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AB S T R A C T  

iii 

Two experiments were carried out to examine the effects of differences i n  pre-grazing 

herbage mass of prairie grass (Bromus willdenowii Kunth) cv. Grasslands Matua pastures 

on herbage composition i n  summer, autumn, winter and spring (Experiment 1); and herbage 

composition and milk production by grazing cows during eight short-term (2-3 weeks) 

grazing trials in early spring, late spring, summer and autumn over two years (Experiment 

2). 

Swards with low (LM), intermediate (1M) and high (HM) (Experiment 1 ), and with LM and HM 

(Experiment 2) pre-grazing herbage mass were created and maintained by d ifferential 

grazing. Simultaneous comparisons were made with conventional perennial ryegrass/white 

clover ( RG) swards (Experiment 2). Prairie grass swards were grown with red c lover 

(Experiment 1 )  or white clover (Experiment 2). Cows were given a common nominal 

herbage allowance of 50 kg OM/cow daily (Experiment 2). The LM swards were topped 

m echanically when required (Experi ment 2). M ean pre-grazing and residual herbage 

masses (t OM/ha) were, respectively; 

Experiment 1 :  LM, 4.4 and 1.9; 1M, 6.5 and 2.6; HM, 6.7 and 3.5 ; 

Experiment 2: RG, 3.2 and 2.1; LM, 4.2 and 2.2; HM, 5.7 and 3.6. 

In Experiment 1, the low mass swards contained lower concentrations of stem and dead 

m<;ltter, but higher concentrations of leaf tha n  the i ntermediate or high mass swards; the 

concentrations of clover in the three sward types were similar. Herbage from the low mass 

sward type was also more digestible, a nd contained greater concentrations of n itrogen .  

I n  Experiment 2,  t h e  ryegrass swards contai ned greater mean proportions o f  leaf and 

smaller proportions of stem and senescent material than the two prairie grass sward types, 

which contained s imilar proportions of stem; low mass prairie grass swards conta ined 
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greater and smaller proportions of leaf and senescent maHer, respectively, than high mass 

swards. The proportion of clover was smaller in high mass prairie grass swards than 

ryegrass or low mass prairie grass swards, which contained similar proportions; that of 

unsown species was generally highest in low mass prairie grass swards. The proportion of 

prairie grass, tiller density and weight per tiller decreased over time in both prairie grass 

swards, but the decrease was faster in the low mass swards. 

Herbage from the ryegrass swards was more digestible and had a greater concentration of 

nitrogen than the high mass prairie grass swards, while the low mass prairie grass swards 

showed intermediate values. There were only small actual differences between treatments 

in the digestibility and nitrogen concentrations of whole plants, leaf or stem, but values were 

generally lower in the high mass prairie grass swards; the digestibility of dead matter was 

very low (OMD < 48%) and was much lower in prairie grass swards. It appears that the 

high proportion of dead matter was largely responsible for the decrease in the quality of 

herbage from prairie grass swards, while the high proportion of stem was not important in 

this respect. 

Apparent herbage intakes by cows from the three sward types were relatively high, but 

yields of milk and milk solids were smallest from cows grazing the high mass prairie grass 

swards. Yields of milk and milk solids from ryegrass and low mass prairie grass swards 

were similar in all periods, except in summer when yields were smaller from low mass 

prairie grass swards. 

There were season x sward type interactions for herbage component concentrations, 

herbage digestibility, and milk production. However, the data were consistent in showing 

that high mass swards always contained lower proportions of green leaf and greater 

proportions of senescent maHer; the digestibility and feeding value of the herbage, and milk 

production from the high mass swards were lower when compared with low mass swards, 

most probably due to smaller intakes of digestible nutrients from the former swards. 

It was concluded that the feeding value for milk production of prairie grass swards 

maintained at low herbage masses was similar to that of conventional ryegrass swards, 

except during the summer period when that of low mass prairie grass was lower; but low 

mass prairie grass swards were less persistent. despite long grazing intervals of 5-6 weeks. 

Suggestions were made for further research. 
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C H A P T E Rl 

B AC K GROUND TO TH E THESIS 

1 .1 THESIS OUTLINE 

1 

The present investigation involved nine grazing trials (in two experiments) with dairy cows 

during which a series of pasture and animal measurements were made over a range of 

seasons for three years. Several types of predominantly Matua prairie grass/clover swards 

were created and maintained by differentia l  grazing management prior to the sta rt of 

measurements (Plate 1 . 1 ) .  I n  Experiment 2, simultaneous comparisons were made with 

"conventional" (moderate mass) perennial ryegrass swards (Plate 1 . 1 ) .  Experiment 2 was 

comprised of eight grazing trials, but the data from these trials were analysed and presented 

as one experiment. The experimental procedures, results and discussions are presented in 

five chapters following two introductory chapters. 

Chapter 1 introduces the thesis by presenting highlights of the dairy industry and pasture 

scene in New Zealand. It also presents the general aim of the entire study with an overview 

of the  background l ite rature. The chapter concludes with an out l ine of the specific 

. objectives of the present study. 

Chapter 2 contains a detailed review of literature perta ining to the effects of defoliation 

reg i me and season on herbage g rowth and composition, feed intake and lactat ional 

performance of dairy cows, herbage production and herbage quality of Matua prairie grass 

swards, and animal production from Matua dominant pastures in comparison to perennial 

ryegrass pastures. 

Chapter 3 outl ines materials and methods common to all the experiments. Specific 

experimental procedures are presented under the relevant chapters. 

Chapter 4 details a one year grazing trial (Experiment 1 )  that measured pasture growth, 

sward morphology and herbage composition of three Matua-red clover sward types. The 

swards were grazed at low, medium or high pre-grazing herbage masses. No anima l  

measurements were made. 



2 

Chapters 5 and 6 describe eight grazing trials with lactating dairy cows (Experiment 2) that 

were conducted during early spring, late spring,  summer and autumn over two years to 

compare Matua-white clover swards (maintained at either low or high pre-grazing herbage 

masses) and "conventional" ryegrass-white clover swards. Sward characteristics and 

herbage quality are presented in Chapter 5, a nd feed intake and dairy cow performance in 

Chapter 6. 

A general discussion and synthesis of the experimental results, a summary of the main 

observations, conclusions reached, and suggestions for furt her investigations are presented 

in Chapter 7, the final chapter. 

1 .2 NEW ZEALAND'S DAIRY I NDUSTRY: AN OVERVIEW 

Natural and sown temperate grasslands constitute about 25-30% of the total world area in 

permanent range and pasture (Reid and Jung, 1 982, Hodgson, 1 990b) .  These grasslands 

support about 35% of the world's ruminant livestock units (leaver, 1 985) . In New Zealand, 

permanent pastures make up 97% of the total land area (1 4.1  mil lion hectares) used for 

agriculture and horticulture, 9% of which is under dairy farms (Department of Statistics (NZ), 

1 99 0a) . I n  1 989,  dairy products accounted for approximately 20% of the country's total 

export earn ings, while the entire pastoral subsector accounted for 52% of export income 

(Depart ment of Statistics (NZ), 1 990b) .  The importance of pastoral farming in  New 

Zealand's economy is quite evident. 

Approximately 1 0% of all milk produced in New Zealand is consumed directly as fresh liquid 

mi lk ,  with the remainder being processed into a variety of products mainly for the export 

market (Bryant and Sheath, 1 987) . Grazed pasture is the main component in the diet of 

cows (Bryant and Trigg, 1 982; Holmes and Wilson, 1 984). This low-cost and low-return (per 

cow) production system enables New Zealand to sell dairy produce on the world market at 

competitive prices in comparison to its trading partners (Bryant and Sheath, 1 987; Bichan, 

1 990; Holmes, 1 990a). 

Strict reliance on grazed pastures, however, leads to low digestible energy intakes and low 

product ivity per cow « 4,000 litresl lactation) in  relation to genetic potential ,  and mi lk 

processing capacity is under-uti l ized during periods of low pasture growth  in winter and 

early spring, and during dry summ ers (Leaver, 1 987; Baldwin and Holmes, 1 990; Bryant, 

1 990a, b). 
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Milk production and utilized metabolizable energy (UME) per hectare can be increased with 

cows of high genetic merit (Bryant and Trigg, 1981; Grainger et aI., 1985; Holmes et £1.. 
1987; Holmes, 1988); high stocking rates (McMeekan, 1956); choice of calving, drying-off 

and culling dates (Bryant and Holmes, 1985); and by feeding high quality conserved forage 

supplements, with or without concentrates, during periods of pasture shortage (Jennings 

and Holmes, 1985; Leaver, 1987, 1988; Thomas and Rae, 1988; Leaver and Fraser, 1989; 

Phillips, 1989). In New Zealand and Australia, however, supplementary feeding of lactating 

cows on seasonal-supply farms is uneconomic (Bryant and Trigg, 1982; Stockdale and 

King, 1982; Bryant, 1989, 1990a; Thomson et &, 1989; Holmes, 1987a, 1990b). 

Consequently, the feeding of conserved forage with no concentrates is restricted to periods 

of acute pasture shortages, e.g. winter and dry summers. This is to minimise losses of 

liveweight and body condition, and the adverse effects these have on the subsequent 

lactation (Grainger and McGowan, 1982; Wilson and Davey, 1982; Bryant, 1990a); and on 

the amount of feed on the farm during the early- to mid-spring period of high animal 

nutritional demand and responsiveness (Bryant, 1990a, b). 

Most dairy production in New Zealand is seasonal in nature and is generally classified into 

two groups: seasonal-supply and town-supply dairy farms. Seasonal-supply farms (cows 

dried-off in autumn) that produce milk for processing mainly for the export market, made up 

92% of dairy herds in the 1988/89 season (N.Z Dairy Board, 1989). These farms had an 

average herd.size and effective land area of 157 cows and 65 ha, respectively, and less 

than 2 labour units (N.Z. Dairy Board, 1989). Corresponding figures for town-supply farms, 

8% of total herds, producing liquid milk throughout the year for domestic consumption were 

143 cows on 84 ha. A�erage milk 1 and milkfat production on factory- or seasonal-supply 

farms were 3400 lit res and 154 kg/cow per lactation and 8,400 litres and 391 kg/ha, 

respectively, at mean stocking rates of 2.5 cows/ha (ibid). Most of this production is 

obtained under rain fed conditions, and irrigation is generally confined to the drier areas in 

the Bay of Plenty (North Island) and Canterbury (South Island). 

There are, however, wide variations in stocking rates and production levels between regions 

and between farms within a region reflecting, at least partly, differences in soils, climate and 
\ 

management. New Zealand milked 2.3 million cows in the 1989-1990 season and the 

national herd was 3.3 million dairy cattle, 90% of which are in the North Island (about 70% in 

the South Auckland, Bay of Plenty and Taranaki regions) (N.Z. Dairy Board, 1990). 

1 Not fat corrected. 
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Several dairy companies have recently encouraged ·out of season" milk production by 

seasonal-supply dairy farms through production contracts and price incentives (Bryant, Paul 

and Scott, 1988; Johnson, 1990; Macmillan, 1990). This is an attempt to utilize fully the 

massive investment in milk processing facilities and to stabilize the supply of liquid milk and 

short shelf-life dairy products for the domestic and export markets (Macmillan, 1990). Also, 

the milkfat-based payment system for the producer is being replaced by one that considers 

both milkfat and milk protein production with a slight penalty for the liquid component 

(Bryant et aI., 1988). How these changes will influence the feeding and selection of dairy 

herds is not yet clear (Ahlborn and Bryant, 1992). However, New Zealand farmers may 

have limited options, in the long-term, other than breeding and selection to improve yields of 

milkfat and protein (Holmes, 1988; Kolver and Bryant, 1992). Since, for cows feeding on 

pasture, the proportions of fat and protein in the milk over a whole lactation are generally 

influenced neither by the level nor quality of nutrition over a wide range of stocking rates 

(2.7-4.5 cowslha) (McFeely et aI., 1975; L'Huillier, 1987c, 1988; Thomas and Martin, 1988; 

Thomson, 1988; Sutton and Morant, 1989; Bryant, 1990a; Stakelum and Dillon, 1991). 

Similarly, milk composition is generally not influenced by wide variations in grazing 

management (L'Huillier, 1987c, 1988; Thomson, 1988; Bryant, 1990a; Stakelum and Dillon, 

1991; Kolver and Bryant, 1992). 

1.3 NEW ZEALAND PASTURES AND GRAZING MANAGEMENT 

Approximately 90% of cows calve in mid-winter to early-spring (July-September). This 

calving strategy coupled with strict rationing of pasture for dry cows during autumn and 

winter, and altering rotation lengths in early lactation, with or without early drying-off and 

culling in autumn, aim at transferring pasture in situ to early and mid-spring (Bryant and 

Cook, 1980; Bryant and Trigg, 1982; Sheath and Harris, 1985). The strategy also attempts 

to match increasing pasture availability and growth rates in spring with increasing feed 

requirements of the herd during early to mid lactation (Holmes and Wilson, 1984; Bryant and 

Sheath, 1987). 

I 
Ninety-eight percent of New Zealand pastures are dominated by perennial ryegrass and 

white clover yielding about 13-15t DMiha annually with nil or limited N fertilization (Holmes, 

1982; Bryant et aI., 1982; Sheath and Harris, 1985, Korte, et aI., 1987), but on better than 

average farms other grass species contribute about 20% of the grass cover (Harris and 

Chu, 1985; Lancashire, 1985a, b ) .  Perennial ryegrass has a reputation for easy 

establishment, prolific tillering, aggressiveness and ability to compete, high nutritive value 
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(digestibility), and for tolerance to mismanagement, to some extent, in comparison to other 

temperate pere nnial grass species (Raymond, 1 969; Williams, 1 980, Langer, 1 990). 

Perennial ryegrass has its limitations. It is susceptible to pest damage, mainly grass grub 

and Argentine stem weevil ,  particularly when low endophyte (Acremonium lolil) cultivars are 

g rown with white clover (Goold, Thorn and P restidge ,  1 989;  McCal lum,  Thomson and 

Roberts, 1 990). I t  also shows poor growth d uring periods of low soil temperatures during 

late autumn to early spring, and during summer moisture deficits; and it requires high soil 

fertility. Depending on stocking rate, lactating cows may often not obtain sufficient pasture 

to enable maximum voluntary intake in early to mid lactation - a period of high nutritional 

demand. The cows' total lactational performance and fertility may be adversely affected, 

depending on  the length and severity of under-feeding (Grainger and Wilhelms, 1979; 

B roster and Thomas, 1 981 ; Bryant, 1 990b). However, infertility is not perceived as a major 

p roblem i n  spring calving New Zealand herds (Macmillan ,  1 979 ; Bryant and Trigg, 1982), 

and cows are able to recover from 35% under-feeding in early lactation (first five weeks) 

(Grainger and Wilhelms, 1 979; Bryant and Trigg, 1 979, 1 982; Trigg et &, 1980; Bryant, 

1 990b). 

New Zealand plant breeders have persistently striven to develop cool-season and summer

active herbage cu lt ivars, with complementary p roduction and g raz ing management 

packages, to overcome feed s hortages during periods of high animal nutritional demand. 

M a ny cu ltivars and ecotypes have been released dur ing the past 20 years, by the 

G rasslands Division, Department of Scientific and Industrial Research (DSIR), e .g . ,  Roa and 

Au-Triumph tall fescue; Kara and Wana cocksfoot; Matua prairie grass; Maru phalaris; Nui 

ryegrass; Pitau and Kopu white clover; Pawera red clover; Puna chicory; and Maku lotus 

(Lancashi re,  1 985b; Thorn and Prestidge, 1 988; Belgrave et aI . ,  1 990). Prairie grass cv. 

G rasslands Matua (Bromus willdenowii Kunth), to be referred to frequently in this thesis as 

M atua, is the focus of the present study. 

1 .4 A ITRIBUTES OF MATUA PRAIRIE GRASS 

Pr�irie g rass has long been recognized in New Zealand as a true perennial and a valuable 

pasture species (Rumbal l ,  1 967). The first commercial cultivar, Grasslands Matua was 

released in 1 975. The cultivar was bred and selected for higher tiller production, and higher 

d ry matter yields (by 1 5-35%) than other prairie g rass l ines and the common perennial 

ryegrass cultivars, respectively. M uch of Matua's production superiority was realized during 

the cool periods and during summer when traditional perennial ryegrass pasture mixtures 
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were low yielding (Rumball, 1974; Hill and Kirby, 1985). Matua prairie grass is reputed to be 

highly palatable, and with high digestibility despite large numbers of inflorescences from 

mid-spring to autumn (Crush � aI., 1989; Hume, 1990a, b). 

Although it was originally suggested that prairie grass was particularly suited to high fertility 

dairy farms under an infrequent and lax grazing regime (Rumball, 1974; Lancashire and 

Brock, 1983) . there is no evidence to date of increased cow or farm productivity as a result 

of the incorporation of Matua into dairy pastures (McCallum, 1987; Penny, 1987; Thom and 

Prestidge, 1988; Sellars, 1988; A.M. Bryant, pers. com.). Ten to fifteen percent higher 

gross margins have, however, been reported where prairie grass was used in sheep farming 

systems in a dry region in the South Island, New Zealand (Fraser, 1985 ; Greer and 

Chamberlain, 1986). The defoliation regime used in these trials was intensive and of short

duration with long resting periods to allow for tiller recovery. High losses of dry matter and 

herbage quality through senescence and low leaf:stem ratios associated with lax and 

infrequent grazing regimes may account for depressed productivity of cows on Matua 

pastures. Experimental evidence, however, is lacking. 

Matua's major limitations, in contrast to perennial ryegrass, have been its low tillering 

capacity and poor persistence under frequent or intense defoliation, and when grown under 

poor soil drainage conditions (Rumball, 1974; Hill and Pearson, 1985; Mwebaze, 1986). It is 

also susceptible to fungal (head smut and anthracnose) and insect attack (Argentine stem 

weevil and hessian fly) (Falloon, 1976; Falloon and Hume, 1988; Falloon and Rolston, 1990; 

Thom and Prestidge, 1988; Thom et aI., 1989, 1990; Boom and Sheath, 1990). Head smut 

has been successfully controlled by seed dressing with benomyl or thiram (Falloon and 

Rolston, 1990), while Argentine stem weevil and hessian flies have been controlled by 

oxamyl and fensufothion insecticides, respectively (Thom et aI., 1989). However, the 

economics of insecticide use is questionable. 

Matua's poor persistence might also be related to damage to growing points (Alexander, 

1985), although A.C.P. Chu (unpublished data) has found no evidence of crown damage 

under normal dairy grazing of Matua swards. Poor oxygen uptake due to soil compaction 
I 

arising from frequent grazing and treading could affect Matua's root performance (Mwebaze, 

1986; Eccles, Matthew and Chu, 1990). Black and Chu (1989) and Hume (1990a) have 

suggested a physiological constraint to Matua's persistence especially if it is grazed before 

replacement tillers appear at the base of the sward. It has also been postulated that the 

slow rate of recovery of tillers following defoliation may be more important to Matua's 

persistence than tillering ability (A.C.P. Chu, pers. com.; C.K. Black, unpublished data). 
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It has been suggested that, i n  comparison to 'conventional' perennial ryegrass swards, the 

utilization of extra dry matter grown from Matua prairie grass-clover pastures could be 

improved through intense grazing, followed by a long recovery period of five to six weeks, 

without a significant loss in sward yield and persistence, herbage quality, and production per 

animal (Wilson, 1 977; Alexander, 1 985; Fraser, 1 985; Matthews, 1 986). The purpose of the 

studies reported in the present thesis was to test this hypothesis, with particular emphasis 

on the composition of the pasture and its feeding value for lactating dairy cows. 

1 .5.1 Primary objectives of the study 

Prairie grass cv. Grasslands Matua is reputed to be a highly productive and nutritious 

pasture cultivar, but it suffers from poor persistence as a result of mismanagement and/or 

disease and pest damage. There is, however, no evidence to date of improved productivity 

per cow or per hectare as a result of incorporating prairie g rass in a dairy production 

system. Similarly, there is very limited information on the effects of season and defoliation 

reg i me by dairy cows on t h e  composition and feeding value of Matua p rairie grass in 

comparison with perennial ryegrass dominant pastures. 

The general objective of the present i nvestigation was to provide some basic information on 

the composition and feeding value of prairie grass, to assist in the assessment of its role in 

in dairy production systems. 

The specific objectives were: 

1 .  To measure, over a range of seasons, the effects of differences i n  pregrazing 

herbage mass, c reated and maintained by variations in grazing intensity and/or 

frequency, of prairi e  g rass cv. G rasslands Matua/clover past u res on sward 

characteristics (growth and structure) and pasture composition. 

2. To measure t h e  effects of d ifferences i n  pasture structure and composition, 

consequent to variations in grazing regime, of Matua prairie grass swards on the 

feed i n g  v a l u e  of t h e  h e rbag e ,  and on subseq u e nt pasture and dairy cow 

performance; with 'conventional' perennial ryegrass I white clover pasture used as a 

control treatment. 



Plate 1 . 1 A 'conventional '  perennial ryegrass/white clover sward (top 
foreground) and a low mass Matua prairie grass/white clover 
sward (bottom) under experimental grazing in l ate spring . 

8 



C H A P T E R 2 

LITERA TURE REVIEW 

2.1 I NTRODUCTION TO LITERATURE REVIEW 
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The productivity of dairy cows feeding on pasture is largely dependent o n  the product of the 

quantity and quality of pasture consumed (Bryant. 198 1 a).  This in turn is influenced by a 

wide range of soil and associated fauna. plant, animal, climatic and managerial factors (e.g . ,  

farm inputs and stock policies) that form a complex ecosystem (Snaydo n ,  1 981 ) .  The 

components of the ecosystem interact to influence the biomass productivity upon which the 

animal production is achieved. 

This review wi l l  concentrate on the a n imal and plant components of the grazing system 

(planVanimal interface) . It wil l  focus mainly on the effects of defoliation regime and season 

on t h e  growt h ,  accumulation and composition of temperate ,  specifical ly N ew Zealand 

p a s t u r e s ;  a n d  the effects of t he s e  on h e rbage i ntake and subseq u e nt dairy cow 

performance. The roles of the remaining components of the pasture ecosystem have been 

reviewed elsewhere (Snaydon, 1 98 1 , 1 987; Vickery, 1 981 ; Hodgson, 1 985, 1 990b; Korte et 

aI . ,  1 987; Radcliffe and Baars, 1 987). Finally, the l imited evidence about the management 

for milk production and composition of prairie grass cv. Grasslands Matua pastures will be 

reviewed. 

I n  this review, pasture composition will be used to mean the botanical, morphological and 

chemical composition of the herbage and the spatial distribution of these components in the 

sward (Waghorn and Barry, 1 987); whereas defoliation regime will be used to mean the 

frequency and/or intensity with which a sward is cut or grazed. 

A n  appreciat ion of t h e  p r i n c i p l e s  gove r n i n g  h e r b a g e  g rowt h  is a p rerequisite to 

u nderstanding the effects of g razing on herbage accumulation and pasture composition, 

and the effects of these on milk production (planVanimal interface). For this reason, and 

because of the scarcity of recent scientific literature in the author's home country, herbage 

growth will be reviewed i n  considerable detail, and will be included as Appendix 2.1  of the 

present thesis. 



2.2 EFFECTS OF DEFOLIATION REGIME AND SEASON ON HERBAGE 

GROWTH AND ACCUMULATION 
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A detailed review of this topic is presented as Appendix 2 . 1  of the present thesis, and only a 

summary of the main points wil l  be presented here. 

Total herbage accumulation is a result of the accumulation of the different pasture species 

and component parts (Le . , leaf, stem,  seedhead and dead matter) of t hose species. 

B ecause of the  d ifferent  accumulation rates of these components, within and between 

seasons, the effect of management on herbage accumulation or availabi l ity to the grazing 

an ima l  when expressed as total herbage, green herbage, or  leaf lamina may be different 

(Butler £t al . ,  1 985 , 1 987; Hoogendoorn, 1 986). Therefore, analysis of grazing management 

effects in terms of total dry matter production may be of limited value because no account is 

taken of the effects of management on the feeding value of the dry matter produced, mainly 

as a result of inclusion of dead herbage in the net herbage accumulation (NHA) equation .  

As a result, use of  lamina mass as a measure of sward productivity has been suggested 

(Bircham, 1 981 ; Holmes and Macmillan, 1 982; Butler et aI . ,  1 987). 

In the review (Appendix 2 . 1 ) ,  t he influence of changes in plant morphology, sward structure 

and pasture production following defoliation have been considered. Some indication has 

been given of how regrowth depends on the i nit ial resources of leaf a rea and carbon 

compounds present in the stubble. An account has been given of how and when the 

accumulation of dry matter in  new leaves is offset by losses of older leaves present in the 

stubble or accumulating during regrowth. Evidence has been presented showing how tHler 

popu lations a re related to the l evel  of h erbage mass that is a l lowed to accumulate. 

H owever, the chang ing morphology of the plant strong ly i nf l uences its response to 

defoliation in  both the shorter and longer term. The structure of the grass sward varies 

considerably in response to defo liation ,  and the sward is capable of a h igh degree of 

adaptation to wide variations in management, such that net pasture production remains 

relatively constant (Bircham and Hodgson, 1 983a; Figure 2 . 1 ) . 

I n  view of the complexity and plasticity of the response of the grass crop to defoliation, no 

single recipe for production can hold true under any but the most l imited circumstance. In 

p ractice the need to sustain f luctuat ing grazing  intensit ies and/or frequencies against a 

background of seasonal variation in both pasture and animal production requires a more 

flexible approach. An understanding through research of the physiological principles of the 

short term effects of defoliation on the accumulation and loss of matter in swards of varying 
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botanical compositions. and of new cultivars i n  various e nvironments is still necessary. This 

n e e d s  t o  b e  s up p o rted by an appreciation  of the  importance of avoiding m arked 

deterioration in sward structure and growth in the long-term and during critical periods of the 

year. Consequently. farmers should be able to make management decisions that best suit 

their objectives and the changing conditions they experience. Such an u nderstanding 

shou ld increase the reliability and efficiency of production of the grass crop, and so increase 

confidence in the use of grass as an inexpensive feedstuff for ruminant animal production .  
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Figure 2.1 Combined species growth, senescence and net production rates (kg DM/ha per 
day) vs herbage mass. sward surface height, and leaf area index (Adapted from Bircham 
and Hodgson, 1983a) . 

2.3 EFFECTS O F  DEFOLIATION REGIME AND SEASON ON PASTURE 

COMPOSITION 

2.3.1 CompOSition of temperate pastures 

A b rief review of the composition of temperate pastures is presented as Appendix 2.2 of the 

present thesis. 
I I  

The evidence presented in Appendix 2.2 indicates that temperate pastures are composed of 

a mosaic of grass and legume species, with perennial ryegrass and white clover being the 

most dominant.  Similarly. evidence is presented that shows that legumes are superior to 

grasses in nutritive value (see also Figure 2.2). 



12 

The nutritive valu e of pasture herbage i s  generany influenced by stage of maturity, season, 

a nd grazing management via its effects on botanical composition, and proportions of leaf, 

s t e m  and dead matter. It is also inf luenced by the rate of  herbage accumulatio n and the 

d e g re e  to which h e rbage grown is harvested for consumption. 
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F i g ure 2.2 Fre que ncy d i s trib u t i o n s  o f  crud e  p rotein co n c e nt ratio n s  in t ropical and 
temperate g rasses and legumes. (Aft e r  Minso n, 1 976). 

2.3.2 Effects of defoliation reg ime on pasture composition 

Wh e r e a s  t h e  p ro p o rtio n s  of p a s t u re s p ecies sown a nd those of individ u a l  herbage 

components, a nd their s patial distribution in a sward may vary with sward age (Snaydon, 

1 98 7) ,  d e f o l i a tio n p ract ices a n d  s e as o n  are the do minant factors that influence the 

compos ition a nd structure of sown pastures (Harris, 1 978; B rougham and Chu. 1 987; Korte 

a n9 Harris .  1 987) .  Past u re defoliation p ractices and season infl uence sward composition 

mostly through t h e ir effects on rates of herbage accumulation, maturation and senescence 

( B irch a m ,  1 98 1 ) . The effects of season and plant maturity on pasture composition are 

diff icult  to s e parat e ,  and ofte n inte ract with the defoliation regime imposed (L'Hu il l ier, 

1 98 7b) . 
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2.3.2.1 Botanical composition 

The effects of grazing management on the composition and uti l ization of pasture on dairy 

farms has been  reviewed on many occasions (Bryant and Trigg, 1982; Holmes and 

Macmi l la n ,  1982; Bryant and Holmes, 1985; Leaver, 1985; Bryant  and Sheath, 1987; 

Christian, 1987; Holmes, 1987a; Bryant, 1990a). Increasing the frequency and intensity of 

g razing, e.g., short rotation lengths or set stocking at high stocking rates, generally leads to 

perennial ryegrass and clover dominance (Hay and Baxter, 1984; Sheath and Boom, 1985; 

L'H uil lier and Bryant, 1987; L'Huil l ier, 1987b, 1988). Clovers are also favoured by control of 

competition during the spring and periodic spelling (infrequent grazing) i n  summer (Sheath 

and Boom, 1985; Cosgrove and Brougham, 1985; Hoogendoorn, 1986; L'Huillier, 1987c, 

1988). Cont in uous lax grazing favours the taller species l ike cocksfoot, prairie grass and 

Yorkshire Fog (Hodgson, 1990b; Langer, 1990) whereas close continuous defoliation leads 

to a species-rich association with h igh  concentrations of prostrate, creeping plants, such as 

brown top and Poa spp. (Harris, 1 978; Michell and Fulkerson, 1985; L'Hui l l ier, 1988). 

The botanical composition of pasture is also modified by type of stock. For example, cattle

rather than sheep-dominated pastu re systems result in reduced plant density and increased 

proportion of clover particularly at high stocking rates (Suckling, 1975; Stockdale and King, 

1980; Curll , 1982; Lambert et aI., 1986). 

There are some conflict ing reports, however, on the effects of defoliation regime on the 

relative productive and competitive abilities of pasture species (Baines et aI., 1983, Michell 

and Fulkerson, 1987). Differences in response to defoliation may arise from differences in 

the timing and the extent of removal of photosynthetic area and meristematic tissue (Korte 

and Harris, 1987). They may also arise from differences in bud regeneration, flowering and 

seed product ion ,  soil seed reserves, and seedl ing regeneration, which depends on the 

degree  of shading and the soil environment (Sheath and Boom, 1985; Korte and Harris, 

1987 ;  L'H u il lier,  1987a, c). For example, extremes of winter management 128 vs 48d 

rotations) had no effect on either til ler density or the proportion of ryegrass, clover and dead 

material in the pasture in winter and early spring (L'Huil lier, 1987c). On the other hand, 8 

compared with 32d rotations in early spring resulted in more white clover, less ryegrass and 

dead material, and an increase in ti l ler density through the spring/summer period (ibid). 

C ha nges  i n  botanical composit ion of pasture ca n i nf luence the total a nd seasonal  

d ist ribution of herbage production o r  forage quality. However, several  long term New 

Zealand studies indicate that g eneral grazing methods differ litt le in their effects on botanical 
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composition when operated at similar grazing intensities and with similar animals (Suckling , 

1 975; Cosgrove and Brougham, 1 985 ; Lambert et a!. , 1 986). This view is also supported by 

the work of Stockdale and King (1 980), who observed a reduction i n  the concentration of 

s u bterranean clover and an increase in the proportion of grass d ue to hard grazing only 

d uring spring;  otherwise grazing management had no effect on the botanical composition of 

pasture. Extremes of over- or u nder-grazing. however, will result in longer lasting changes 

in the botanical composition of swards (Suckling, 1 975). 

2.3.2.2 Morphological composition 

A nimals gene ra l ly prefer the l eaf fraction of pastures and avoid dead matter, preferring 

g reen herbage (Poppi et aI. ,  1 980; 1 98 1  a). It is therefore important to distinguish the effects 

of d efoliation o n  these compon ents . More frequent defoliat ion genera l ly i ncreases the 

p ro p o rt ion of leaf m aterial  in comparison to 'stem' , and t h e  p roportion of g re e n  in 

comparison to dead herbage in the upper, more accessible sward horizons (Wilman et §l . .  

1 976a, b; Hoogendoorn, 1 986; Hoogendoorn et aI . ,  1 987; L'H uil l ier, 1 988). The i nterval 

between defoliations that maximises leaf yield is usually considerably less than one that 

maximises total DM yield (Wilman et a I . ,  1 976b) . and is dependent on such factors as time 

of year ,  soi l  n i troge n  stat u s  a n d  p lant species or cultivar. Frequent defoliation also 

i n creases the p roportion of dead leaf to g reen leaf material (Wil ma n  et aI . ,  1 977b), but 

d ecreases t h e  concentration of dead material i n  the total sward (Hoogendoorn, 1 986; 

L' Hui ll ier, 1 988). 

Conversely, longer periods of unint errupted growth i ncrease the concentration of dead 

material accumulating mainly in the l ess accessible base of the sward (Korte and Sheath, 

1 979; Francis and Smetham, 1 985; Hoogendoorn, 1 986; Butler, 1 986). I nfrequent g razing 

permits ste m  development thus n arrowing the leaf:stem ratio, and this is most marked 

d u r i n g  rep ro d uctive g ro wt h  (Ko rt e  � a I . ,  1 984;  H o l m e s  a n d  H oo g e ndoo rn , 1 985) . 

Vegetative g rowth consists almost entirely of leaf and sheath whereas with reproductive 

g rowth ,  once stem elongation begins, most of the increase in DM mass is from stem rather 

than leaf growth (Wilman et aI . ,  1 976b; Korte � aI. ,  1 984; L'Huil lier, 1 988) . The proportion 

of g reen leaf in the sward has been reported to decline from 80% to 5% of the total tiller 

mass d u ring stem elongation (Wilman et aI . ,  1 976d). 

The intensity with which pasture is g razed has important effects on pasture productivity, and 

on the composition of the herbage and its feeding value for dairy cows, both in the short and 

l o n g  t e rm (McMeeka n ,  1 96 0 ;  Stockdale and K i n g ,  1 98 0 ;  Hoog endoorn et a I . ,  1 987; 
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L'H u il l ier ,  1 987b,  c ;  Stakelum a n d  D i l lon, 1 99 1 ) .  I n  general ,  intense g razing, a s  with 

frequent grazing, results in pastures with greater concentrations of clover, total green matter 

and g reen leaf, and smaller concentrations of stem and dead material than laxly grazed 

pastu res (Korte et aI . ,  1 984; Hoogendoorn et a I . ,  1 985, 1 987; L'H ui l l ier, 1 987b, 1 988; 

Stakelum and D illon , 1991) .  

The absolute differences in pasture composition arising from differences in grazing intensity 

( ib id ,  Santamaria and McGowan,  1 982 ;  M iche l l  and Fulkerson ,  1 987) or  frequency 

(Hoogendoorn et aI. , 1 987; L'Huil l ier, 1 987c, 1 988) are greater in the mid spring to early 

summer period than the late summer to early spring period. This is probably because of the 

high rates of accumulation of stem and dead material during the former period. 

D uring late spring-early summer, m echanical topping of previously laxly grazed swards 

(Holmes and McClenaghan, 1 980; B ryant, 1 982; Hoogendoorn , et a I . ,  1 985; MacDonald, 

1 986 ;  Stake l u m  and Di l lon ,  1 99 1 ) ,  or  intense g razing of part of the farm with late 

(November/December) conservation (Bryant, 1 982; Thomson et aI. , 1 984) , or conservation 

in situ (L'Hui l l ier, 1 988; Thomson et aI . ,  1 989), or spraying growth retardants such as 

mefluidide (Goold §1 aI . ,  1 982;  Brookes and Holmes, 1 984; Hoogendoorn et £1.. , 1 985; 
McGrath ,  1 986) have been s hown to improve sl ight ly t he quality of summer pasture. 

S ubsequent reductions in the concentrations of stem and dead material of the herbage may 

explain the improvements in herbage quality observed during summer. However, for both 

topping and mefluidide spraying, the alternatives need to be evaluated, finally, in terms of 

financial returns. 

2.3.2.3 Herbage quality 

G razing intensity andlor frequency influence the digestibility of herbage through their effects 

on herbage maturity and on the proportions in the sward of green leaf of high digestibility, 

and of ste m  and senescent matter of lower digestibi l ity a s  was discussed previously. 

Managements that increase the concentrations of desirable g rass species (e.g . ,  rye grass) 

and clover also tend to improve the digestibility and N concentration of the herbage on offer. 

I ntense a nd/or f requent g razing improves herbag e  d igestibi lity and reduces herbage 

wastage through senescence (Bircham a nd Hodgso n ,  1 983a, b; Holmes et a I . ,  1 992; 

L'Huillier, 1 987b; Stakelum and Dillon, 1 991 ) .  On the other hand, such managements often 

conflict with the need to maximise intake, which is best achieved at low grazing intensities in 

the short term. The factors that affect herbage intake at pasture are discussed in Section 

2.4.3. 
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Changes i n  the proportion of nitrogen in  the total herbage are closely correlated with DMD 

( Raymond, 1 969). But, u nlike digestibil ity that peaks in  winter, % N of pasture herbage is 

h ighest in autumn, intermediate in winter/early spring and lowest in late spring/early summer 

(Hutton,  1 96 1 ; Bryant and Trigg, 1 982; Reid, 1 986; Crush et a/ . ,  1 989). The % N of a plant 

does, however, tend to decrease sooner than the DMD as the plant matures (Minson, 

1 98 1 a).  High values for % N are reported for herbage that is composed of predominantly 

young and growing tissue, and where leaf and legume proportions are high (Wilman � aI. ,  

1 976d; Hoogendoom et a / . ,  1 987). 

I n  genera l ,  a frequent and/or intensely g razed swards wi l l  have a greater proportion of 

young and actively growing plant t issue than swards that a re less frequently and more 

l enient ly grazed. Thus, compared to infrequently grazed swards the DMD and % N of 

frequently and/or intensely grazed swards would be expected to be higher. Besides, any 

g razing reg ime that results in  an increased proportion of dead material in t he sward wil l  

result in a concomitant decrease in  DMD and % N, since the DMD of senescent matter is 

low « 47%; Michell and Fulkerson, 1 987) . 

2.3.3 Effects of season on pastu re composition 

Seasonal changes in pasture composition and plant maturity cannot be easily separated. 

Also, the amount of pasture left after grazing and the frequency of grazing may interact with 

season  to i nf l uence the  composit ion of pasture in the  subsequent g raz i n g  period 

(Hoogendoorn, 1 986; L'Hui l l ier, 1 987b, 1 988). I n  general the proportion of clover in mixed 

pastu res is smallest in the winter/early spring period but increases sharp ly i n  the late 

spring/summer period, decl ining sl ightly in autumn (Harris, 1 978) . However, intense or 

frequent grazing during spring wil l  increase the proportion of clover in  the sward because of 

decreased shading (Sheath and Boom, 1 985; L 'Hui l l ie r  a nd Bryant, 1 987) . I t  wi l l  also 

reduce the proportion of erect grass species as was discussed previously (ibid). 

The p roportions of herbage components in intensively grazed swards are generally not 

affected by g razing i nterval during winter (Hoogendoorn, et a I . ,  1 987; L'Hui l l ier, 1 987c, 

1 988) . However, during the spring period of h igh pasture growth rates, intense/frequent 

grazing or set stocking reduced the number of flower stems and dead material that develop 

dur ing this period; and increased the concentration of green leaf and clover during late 

spring/early summer (Hoogendoorn � aI. ,  1 985, 1 988; Bryant and L'Huillier, 1 987; L'Huillier, 
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1 987c). Herbage d igestibility during the same period (late spring/early summer) was not 

consistently affected by previous grazing management (ibid) . Pastures generally contain a 

lower percentage of leaf, and a higher percentage of stem and dead material in the late 

spring/summer period than in winter or early spring (Hoogendoorn, 1 986) .  

T h e  n utritive a n d  feed i n g  val ue of pasture herbage for sheep, beef cattle and probably 

lactating dairy cows is lower for autumn pastures than spring pastures of similar digestibil ity 

or herbage al lowance (Marsh , 1 975; Clark and Brougham, 1 979). This phenomenon, also 

called autumn i l l  t hrift, has been reviewed by Scott et al .  ( 1 976) for New Zealand pastures, 

while reviews by Reed ( 1 978) and Leaver (1 985) provide a wider coverage of the SUbject .  

Seasonal changes i n  t h e  digestibil ity and concentrations of n itroge n  and m etabolisable 

energy (MID) of pasture herbage are highlighted in Appendix 2.2 and will not be repeated 

here (see also H utton, 1 96 1 , 1 962; Bryant and Trigg, 1 982; L'H uillier, 1 987c; Crush et aI. , 

1 989).  

I ntake of autumn herba g e  is typically between 1 0% (Corbett et aI . ,  1 963) and 1 9% (Steer 

and Kirchgessner, 1 976) less than spring herbage of similar digestibility. Reid (1 986) found 

t hat g rowin g  steers requ ired l ess h erbage a l lowance for maintenance in spring than in 

autumn/winter, and that potential growth rates in spring were double those of winter. The 

d ifferences i n  g rowth rates i n  R e id's two year experiment were not associated with 

differences in h erbage digestibility (70-78% in all trials) or N concentrations.  Reid et al. 

( 1 988) also observed lower lamb growth rates between birth and weaning in autumn born 

than in spring born lambs. Many factors have been suggested for this disorder (ill thrift), 

which include high dead matter concentrations in the lower horizons of autumn swards, and 

the effect these have of reducing the depth of the g razed horizon (Le Du et aI. , 1 98 1 ). A 

reduct io n  in t h e  area available for g razi n g  because of faecal contamination may also 

contribute to autumn il l  thrift (Phil lips and Leaver, 1 985a, b) . 

A ut u m n  i l l  t h rift may a lso be att ributable to more structu ra l  and less water soluble 

carbohydrates, greater N concentrations, and longer rumen retention times of autumn than 

spring pasture (Rattray and Joyce, 1 974; R eid, 1 986; Wag horn and Barry, 1 987). It was 

alSo suggested by Corbett et aI . ,  ( 1 966) and Ulyatt et al. (1 980) and confirmed by MacRae 

et a l .  ( 1 985) t hat t h e  efficiency of  utilization by sheep of M E  for production from autumn 

h e rbage is lower than that of spring herbage. MacRae and associates (ibid)  a lso found 

differences in the absorption of non-amino N and total amino acids in the small intestines 

between autumn and spring herbage ,  whic h  was greater on spring herbage. This would 

s ug gest that most of the extra N in autumn herbage is degraded and lost from the rumen in 
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comparison to N in spring herbage of higher outflow rates (ibid). 

Reductions in milk yields of dairy cows fed on cut autumn herbage have been l ess than 5% 

(Gordon, 1974). This is probably because of the h igher acetate:propionate ratio from 

autumn herbage (greater and lower concentrations of structural and soluble carbohydrates, 

respectively) than spring herbage. A high acetate:propionate ratio stimulates a diversion of 

n utrients to mi lk and milkfat synthesis. Similar data with grazing dairy cows is l imited. But it 
may b e  possible that the efficiency with which M E  from spring h erbage  is uti l ized for 

production may be less important for dairy cows (Leaver, 1985). 

P lant alkaloids and fungal toxins have also been implicated in the autumn i l l  thrift disorder 

(Brewer .§. aI., 1971; U lyatt, 1981; Lauren et aI., 1988; Reid , 1989), but the availab le 

evidence is  inconclusive and further work is still needed to confirm this suggestion. 

2.3.4 Summary 

I ntense or frequent g razing increases the proportions of clover, prostrate species, and green 

leaf, and reduces the proportion of dead matter in the sward. The digestibility of herbage is 

also increased. 

I n  the  long term, the effects of defol iation reg ime on pasture composit ion may not be 

consistent. Nevertheless, grazing methods differ l ittle in their effects on pasture composition 

when operated at similar grazing intensities and with similar animals. This is particularly so 

during the summer/autumn period (L'Hui l l ier. 1987b ; Bryant, 1990b). However, one hard 

g razing during autumn (autumn clean up) will reduce considerably the amount of dead 

matter carried over from summer, thus improving further the qual ity and density of the 

pasture (Holmes and Wilson, 1984). 

In the  short term, deterioration in the quality of dairy pastures and a decl ine in dairy cow 

performance (see Section 2.4.4.) can be reduced by avoiding h igh herbage masses in the 

late spring to early summer period. This may be achieved by h igh  stocking rates, or 

conservation of surplus herbage as hay, si lage or in situ. Topping following lax grazing, set 

stocking  or fast rotations of 10-20 days, and previous hard rather than lax grazing will also 

improve the feeding value of late spring/summer pasture herbage. Besides, such practices 

wil l improve ryegrass W lering and sward density, and help to maintain high ratios of green to 

dead matter and c lover to grass. On the other hand, there is a paucity of similar information 

for the non-traditional, more erect grass species, e.g., prairie g rass and tall fescue under 
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dairy farming conditions. It appears that perennation of prairie grass is favoured by lax 

g razing during late spring, then hard grazing after seedhead emergence (Matthew et ai, in  

press) . 

T h e  feed ing  va lue of autumn pasture i s  lower than that of spring pastu re of similar 

digestibility at constant herbage allowance. The reasons for the difference in feeding value 

between a utumn and spring pasture are not yet clearly established and require further 

research, particularly with lactating dairy cows. Also, there is considerable uncertainty of 

the ability of temperate pastures to meet the undegradable nitrogen requirements of high 

producing cows, especia l ly in early lactation. Thus further investigations on the nitrogen 

nutrition of grazing dairy cattle are warranted. 

2.4 EFFECTS OF S WARD STRUCTURE A N D  COMPOSITION ON DAIRY 

COW PERFORMANCE 

2.4.1 I ntroduction 

Animal productivity from grazed pasture, as was stated in the introduction to this review, is 

largely dependent on the product of the quantity and quality of pasture consumed. This in 

turn is influenced by a wide range of sward, animal and environmental factors, which were 

also highlighted at the beginning of this review (Section 2 . 1 ) .  One of the major l imitations to 

improving animal production at pasture is the inability to optimise feed intake relative to the 

anima l's requirements and/or production potential .  This is because of our inabil ity to predict 

the quantity and quality of herbage consumed by the grazing animal with some degree of 

certainty (Meijs, 1 981 ; Forbes, 1 988a). Defoliating the sward over a short period makes this 

task even more difficu lt as sward canopy structure and nutritive value of the remaining 

pasture undergo rapid simultaneous change. In such circumstances of correlated change, it 

is difficu lt to ascribe intake to sward variables (Hodgson, 1 982a) . 

Current grazing management systems in New Zealand regularly constrain animals to graze 

to low post-grazing pasture masses so as to optimise output per hectare or to ration pasture 

(Bryant and Trigg, 1 982). This has l ed to a description of good grazing management of a 

single sward as the methods of grazing requ ired to alter or control the rate of feed use, 

severity and  frequency of grazing ( B ryant and Sheath , 1 987) .  It is the control or  

manipu lation of  grazing required to accumulate, transfer and al locate pasture from periods 

of surplus to those of deficit or from times of low to those of high animal responsiveness; in 
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attempting to optimise the extent to which the requirements of both stock and pasture are 

satisfied throughout the year (Wallace, 1 959 ;  Holmes and Macmillan, 1 982; Bryant and 

Sheath, 1 987). Grazing management has also been described in more general terms as 

the manipulation of existing plant and animal populations to make the most effective use of 

a given set of farm resources and variabl e  costs - particu larly ferti l izer ( Hodgson and 

Maxwell, 1 981 ) .  

Therefore, t h e  objective o f  grazing management may not n ecessarily be  an  increase i n  

output per un it area of land o r  per animal, though it often is. G reater predictability or 

uniformity of production (at the top end of the production curve) , or greater management 

convenience may be more important objectives on many farms, with financial viability of the 

farm as the ultimate practical test (Hodgson, 1 990b). 

For most of the year, therefore, those properties of the pasture that influence the ease of 

harvesting by the grazing an imal (non-nutritional) . and are main ly a function of grazing 

manage me nt and the e nvironment, are the most important factors limiting intake. How 

grazing management may alte r sward characteristics over t ime,  and the  mechanisms 

through which these changes may influence the future productivity of the pasture, were 

examined in Section 2 .2 and Appendix 2 .1 . The following part of the review will discuss the 

factors that control voluntary feed intake (VFI)  in genera l ,  and more specifical ly the 

influence of grazing management and the resultant sward characteristics (quantity, structure 

and composition) on herbage intake and subsequent animal output. 

2.4.2 The control of herbage intake 

Control of intake in grazing ruminants may be viewed as a balance between the drives for 

n utrients (feeding drive stimuli) and their sensitivity to metabolic, physical and behavioural 

inhibitory stimuli (McClymont, 1 967). Unti l  the interaction between sward structure and 

behaviour was shown to be a major determinant of grazing intake (Alfden and Whittaker, 

1 970) it was incorrectly presumed that metabolic and physical models of intake control 

developed with pen fed animals were also adequate for the grazing animal. 

Plant and animal factors, and their influence on the mechanisms (metabolic, physical and 

behavioural) determining grazing intake have been extensively reviewed (Wiepkema, 1 971 ; 

Forbes ,  1 980,  1 986, 1 988b; Meijs, 1 981 ; M inson, 1 981 b ,  1 987; Hodgson, 1 982, 1 9S5a, 

1 986; Poppi et at, 1 987; Weston and Pappi, 1 987; Black, 1 990). Holmes and Jones ( 1 964) 

observed that for dairy cows the most important animal factors reflecting herbage intake are 
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milk yield, liveweight and liveweight change, and these were recently reviewed by Mayne 

and Wright (1 988). In general, lactating cows at pasture eat 43-76% more herbage than dry 

cows of simi lar liveweight (Hutton ,  1 963;  Hodgson and Wilki nson , 1 967); and herbage 

o rg a n i c  matt e r  intake a nd animal l ive weight or l iveweight gain are c losely correlated 

( H od g so n  and Wilkinson , 1 967) . With dairy cows however, post part u m  appetite lags 

behind milk yield, reaching a maximum four months after peak milk production (Figure 2.3) . 

H i g h  yielding cows have to mobilise body fat and protein to support production in early 

lactation. Reasons for this lag in voluntary i ntake are unclear (Forbes, 1 986). 

A conceptual i l lustration of the plant/animal interface and its influence on herbage intake is 

p re s e nt e d  i n  F i g u r e  2 . 4 .  T h i s  f i g u re i l l u st rates t h e  i nt e ract i o n s  between sward 

c ha racteristics (quantity and character) , the grazing process, and the physical and metabolic 

processes within the animal .  When the q uantity of available herbage is h igh enough for ad

libitum i ntake, n utritional factors (an i ma l  factors and the character of t h e  forage e . g . ,  

d igestibility o r  quality, proportion of leaf i n  the herbage) are the most important determinants 

of i ntake through the distention mechanism, or the metabolic mechanism in the case of very 

high q uality forages (Figures 2.4A & 2.5 (ascending section» . 

Whe n  the quantity of forage and/or pasture allowance is low, forage character may have 

little effect on intake, which in this case is l imited by behavioural (non-nutritional) factors or 

mechanisms e.g. ,  number and size of bites, grazing time and herbage accessibil ity (Figures 

2 . 4B & 2.5 (asymptotic section». At higher quantities of herbage, even ad-libitum levels, the 

'availability of d esired forage' or forage 'accessibility' may affect intake through limits on the 

n u m be r  a nd/or size of bites. F igure 2 .4C combines the many possib l e  inta ke-limit ing 

factors, although this still is an over-simplification of a complex system. In addition, Figure 

2 .4C i l lustrates a 'feedback' regarding the effect of intake (the act of consumption) on the 

quantity and c haracter of forage available in the following period. 

A l l  factors affecting herbage intake can operate simultaneously. However, in any particular 

situation,  one or two factors may be most l imiting. For example, when herbage mass and/or 

pasture al lowance is limiting, behavioural (non-nutritional) mechanisms would be expected 

to predominate (Figure 2.5,  ascending section). I n  such conditions, C hacon and Stobbs 

(1 976) demonstrated that cattle were unable to compensate completely for the removal of 

rumen digesta by increasing grazing activity. This response may also be dependent on the 

a mo u n t  and packing de nsity of t h e  d i g esta removed ( B lack,  1 990) . As swards a re 

p ro g re ssively defol iated ,  t h e  d i g est ibi l ity of the d iet may not c ha n g e ,  yet i ntake may 

decrease by 30% (Collins, 1 989) . I n  such pasture conditions the animals were prepared to 
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m aintain diet q uality at the expense of intake. I ntake was presumably restricted by the 

scarcity, accessibility and ease of harvesting of the preferred sward components. 

The lower digestibility of stem and dead material present in the lower sward horizons is 

often used to explain the reduced intake by animals forced to graze to a low post-grazing 

past u re mass or offered low pasture a l lowance. The correct explanation is that the 

increased difficulty of harvesting pasture depresses intake (Pappi et at , 1 987). In practice, 

however, digestibi l ity must remain as the major measure of pasture 'quality'. This is 

because of its influence on the MID value of forage. However, digestibility may not be quite 

as important in the control of intake of both silage (Wilkins et al . ,  1 971 ; Gil l  et a!., 1 988) and 

past u re herbage (Forbes ,  1 986 ;  Pappi et a I . ,  1 987) as previously thought. Rather, 

d igestibility is a function of the same components that influence intake, i.e. , rate of digestion 

or degradation and rate of passage of ingested herbage out of the reticula-rumen (Pappi et 

a I . ,  1 98 1 a, 1 987; Thomas and Chamberlain, 1 990) . 

Physical distention mechanisms of intake control are usually considered in terms of level of 

rumen fi l l  and the rate of disappearance of digesta. In the early stages of defoliation of a 

t ropical sward cattle were able to compensate ful ly for the removal of rumen contents 

(Chacon and Stobbs, 1 976) , which suggests that rumen fill was l imiting herbage intake. On 

high herbage mass temperate swards, rumen fill limited the intake of grass but not legume 

by lambs, which stopped grazing at a level of fil l  approximately 25% lower than their grass 

fed contemporaries (Thornton and Minson, 1 973; Thomson et aI . ,  1 985; Cruickshank, 1 986). 

R u men digesta load is positively related to the difference between the capacity of the animal 

to use energy and the energy supplied from the diet, or the energy deficit of the animal 

(Weston ,  1 985; Gherardi and B lack,  1 989). A lthough this may explain the difference in 

digesta load and intake between the legume and grass fed lambs cited above, considering 

that legumes have a higher MID value than grass, it questions the view that animals stop 

g razing when the rumen is ful l .  It also questions the basis of the physical regulation concept 

for control l ing pasture intake. Besides, the inability of the legume fed lambs to increase 

intake to the stage when rumen fi l l became limiting, and their reported failure to grow to their 

genetic potential suggest a shortage of chemical nutrients or imbalance of metabolites 

supplied to and utilized by the tissues (metabolic control). 
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M etabolic and physiological aspects of intake regulation have been the subject of extensive 

reviews (Bell, 1 971 ; Bines, 1 971 ; Forbes, 1 971 , 1 986, 1 988b; De Jong, 1 986; Hogan � aI . ,  

1 987; Weston and Poppi, 1 987; Baile et aI. , 1 988; Thomas and Chamberlain, 1 990), and will 

not be reviewed here. However, it appears l ikely that protein quality (amino acid balance 

and degradabil ity) and/or quantity is limiting both intake and production of lambs fed fresh 

forage,  even pure legume (Barry, 1 976; Poppi, 1 990), of beef cattle (Vadiveloo and Holmes, 

1 979), and of dairy cows (Clark, 1 975; Oldham, 1 984; Chamberlain, et aI . ,  1 989; Thomas 

and Chamberlain ,  1 990).  The most probable explanation is the amount of undegraded 

dietary nitrogen reaching the duodenum. The response in ME intake by dairy cows for each 

increment of 1 09 CP/kg DM dietary protein concentration was estimated to be 4-5 MJ ME 

for  rat ions based on g rass si lage, and 7-8 MJ ME for rations based on maize silage 

(Oldham, 1 984). The range of dietary protein concentrations was from about 1 00 to 1 60g 

CP/kg DM (ibid). Deficiencies in dietary protein for dairy cows grazing temperate pastures 

especially in early lactation ,  have also been demonstrated (Rogers et a I . ,  1 979, 1 980; 

M inson, 1 981 c; Thomson, et aI . ,  1 984) . 

There is very limited data from New Zealand and elsewhere on the effects of source, form 

and quantity of dietary N on the voluntary feed intake and productivity of dairy cattle grazing 

temperate pastures as a sole source of dietary energy. This is particularly so for cows 

producing 20 kg of milk or more daily (Brookes, 1 982; Bryant and Trigg, 1 982; Holmes and 

Wilson, 1 984; .Leaver, 1 985) .  A similar observation can be made with beef cattle with a high 

growth rate potential on pasture (Mayne, 1 991 ) .  With silage based rations, big increases of 

mi lk  production have also been observed in the absence of increases of silage intake 

following protein supplementation of between 1 20 to 240g CP/kg concentrate DM (Girdler et 

aI . ,  1 988; Beever et aI . ,  1 99 1 ) . But in most reports much of the increased milk production 

can be explained by the extra M E  supply from the increased digestibility and voluntary 

intake of silage (Oldham, 1 984; Chamberlain et aI. , 1 989). 

On the other hand, protein supplementation of dairy cows on temperate pastures has not 

consistently increased milk and/or milk solids production (Castle et aI . ,  1 979; Jennings and 

Holmes, 1 983, 1 984). Where increases in production were observed, they were associated 

with increases in efficiency of utilization of nutrients, e.g. ,  more amino acids reaching the 

intestines, or with differences in the extent tissue was used for milk production, but not to 

increased pasture intake (Le Du and Newberry, 1 980; Rogers et aI., 1 980; Minson, 1 981 c; 

T.E.  Trigg,  cited by B ryant and Trigg, 1 982) .  In other studies where casein was infused 

abomasally in lactating dairy cows, resultant increases in mi lk and protein yields were not 

associated with i ncreases i n  the efficiency of nutrient uti l ization or partitioning  for mi lk 
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production (Clark, 1 975). Protein supplementation of dairy cows on temperate pasture that 

provides ample rumen degradable nitrogen, the source of N, and timing of supplementation 

in relation to the physiological state of cows and pasture variables, need more research. 

Mycotoxins ,  secondary compounds s uch  as tann ins ,  which at h igh  concentrations 

precipitate microbial CHO-degrading enzymes and cellulases (Barry and Blaney, 1 987), and 

intestinal parasites ingested by grazing animals (Sykes, 1 987) are also likely to inhibit intake 

via metabolic pathways. However, the extent of such inhibition is unknown. On the other 

hand, condensed tannins (CT) in Lo t u s  peduncu l a t u s  (a legume) when fed to sheep in 

low concentrations (20 to 30g CT/kg DM) have been shown to improve feed intake, 

liveweight gain and wool growth. Such improvements in production are due to the ability of 

CT to bind plant proteins during mastication thus protecting them (within pH range 3.5 - 7.0) 

from degradation in the rumen (Barry and Blaney, 1 987; Wag horn et aI . ,  1 987) . Beneficial 

effects for dairy cows at pasture, in terms of feed intake and milkfat production , of feeding 

condensed tannins have yet to be demonstrated. 

It has become increasingly obvious that there is no simple single factor which controls 

herbage intake,  even where sward conditions are considered non-limit ing. I n  these 

circumstances control of intake is probably a combination of physical ,  metabolic and 

physiological factors (Forbes, 1 988b). It is well accepted that the central nervous system 

coordinates behavioural responses and physiological functions such that energy balance is 

maintained, but little is known about the specific sites or neurotransmitters involved in these 

functions in the dairy cow. A dual brain control mechanism has been proposed where the 

first centre would integrate signals related to eating, ruminating and resting; and the second, 

visceral information related to products of digestion, satiety, body temperature and health 

status (Forbes, 1 980; Della-Fera and Baile, 1 985). Each centre would summate positive 

and negative signals until critical or threshold levels were reached when appropriate action 

would be taken. This dual centre concept of control where centre one has precedence over 

two has not been critically assessed because of insufficient data. 

I n  summary, at low herbage masses sward-induced modification of g razing behaviour 

ap
'
pears to control intake. However, when sward characteristics are presumably not limiting 

intake, metabolic and/or physical mechanisms predominate. 

2.4.3 Influence of sward characteristics and herbage allowance on intake 

Herbage intake in a grazing situation can be partitioned into its behavioural components, 
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which represent the final compromise between the animal's grazing strategy. nutrient 

demand and changing pasture characteristics (Hancock, 1 952; Spedding � aI . ,  1 966; AHden 

and Whittaker, 1 970; Figure 2.4) .  The components of ingestive behaviour that determine 

intake (Hancock, 1 952) are the weight of herbage harvested per bite ( lB) ,  the rate of biting 

or bites per unit time (RB) and total grazing time (GT). Thus intake (I) over a 24 hr period is 

a product of the time spent grazing and the rate of herbage intake during grazing, and is 

expressed as follows: 

1 =  I B x RB x GT 

Some values of the components of ingestive behaviour for cattle feeding on pasture are 

presented in Table 2.1 , whi le recent reviews by Hodgson ( 1 985a, 1 986), and Mayne and 

Wright ( 1 988) cover most aspects of ingestive behaviour. The rate of intake can refer e ither 

to I/GT or IB x RB,  depending on the method of measurement. 

I ntake per bite (bite size), biting rate and grazing activity are usually interrelated although 

herbage intake can be influenced by variations in any of these parameters, which in turn are 

influenced by variations in sward conditions - particularly sward height (Penning, 1 985; 

Hughes et aI. , 1 991 ; Mitchell et a I . ,  1 991 ). IB is the most critical factor influenced by sward 

structure that determines intake (Hodgson, 1 981 ; Leaver, 1 986) . The present review will 

now consider the inf luence of sward characteristics on the components of ingestive 

behaviour and herbage intake. 

2.4.3.1 Herbage mass 

P re-gazing mass 

Dry matter intake by lactating cows grazing temperate pasture is not affected consistently 

by pre-grazing herbage mass (PHM) in the range of 2 to 4t DM/ha when pasture allowance 

is constant (Holmes, 1 987b; Mayne and Wright, 1 988). In some studies intakes of lactating 

cows were not influenced by PHM in the range 1 400 to 4800 kg DM/ha (Bryant, 1 980, 1 983; 

Bryant and Cook, 1 980; M eijs, 1 983) ; and neither were those of young cattle (Hodgson, 

1 977) and dry cows (Holmes et aI., 1 979) grazing a range of temperate pastures. In other 

studies intake of catt le i ncreased with increasing PHM under both set stocking and 

intermittent grazing (Jamieson and Hodgson, 1 979b; Bryant and Trigg, 1 982; Stockdale and 

King, 1 983; Forbes and Hodgson,  1 985; Stockdale, 1 985a; Stakelum, 1 986). Conversely, 

d ecreases in herbag e  i ntake with increasing herbage mass have been observed by 
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C o mb elfas a n d  Hodgson {1 979} with lactating cows (PHM of  1 .8-5 .8t OM/hal. by Hodgson 

et a! .  ( 1 977) with calves , and by Reardon (1 977) and Bartholomew et af .  ( 1 98 1 )  with beef 

cattle . both at set stocking and intermittent grazing. 

Table 2.1 Some values for important components of  ingestive behavio u r  for non-lactating 

d airy cows g razing on pasture with high or mediu m h erbage mass (A.W. Dine and C.W. 

Holmes. u npublis hed data) .. 

Pregrazing herbage mass 
High Medium 

Pq::Qra�ing H!i1rggge Qhi'lr1H;t�ri�tic;;i 

Mass(Kg DM/ha) 3850 2400 I 
Hei ght(em ) 2 1  1 2  I 

Density 180 2 1 0  I (kg OM/ha per em height) 

Qim�n§ions of bites I 
Depth{cm) I 1 3. 0  5. 5 
Area(em2) 73 89 

Volume(cm1) 940 490 I 
Weight(g) 1 .6 1 .0 

Rate(bite/min) 37 53 
Bi'lt!i:� Qf Intake 

9 OM/min 60 55 
Kg O M/hour 3.6 3.3 

In view of the many interacting sward and animal factors that influence the herbage intake of 

t h e  g razing cow. several attempts have been made to deriv e  intake p re diction equations \ 
b a s e d  o n  mul t ip le  reg re s s io n  analysis {Curran and Holme s, 1 970; Stockda!e, 1 985a, b ;  

C a i rd a n d  Holmes. 1 98 6 ;  Forbes. 1 988a} .  The prediction equation derived b y  Caird and 

Holme s  ( 1 986) indicated that for rotationally grazed cows,  total o rganic matter intake was 

p osit iv e l y  correlated with milk y ield. mean Iiveweight. concentrate intake and h e rbage 

a l lowance ; a n d  negatively correlated with herbage mass. But the 
,
equation proposed by 

S tockd a l e  ( 1 9 8 5 b )  s ho w e d  that pasture intake was p o sit iv e ly inf lu e nced by pasture 
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allowance, amount of pasture on offer ( intake rose by 1 .1 kg O M/cow for each 1 t  DM/ha 

i ncrease i n  P H M )  and its d igestibi l ity ,  and was not consistently related to botanical 

composition ( r=-0.01 to 0.04). Even then, intakes tended to be g reater on ryegrass than 

paspalum dominant pastures. The contradiction in the effect of PHM on intake in the intake 

prediction equations cited above may be partly explained by the confounded effects of 

substitution of concentrates for herbage intake, and manifested by a reduction in grazing 

t ime (Leaver, 1 986; Mayne ,  1 99 1 ) ;  and the decrease in the digestibility of herbage with 

increasing mass. 

Dry matter intake by sheep g enerally shows a positive relationship with increasing PHM 

both for rotationally and set stocked swards (Jagusch et aI . ,  1 979; Bircham,  1 981 ; Rattray et 

aI . ,  1 9 82a; Rattray and Clark, 1 984). However, in some studies d ry  matter intake of lambs 

(Jagusch et aI . ,  1 979) and ewes (Rattray et §I., 1 982b; Burlison et aI . ,  1 99 1 )  was not always 

influenced by PHM. This was attributed to small changes in herbage d igestibi l ity and 

proportion of g reen materia l with increasing mass, although intakes were depressed by 

declining masses of green leaf in the grazed horizon. 

Daily herbage intake usually increases at a progressively decreasing rate as the available 

herbage mass per unit area increases, and declines at an i ncreasing rate below a critical 

mass (Hodgson, 1 977; Figure 2.5). However, the critical herbage mass below which intake 

declines has been reported to vary over a two-fold range for young cattle grazing temperate 

pastu res ( 1 1 00-2800 kg DM/ha) (ibid). Such  a large variation may be a reflection of the 

inability of PHM to represent the diversity of either structural or compositional presentations 

of pasture commonly encountered. Besides, with set-stocking herbage mass remains 

'constant' over 24 hours, and its effect on intake per day, probably via bite size, may not be 

as important as with rotational grazing .  With rotational grazing herbage mass decreases 

rapidly during the grazing p eriod, so does rate of intake. Thus, herbage mass averaged 

over  the grazing period may probably be the important determinant of intake per day. 

I n  g eneral ,  as sward herbage mass decreases intake per bite decreases and biting rate 

increases, although this latter  effect may not be a direct compensatory mechanism (A l lden 

and Whittaker, 1 970; Stobbs,  1 973a; Chacon and Stobbs, 1 976;  Forbes and Hodgson, 

1 985) . Nevertheless, on h igh mass swards a combination of these two effects tends to 

m ai nta in  intake, b ut as h e rbage mass decl ines any increase i n  b it i ng  rate wi l l  not 

compensate for the reduction in intake per bite (Chacon and Stobbs, 1 976; Penning, 1 986). 

With grazing dairy cows there is probably a limit on biting rate of 60-70 per minute (36,000 -

40,000 bites/day) (Phil l ips and Leaver, 1 985b, 1 986a). Biting rate tends to decrease as 
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herbage mass declines below a critical level (AI/den and Whittaker, 1 970; H odgson, 1 98 1 ) ,  

a n d  a t  h ig h  herbage masses (> 5 t  OM/ha; Combellas and Hodgson , 1 979; Hodgson and 

Jamieson, 1 98 1 ) .  because of increased 'chewing/swallowing' movements (A.W. O ine and 

C.W. Holmes, unpublished data, Table 2 . 1 ) .  Further, the ability of lactating cows to i ncrease 

grazing time beyond 1 0  hrs/day to compensate for reduced intake rate appears to be limited 

(Stockdale and King, 1 983; Hoogendoorn, 1 986; Phillips and Leaver, 1 986b). 

I nconsistencies in the effects of P H M  on feed i ntake by grazing dairy cows may reflect, 

partly, the failure to distinguish betwee n  set-stocking a nd rotational g razin g ,  and d ifferences 

in the rate of change in sward structure during grazing. The inconsistencies may also be a 

resu lt of the confounding effects of concomitant changes in the structure and composition of 

the grazed sward horizon and/or the whole sward, and changes in the n utritive value of the 

h e rbage consumed. Nutritive value here refers to digestibility, wh ich may decrease with 

i ncreasing PHM (Stockdale and King , 1 980; Hoogendoorn, 1 986). For example, Stockdale 

and King ( 1 980) reported a 2.7 % units d ecrease of OMO per 1 t  OM/ha increase in PHM. I n  

temperate swards in a vegetative state the upper horizons consist mainly of live leaf of h igh 

digestibility (L' H uillier et aI. ,  1 986) . The lower horizons contain progressively less leaf and 

more pseudostem and dead material ,  the proportions of which vary with season - such that 

the percentage of leaf is lower and that of stem and dead material is higher in summer than 

in winter and spring (Hoogendoorn, 1 986; Ryan, 1 986) . At similar P H M  digestibility is also 

l o w e r  i n  summer t han spri n g  ( ib id ) .  Thus P H M  or standing OM fai l s  to reflect t h e  

h e t e ro g e ne ity o f  pasture espec i a l ly i n  t h e  g razed horiz o n ,  a n d  t h e  eff ects o f  t h is 

heterogeneity on the bite size and the composition of the diet ingestion .  

It  is likely, therefore, that in some o f  t h e  extreme examples o f  an asymptotic relationship 

between herbage mass and intake there is a progressive decline in herbage digestibility with 

increased mass. This wou l d  tend to l imit artificially the response to variations in mass 

alone.  Furthermore, with rotational grazing herbage al lowance is often confounded with 

herbage mass present, and it has been suggested that the effect of herbage mass on intake 

is dependent on herbage a llowance (Jamieson and Hodgson , 1 9 79a) . The effects of 

h e rbag e  allowance on intake, which are directly relevant to rotational grazing but indirectly 

relevant to set-stocking, seem to b e  greater than those of herbage mass (Combellas and 

Hodgson, 1 979; Stockdale, 1 985b; Hoogendoorn, 1 986; also see Section 2.4 .3.4). 

Post-graZing mass 

The association between post-grazing or residual herbage mass (RHM) and pasture intake 
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by dairy cows, which is  only d irectly applicable to rotational g razing, has recently been 

summarized by Holmes (1 987b). In the short term there is a positive relationship between 

R H M  a nd feed i ntake (Stockdale, 1 985a; Figure 2.5), but there is considerable variation 

with in and between seasons. Stockdale (ibid) observed intake increases of 3.2 to 5.1  kg 

O M/cow dai ly for every ton OM increase in RHM; however RHM explained only 61  % of the 

variations in intake compared with 80% explained by herbage al lowance. Higher intakes in 

spring than summer have been reported at simi lar RHM (King and Stockdale, 1 984; 

Hoog e ndoorn , 1 986) . Although  reasons for th is d ifference are not c lear, the  h i gh  

concentrations o f  dead matter at t he  base of the sward common i n  summer/autumn pasture 

may be a contributory factor (King and Stockdale, 1 980; Thomson et aI . ,  1 984; Michell and 

Fulkerson ,  1 987). 

Post-grazing herbage  mass is dependent on pre-grazing h erbage mass and herbage 

a l lowance (King and Stockdale ,  1 980 ;  Stockdale a nd King , 1 980; Stockdale, 1 985a) . 

Therefore, the relationship between RHM and intake may be modified by pre-grazing 

pasture mass at a common herbage allowance. For example, with very short (low mass) 

swards a high herbage allowance and high RHM may not result in increased intake because 

of d ifficulties in prehending herbage,  and a reduction i n  intake per b ite . I n  a study by 

Hoogendoom (1 986) the intake of cows given a common herbage allowance of 'short' and 

' long' swards was s imilar despite a large difference (I t DM/ha) in post-grazing pasture 

mass. This was probably because of reduced 18 arising from reduced accessibility of the 

preferred herbage components of the 'tall' swards. 

I n  the long-term, high RHM may lead to lower intakes. This may be a result of declining 

pasture quality because of high concentrations of dead matter of low digestibility. Lower 

intakes may also be caused by decreases in the proportions of the prefered green herbage 

and in intake per bite, and by declining pasture growth rates and herbage availability. 

2.4.3.2 Sward height and bulk density 

Sward height 

Sward height (pre I post g razing) is positively correlated with herbage mass but tends to 

influence i ntake more consistently than  the latter. I ntake, under rotational or continuous 

g razing  management, usually increases with i ncreasing pre/post grazing sward surface 

height in  temperate swards (Allden and Whittaker, 1 970; Hodgson,  1 981 , 1 982; Burlison 

and Hodgson, 1 985) , although a decreased intake may be observed with particularly long 
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herbage (more than 40-45 cm extended sward height for ryegrass pasture) (Hodgson et al . .  
1 977; Hodgson, 1 982; Figure 2 .5) . 

If the extended height of the sward is measured, t hen the relationship between intake and 
sward height may be quadratic, with i ntake declining on either side of an optimum extended 

height (Hughes, 1 983). This is presumed to be due to increased difficulty in prehending and 

severing both excessively long and short swards. 

Post grazing sward surface height below which intake decreases, irrespective of allowance 

or stocking rate, has been reported to vary between 6 and 8 cm (Le Du et aI . ,  1 979; Baker 

.§! aI . ,  1 981 a; Mayne et aI. , 1 988; Stakelum and Dillon, 1 99 1 )  or 8 to 1 2  cm (Mayne .§! aI. ,  

1 987; Mayne and Wright, 1 988; Stakelum and Dil lon, 1 99 1 )  for lactating cows on rotational 

grazing in early to mid season. For continuously g razed swards the critical post grazing 

sward surface height below which intake declines is estimated to be 6 to 8 cm (Le Du et aI . ,  
1 979;  Baker et aI . ,  1 981 b) for lactating cows and 7 to 1 0  cm for beef cows (Nico! et aI . ,  

1 976; Wright and Whyte, 1 989). 

The large variation in the critical residual sward height (below which intake starts to decline) 

may be attributable to differences in pre-grazing pasture mass (or height) between or within 

experiments and the inverse relationships between the two and organic matter digestibility 

of the grazing horizon (Stakelum and Dillon, 1 991 ). The variation may be caused also by 

environmental conditions (Mayne et a! . ,  1 987, 1 988), and technique of measuring sward 

he ight ,  e .g . ,  extended t i l ler height or  sward surface height by the first contact technique 

(Bircham, 1 98 1 ), or sward height using a rising plate meter (Holmes, 1 974). It may also be 

attributable to the genetic merit of the cows. Dairy cows of high genetic merit were shown 

to have a higher critical residual sward height below which intake and milk production start 

to decline than cows of lower production potential, (Mayne et aI . ,  1 987; Mayne and Wright, 

1 988) . This is because high yield ing cows may be more reluctant than low yielders to 

compensate for reduced IB on short swards by increasing grazing time (Mayne and Wright, 

1 988) .  At low sward heights hig h a nd low producing animals appear to have similar 

pasture intakes (ibid). 

There is a clear need for a standard technique and terminology for measurement of sward 

height if it is to be widely adopted as a practical on-farm assessment of grazing severity and 

level of feeding for dairy cows (see Gibb and Ridout, 1 986). Furthermore, the usefulness of 
sward height in  defining behavioural responses in rotational ly grazed swards is not clear. 

D ifferent relationships exist between height and intake in continuous and rotationally grazed 

swards, arising from d ifferences in tiller population and sward densities (Section 2.2 .2), and 

the influence of these on intake per bite (Mayne and Wright. 1 988). 
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The increase in intake with increasing sward surface height in temperate swards is due 

mainly to increased IB (Hodgson, 1 982). Burlison and Hodgson (1 985) noted a positive 

relationship between sward surface height and b ite volume, bite depth and bite weight. 

Milne et aI . , ( 1 982) found a positive l inear relationship between the depth of the grazed 

horizon and sward surface height. Higher intakes have been measured on spring swards 

compared to summer and autumn regrowth of similar digestibility and herbage mass, which 

may be due to the more erect spring swards with a deeper leaf layer encouraging greater 

depth and size of bite (Hodgson, 1 982). 

The RB and GT are also affected by sward surface height. The RB tends to decrease as 

sward surface height increases due, in part, to the greater ratio of manipulative to ingestive 

jaw movements (Chambers et aI . ,  1 98 1 ). Since the rate of total jaw movements remains 

relatively constant (Black and Kenny, 1 984; Penning, 1 988), the change in RB is probably a 

direct effect of sward conditions and not an adaptive behavioural response by the animal 

(Hodgson, 1 985a). The decline in RB with increasing sward height is more than offset by 

the simultaneous increase in IB (Hodgson, 1 981 ). The grazing time of cattle on a rotational 

graz ing syste m tends to increase with short versus long swards (Hancock. 1954; 

Hoogendoorn, 1 986; Stakelum and Dillon, 1 99 1 ) presumably in an attempt to compensate 

for decreased 18. Since the ability of the animal to make compensatory changes in GT to 

offset changes in IB  and/or RB is limited, intake usually declines with decreases in height 

(Phillips and Leaver, 1 986b). Reductions in intake of 1 5-20% were observed when cows 

were forced to graze down to a residual sward height of 5 cm under a rotational or 

continuous grazing management system (Le Du et aI. , 1 979; Ernst et aI., 1 980). 

Sward bulk density 

Where sward bulk density and sward surface height have not been varied independently in 

an experimental situation herbage intake appears to be insensitive to change in bulk density 

( Hodgson, 1 982). S ince sward surface height and bulk density are often negatively 

correlated, the apparent lack of response to changes in bulk density may simply reflect the 

inability to separate the dominant effect of sward surface height. However, most research 

on tropical pastures has found bulk density rather than height to be the major determinant of 

intake per bite, and hence total intake (Stobbs, 1 973a & b, 1 975b; Chacon and Stobbs, 

1 976; Hendricksen and Minson, 1 980; Ludlow et aI., 1 982). Generally, tropical pastures 

have a lower bulk density and higher stem:leaf ratio than temperate pastures (Mott. 1 983), 

and the nutritional differentiation between plant components in tropical pasture is larger 
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( M i n s o n ,  1 9 76, 1 9 8 1  a ;  H acker and M i nson, 1 98 1 ) .  This may explain t h e  positive 

relationship between bite size ( I B) and rate of biting (RB) on mature tropical swards as the 

animals soug ht to separate leaf from ste m  (Chacon and Stobbs, 1 976). 

W h e r e  sward s u rface h e i g h t  a n d  b u l k  d en sity of t e m p e rate past u re have varied 

independently, each was positively correlated with intake (Black and Kenny, 1 984; Hughes 

et aI . ,  1 99 1 ; Mitchell et a I . ,  1 99 1 ). Black and Kenny (ibid) found that the short-term rate of 
- - - -

intake was best described by bulk  density if he rbage mass was g reater than 1 00 0  kg 

OM/ha, while the rate of intake was best predicted by the mass per unit area covered by one 

bite. This study (ibid) was conducted with sheep housed in individual cages grazing artifical 

swards for very short ( 1 0 min) periods, and thus the relationships reported may not apply to 

grazing dairy cows over 24 hour days. 

I n  trials with caged sheep (Burlison and Hodgson, 1 985; Hughes et aI. ,  1 99 1 ;  M itchell et �L 

1 99 1 ). deer (Mitchell et al . ,  1 99 1 ),  and with steers and bulls grazing real swards (M ursan et 

a I . ,  1 9 89 )  w here a reasonable d issociation of swa rd surface height a nd density was 

achieved. sward surface height was found to have a greater influence than herbage density 

o n  s hort term bite weight, depth a nd volume. H eight had little or no effect on bite area, 

while bulk density had a moderate negative effect. M itchell et al. (1 99 1 ) found that, on the 

average , 1 00 %  increase in sward height or bulk density resulted in a 64 or 2 1 % increase, 

respectively , in bite weight; reflecting that bite volume increased in relation to height but 

decreased in relation to bulk density. Thus, with temperate ryegrass swards with 'average' 

densities, residual sward height, rather than sward density, remains the major determinant 

of b ite volume, bite weight, and tota l intake through its influence on bite depth (Stobbs, 

1 973a & b, 1 975b; Mitchell et aI . ,  1 99 1 ). 

2.4.3.3 Spatial distribution and digestibility of pasture herbage 

Spatial distribution of sward components 

The degree to which g razin g  ruminants can consume herbage with a digestibility h ig her than 

t he average of that on offer also influences daily herbage intake, and this will depend on the 

amount of herba g e  on offer and the botanical composition of the pasture (Stobbs, 1 977; 

Rattray and Clark. 1 984; Leaver, 1 985) .  Sheep and cattle often ingest a diet that differs 

considerably from the total composition of the diet on offer (Dudzinski and Arnold, 1 973; 

Hodgson,  1 977; L' H u il l ie r  et a I . ,  1 9 86).  T h e  d i et selected may be 3 - 1 0 %  higher i n  

digestibility than the average o f  t hat on offer depending o n  herbage allowance (Hodgson 
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and Jamieson ,  1 981 ; Le D u  et a I . ,  1 98 1 } .  Many reviews o f  diet selection b y  g razing 

ruminants have been published (Rattray and C lark, 1 984; Black, Kenny and Colebrook, 

1 987; Malechek and Balph, 1 987; Poppi et aI. , 1 987; Black, 1 990; Milne, 1 99 1 ). However, 

t here is considerable uncertainty whether g razing animals do select herbage to optimise 

m etabol i sab le  e nergy in take p e r  u n it t i m e  spent g razi n g .  Optimal foragi n g  a nd 

reinforcement theories, a nd their  role  in  diet selection were reviewed by Malechek and 

Balph ( 1 987) and M ilne (1 991 ) . The present review wil l  restrict itself to the relationships 

between the spatial distribution of sward components, the diet consumed and feed intake. 

The  extent to which the select ion for or against certain components in the sward is a 

deliberate process is confounded by their relative proportions and accessibility in the sward. 

Differences in shear strength of the d ifferent components, and peak bite force required to 

sever the herbage (Hendricksen and Minson, 1 980; Hughes, 1 983; Hughes 2! aI . ,  1 99 1 ) ; 

and the species of animals grazing the sward and their internal and external environment 

(e.g. ,  feeding drive, cold/heat stress, herbage contamination) (Wade and Le Du, 1 981 ; M ilne 

et a I . ,  1 982; Malechek and Balph,  1 987; Young, 1 987) also have an effect on the diet 

consumed .  

S ince the digestibility o f  p la nt t issue declines progressively with age, intake would be 

expected to decline progressively with i ncreasing h erbage maturity in  space and time. 

U nder g razing conditions, paral le l  changes in  the structure of the sward canopy (set

s t o ck i n g )  o r  of t h e  g razed  h o r i z o n  ( rotat i o n a l  g raz ing )  can i nf l u e nce  t h e  O M  

intake/digestibil ity relationship. Therefore, the ability o f  the grazing ruminant t o  prehend 

material for ingestion that is of d ifferent composition from the average of the herbage mass 

may not always be a positive selection. It may merely be a reflection of the d ifferences in 

the distribution of leaf and stem and of dead material through a vertical section of the sward 

(Hodgson ,  1 985a; Kenny and Black,  1 986; Black et &, 1 989) . Consequent ly,  the 

digestibility of the diet ingested may differ from that of the herbage on offer, but this may not 

influence intake. Digestibility of pasture declines as the content of dead material and stem 

increases. The spatial distribution of these components and their proportions in the sward 

may mediate the diet digestibility/intake relationship through their effects on rate of bite, bite 

d�pth and intake per bite (Mursan et aI. , 1 989; Hughes, & aI. ,  1 991 ; Mitchell et aI . ,  1 99 1 ) .  

In  vegetative temperate swards the  upper horizons consist main ly of  l ive leaf of  h ig h  

d igestibility, while  the lower horizons contain  progressively more pseudostem and dead 

material of lower digestibility (Hodgson, 1 985a; Hoogendoorn, 1 986; L'Huil l ier et aI . ,  1 986) . 

The proportions and digestibility of these components in the sward horizons are significantly 
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influenced by both grazing intensity and/or frequency and season (Hoogendoorn ,  1986); 

and the differences become progressively smaller as the sward is grazed more intensely 

particularly under conditions of low herbage allowance (Hodgson,  1982; Stakelum and 

Dillon, 1991). 

Cattle generally graze in the upper more accessible layers of a pasture such that the diet 

eaten, i.e., greater proportions of leaf and clover and lesser proportions of stem and dead 

material than the herbage on offer, is similar in composition to the upper horizons of the 

sward canopy (Forbes, 1982; Hodgson, 1982). This may partly explain the greater short 

term intakes achieved by animals offered a generous rather than a restricted herbage 

allowance (Kenny and Black, 1986). 

Although animals are reported to graze indiscriminantly in the leafy upper horizons of 

temperate swards, probably because they contain very little dead matter (Milne, et aI . ,  

1982),  sheep appear to  graze where leaf is predominant irrespective of the horizon's 

position in the sward and herbage allowance (L'Huillier et aI. ,  1986; Black et aI . ,  1989). 

Conversely, the lower horizons of pasture containing pseudostem and dead matter are quite 

readily grazed by lactating dairy cattle, especially under restricted feeding (Forbes and 

Hodgson, 1985; Stakelum and Dillon ,  1991). Nonetheless, an appreciation of the spatial 

distribution of the various components in the sward canopy is important if the interpretation 

of any differences between the composition of the sward, the diet of the grazing animal, and 

amount ingested is to be attempted (Hodgson, 1985b). 

Much of the research attempting to relate behavioural components of grazing to intake has 

been done under rather  artificial conditions using sheep or young ruminants. The 

behavioural components of intake are usually monitored over very short periods of time, and 

these results tend to be extrapolated to a longer term basis. The applicability of results 

obtained in this manner to the likely effects of sward chacteristics and composition on the 

ingestive behaviour of high producing dairy cows is uncertain. This problem is even more 

acute where non-traditional or newer, less dense pasture species or cultivars, e.g. , tall 

fescue and prairie grass, are incorporated in a dairy farming system. Undoubtedly, it would 

be very difficult to study the relationships between pasture intake and sward variables under 

conditions whereby gross sward characteristics, nutrient concentrations, digestibility, plant 

defense mechanisms, and pasture allowance are varied independently. Nevertheless, the 

need for such research does remain. Such knowledge would help in the breeding and 

management of pasture plants so as to maximize dry matter intakes in relation to specific 

animal requirements and production levels, and to improve the accuracy of feed budgets. 
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Digestibility of herbage 

There are several factors influencing the digestibility of the herbage on offer, none of which 

has a clearly defined effect on intake (Sections 2 .3 . 1 .3 ,  2 .4 . 1  and 2.4.2), but collectively 

they have a major effect on  the amount of pasture that a cow will eat. Digestibility per se 

does not consistently influence the dry matter intake of dairy cows at pasture when herbage 

a l lowance is constant and restricted (Stockdale,  1 985a; Poppi et a I . ,  1 987), but it may 

influence i ntake if herbage allowance is very generous and un limiting. There is very little 

experimental evidence for this however, and such observations contradict earlier reports, 

which indicated that herbage intake by cattle in both indoor (Hutton, 1 962; Hodgson, 1 977) 

and grazing situations (Stehr and Kirchgessner, 1 976; Hodgson et a!. 1 977; Combe lias and 

Hodgson, 1 979) was linearly related to its organic matter digestibility of up to 82%. 

Conrad et al. ( 1 964) analysed a large volume of data from digestion trials with m ixed 

roughage/concentrate d iets (not pasture herbage) and observed that the relationship 

between voluntary intake of dry matter and digestibility was l inear up to 67% DMO for low 

producing cows or 70% DMO for h igh producers, but declined after that. However, with high 

digestibility feeds digestible energy intake tended to remain constant despite the decrease 

in OMI ,  since the decrease in DMI  was offset by higher concentrations of digestible energy 

of the diet. Conrad et al. ( 1 964) concluded that feed intake is controlled mainly by physical 

means up to 67-70% D M O  beyond which metabolic controls (energy deficits) become 

important. Earlier and subsequent studies showed that with cattle (milking cows and calves) 

at pasture the relationship between voluntary organic matter intake (OMI )  and digestibil ity 

was linear up to 80-82% OMD (Stehr and Kirchgessner, 1 976; Hodgson et aI . ,  1 977; Figure 

2 .6) .  D ifferences in digestibility of pasture in the studies cited (ibid, Figure 2 .6) may have 

been confounded by differences in time and stage of lactation. Nonetheless, results from 

these d igestibi l ity/intake studies (Conrad et a I . ,  1 964;  Stehr and Kirchgessner, 1 976; 

Hodgson e1 aI . ,  1 977) showed that non-physical factors limiting intake come into operation 

at lower digestibility values with grain-based diets and at higher values with pasture alone; 

and that the higher the energy requirements the higher the digestibility above which intake 

was controlled metabolically. However, the point at which metabolic and physical factors 

diverg e  i n  controll ing intake, i .e . ,  the point of inflection of the intake/digestibility curve, is 

lower the faster the rate of disappearance of food from the digestive tract (Forbes, 1 986). 

For dai ry cows at pasture no data could be found to i llustrate the intake/d igestibi l ity 

relationship after linearity ceases. 
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Figu re 2.6 The re lationship b e tween herbage intake and the digestibility of the herbage 
se l ected;  a comparison of published evidence (tropical swards •••• ; temperate swards --) .  
Refere nc e s  as follows : 1 ,  El l io tt e t .§!l. ( 1 9 6 1 ) ;  2, Topps ( 1 9 69);  3, 8 (primary growth) . 9 
(secondary g rowth) . & 1 0  (late secondary growth) , Hodgson et al. (1 9 77) ; 4, Corbett et aL 
( 1 9 63) ; 5, Hodgson ( 1 9 68) ; 6 ,  Ho!mes et aL ( 1 972) ; 7, S tehr & Kirchgessner ( 1 976) . 

The h erbage digest ibi l ity/intake re lation sh ips reported by Stehr and Kirchgessner ( 1 9 76) 

and Hodgson e t  al. ( 1 9 77) were for herbage cut to 2 cm above ground level , or the extrusa 

O M O .  The digest ibi l i ty/inta k e  re l ationship for  pasture sampled a t  g round level may be 

differe n t .  Furth ermo re , h e rbage a l lowance in the two reports ( ib id) ,  although generous 

(>twice intake) , was h e ld constant on ly in the studies of Hodgson et §1 ( 1 977). In the s ame 

experiments (ibid) , pregrazing herbage mass ,  % gree n  matter, and extended sward height, 

which a re intercorrelated , were not contro lled. These variables and % OM O explained 93% 

of t h e  variatio n in OM intak e , and their confo unding effects on the OM D/intake re lationsh ip 

c a n  not be discou nted.  

S imilarly, in  the study of Stehr  and Kirchgessner ( 1 976) herbage allowance and OM O jointly 

explained 6 6% of the variat io n  in OM!. I n  this experiment some conce ntrates we re fed. The 

a ssociative a nd substitution effects of  these o n  h e rb ag e  digestibility and intake, b esides 

o t h e r  s w a rd variables t h a t  were not held constant, may have c o nfounded the h e rbage 

intake/d i g e s tibi l ity relat io ns h ip .  I n  the experiments of Stehr and Kirchgessner (ibid) and 

Hodgs o n  e t  .&. ( 1 9 77) neither the conce ntration o f  protein in the he rbage nor its digestibility 

w e re correlated to herbage intake. However, in most experiments with grazing dairy cows, 
\ 

t h e  re lationship between he rbage d igest ibility and intake has not been consistent (Curra n  

a nd H o l m e s ,  1 9 70 ; B ry a n t .  1 980b.  1 983 ; B ryant and Trigg, 1 982;  Stockdale. 1 985a, b ;  

H o o g e n d o o r n .  1 98 6 ;  H o o g e n d o o r n  e t  .§l. ,  1 9 8 7 :  L'Hu illie r. 1 98 7 c) . In  th e s t u d i e s  

s u mma rised by Stockdale (ibid) a s ignificant increase i n  dry matter intake (OMI) of lactating 

cows o n  irrigated temperate pasture. which was associated with an increase in the DMO o f  

t h e  h e rb a g e ,  was d e mo n s t ra t ed in o n ly one out  o f  t h e  eight exp e riments. In th is  o n e  
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experiment t h e  O M O  range of t h e  herbage on offer was 62-72% ,  and the dai ly herbage 

a llowance (21 kg OM/cow) was moderate. 

I n  N ew Zealand, Bryant and Cook (1 980), Bryant (1 983) and Bryant and L'Huil l ier  (1 986) 

reported that herbage i ntake by lactating cows grazing spring pasture was not appreciably 

influenced by its d igestibi l ity between O MO values of 74-78%. Similarly, OMI by milking 

cows on summer pastures increased with increas i n g  h e rbage al lowance but not with 

i ncreasin g  O M O  over t h e  ran g e  64 to 74% ( B ryant , 1 980;  B ryant and T ri g g ,  1 9 82; 

Hoogendoorn � aI.,  1 985; L'Huil lier, 1 987c). However, milkfat production ( kg/cow daily) 

increased with increasing OMO of summer pasture, p robably because of increased intake of 

digestible nutrients (Hoogendoorn et aI. ,  1 985; L'Huil lier, 1 987c).  Munro and Walters (1 986) 

concluded in a recent review that for dairy cows at pasture the relationship between i ntake 

and digestibility may not exist above OOMD (digestible organic matter in the dry matter) 

values of 0.70.  Also in a recent study with sheep fed fresh forage i ndoors with a DMD 

range of 0.67 to 0.77 , voluntary i ntake showed low a nd non-significant correlations with 

chemical composition and digestibility (John and Ulyatt, 1 987). 

Thus t h e  relationship between diet digestibi lity and intake is not a simple one, because 

different plant species or components can differ in their rate of digestion, h ence intake, at 

similar levels of digestibility. However, the digestibil ity of herbage does certainly influence 

t he intake of d igest ible n ut rients (U lyatt, 1 98 1  a) .  With dried forages voluntary intake is 

u s ua l ly w e l l  c orre lated with d i g est ibi l i ty and c h em ical composit ion ( M i n son ,  1 9 82) . 

D ig estibility, as stated earlier, exerts its influence on herbage intake mainly t hrough the rate 

of d isappearance of digesta from the reticulo-rumen (Thornton and M inson, 1 973). 

For example. at similar levels of d igestibil ity the legumes have lower ratios of structural 

carbohydrates to cell contents and of hemicellulose to cellulose than the grasses (Osbourn, 

1 980) . So both the rate of digestion and t he amount eaten are usually higher in legumes 

than grasses, which normal ly have longer rumen retention times (Laredo and M inson, 1 973; 

Ulyatt, 1 98 1 a ,  b). Legumes were also found to have a higher packing density in t he rumen 

than grasses, which enables h igher intakes of legumes than g rasses before rumen fil l  

becomes limiting (Thornton and M inson, 1 973). 

S i m i la rly wit hi n  g rasses, part icula rly of t ropica l o ri g i n ,  t h ere are differe nces in intake 

between species, and between varieties within species at similar digestibility (Minson,  1 971 , 

1 972;  U lyatt ,  1 973; M u n ro and Walters, 1 986). A lso i n  a n  experimental situation, diets 

consisting largely of separated plant stems were eaten in much smaller quantities t han diets 
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of leaves of similar digestibility, because the structure of the stems means that they are 

d igested more s lowly resulting in a longer rumen retention time (Minso n ,  1 972 , 1 983; 

Laredo and Minson, 1 973; Poppi et aI . ,  1 980; Cruickshank, Poppi and Sykes, 1 985) .  For 

t ropical g rasses, differences in i ntake between species of simi lar digestib ility are not 

explained by differences in the proportion of leaf, and the difference in intake between leaf 

and stem is much larger than for temperate grasses (Minson, 1 98 1 a, 1 987) . 

The shorter retention time of leaf was associated with a larger surface area, lower grinding 

energy ,  lower density, a n  apparent h igher  rat e  of digestion (degradation) of neutral 

detergent fiber (NDF) in vivo, and a h igher rate of passage of NDF from the rumen (Poppi et 

aI . ,  1 981 a). The shorter retention time was not caused by differences in the level of cel l 

contents measured as the concentration of pepsin�soluble dry matter (Minson, 1 981 a). The 

retention time of large particles in  the rumen was found to have no effect on the rate of 

passage of digesta from the rumen, whereas the retention time of small particles « 1 . 1 8  

mm) ,  also dependent o n  water  f low from the rumen,  was the most important factor 

influencing dry matter intake (Poppi et aI . ,  1 981 b) .  

2.4.3.4 Herbage allowance and water content 

Herbage a llowance 

Herbage or pasture allowance is the weight of herbage made available (kg OM) per animal 

per day (or more precisely the weight of OM or OM measured to ground level per unit of 

animal liveweight (glkg) per day) (Hodgson, 1 975) . Pasture allowance and its estimation 

are most relevant under rotational grazing management, but are also important under set� 

stocking or continuous grazing systems. I n  New Zealand, pasture allowance is probably the 

most important single factor influencing differences in production per animal between farms, 

between years, and between stocking rates (Rattray and Jagusch, 1 978; Holmes, 1 987b) . 

The amount of herbage on offer daily to the grazing animal is generally accepted as a major 

factor influencing herbage intake (Leaver, 1 976) , although g reen leaf allowance may be a 

better predictor of int9ke because it i nc ludes some effects of differences i n  pasture 

composition (Holmes and Macmil lan, 1 982; Rattray and Clark, 1 984; Hoogendoorn, 1 986; 

Butler et a I . ,  1 987) . The importance of pasture allowance in influencing herbage intake has 

been demonstrated on many occasions both for lactating dairy cows (Bryant and Trigg, 

1 979; Bryant, 1 980; G lassey et aI . ,  1 980, Meijs, 1 983; M itchell, 1 985; Stockdale, 1 985a) and 

for dry cows (Bryant, 1 978; Holmes et aI . ,  1 979). 
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Fig ure 2 . 7  R e latio n betw e e n  ( a )  pasture a l lowance, (b) season. a n d  he rbage intake by 
g razing d a iry c ow s .  (Adapted fro m H o l m e s  & Wilson, 1 984 ( Figure 2.7a) ; and Hol mes, 
1 98 7b ( Figure 2 .7b) ) .  

The rel atio nship b etween herbage allowance and herbage intake i s  curvilinear (Combellas 

and Hodgson. 1 979 ; Le Ou et aI., 1 979; Figures 2 .4 & 2.7). When less herbage is offered 

than t h e  a n im a l  is exp ected to consume, increasing incre ments in herbage allowance are 

l ike l y  to r e s u lt in i n c re m e n t s  o f  a l m o s t  equ a l  magnitude in herbage consumed. As 

a l l owance is  i ncreased,  further response is  l ikely to became progressively small e r  and a 

po int is reached beyond w hich furth e r  increme nts have no effect on gross intake o r  milk 

produ ct ion .  Fo r e x a mp l e ,  Stockda l e  ( 1 985b) repo rted increases in daily OM! of  0.35 kg 
\ 

decl ining t o  0 . 1 5  kg for every additio nal kg O M  o f  pasture herbage offered to a cow; the 

great e r  partial regression coefficient being a ssociated with the smaller herbage aHowance. 

Whe n  h e rbage a llowance increases.  and provide d  the swards are not too short, then the 

qua ntity o f  ava i l a b l e  h e rbage b ec o m e s  u n l imit ing, but other factors, e .g. ,  digestibility or 

animal factors, become limiting to intake (Section 2.4.2, Figures 2.4 & 2.6). In the lactating 

cow, t h e  increased O M I  may cause incre a s e d  milk yield. increased gain in liveweight or 
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both. The extent to which ingested nutrients are used for milk and/or body tissue synthesis 

depends on  the  stage of lactation, previous nutritional regime and genetic merit for milk 
production. 

When availab le  herbage is measured to ground level ,  herbage i ntake a nd milk yield are 

often about maximal when the pasture allowance is twice the herbage intake (Combellas 

and Hod gson, 1 979; M eijs, 1 983; Stakelum 1 986) . However, other studies have shown 

maximal herbage intake and milk production responses at much h igher al lowances of 

herbage of up to three to four times intake (Hodgson. 1 975; Bryant, 1 980; Bryant and Cook, 

1 980; G lassey et aI. ,  1 980; Grainger et aI . ,  1 982; Stockdale, 1 985b; Figure 2 .7a). Some of 

the variations i n  results between experiments are probably due to different techniques of 

measuring h erbage intake (e.g . ,  chromic oxide dilution vs sward sampling technique) and 

pasture allowance. Differences in sward structure, e.g. ,  leaf to stem ratio, ratio of green leaf 

to dead material ,  DMD, or physical structure (height, mass and plant density) are a lso likely 

to be i mp l icated as was discussed p reviously; a nd so is the subst i tut ion effect of 

concentrates for pasture intake where the two are fed together (e.g. ,  Meijs, 1 983; Stakelum, 

1 986) . Combellas and Hodgson (1 979) varied herbage mass and allowance independently 

and observed no interaction between the  effects of mass and a l lowance on intake. 
However. both of the herbage masses were relatively high (3700 or 5770 kg DMlha). 

Stockdale (1 985a) observed that with dairy cows on temperate and sub-tropical pastures, 

when other sward characteristics were considered, herbage allowance was the most 

important factor influencing animal intake. However, Hodgson (1 984) stated that herbage 

al lowance should be seen to influence intake indirectly through its influence on the rate of 

change in  sward conditions and the effects of these on average bite size as the sward is 

progressively grazed down. While this may be true when herbage allowance is generous, at 

more restrictive allowances, herbage al lowance, but not herbage character, is probably the 

most important factor determining intake (st i l l  indirectly) u nder both set stocking and 

rotational grazing systems. 

Working  with calves, Jamieson and Hodgson ( 1 979a) noted that intake per bite, rate of 

biting ,  and g razing time were greater for animals on the low compared to high herbage 

al lowance on entry to a fresh break. However. near the end of the day the situation was 

reversed. Reduced daily intake on the low allowance could be explained by reductions of 

approxi mately equal  magnit ude i n  mean daily IB ,  R B  and GT. This was attributed to 

increased difficulty in prehending a nd ingesting shorter pasture (1 430 kg DM/ha RHM) for 
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animals on the lower allowance. 

Although herbage allowance per se does affect herbage intake, at a given a llowance there 

wil l be a d ifference in absolute intake due to the effect of sward canopy structure, herbage 

d igestibi l ity, and chemical and botanical composition of herbage .  Therefore OM is an 

inadequate description of a feed, and herbage allowance expressed as digestible OM, green 

OM or g reen leaf OM may reduce the effects of these variables. However, the effects of 

these will probably be smaller at low allowances when the animal is very hungry and has a 

strong d rive to eat. At a similar herbage al lowance, a sward canopy with a high leaf to stem 

ratio and a h igh bulk density or sward height will encourage a greater intake per bite 

compared to a sparse sward with a low leaf to stem ratio (Stobbs, 1 973a, b; Hoogendoorn, 

1 986) .  This may explain the 20% lower intake of lactating cows observed on summer 

pastu re compared to that on spring pasture reported by Stockdale and King (1 980) and 

Hoogendoom ( 1 986) , despite a similar generous herbage allowance across seasons (Figure 

2.7b). 

Water content of herbage 

The water content of herbage includes both the internal and external moisture (Phillips, 
1 989). Although some authors h ave concluded that there is no effect of water (external 

moist ure) per se on the OM intake of herbage (Holmes and Lang, 1 963; Wilson, 1 978) , 

neverthe less OM intakes of herbage are reduced at very low OM contents (Verite and 

Joumet, 1 970; Kenny et aI., 1 984; Black et a/. , 1 987; Butris and Phillips, 1 987). For dairy 

cows at pasture the critical OM % below which intake of herbage declines considerably 

appears to be about 1 8% (Verite and Journet, 1 970), and between 12.5 - 1 4.5% for grazing 

sheep; which in farming practice would only occur in immature grass during the winter/early 

spring period (Wilson, 1 978). 

When water in balloons was added to the rumen per fistulam there were no detrimental 

effects on the intake of fresh forages (Campling and Balch, 1 961 ; Joh n  and U lyatt, 1 987) 

suggesting that the effect of water content on herbage intake may be a preference effect 

arid not the bulk effect on rumen fill. This hypothesis was recently tested by Black et af. 

{1 987} and John and Ulyatt (ibid) by offering sheep grass containing 1 1 ,  36 or 95% OM 

(Black et aI. , ibid) or 12 to 25% OM (John and Ulyatt, 1 987). I n  these studies, sheep 

selected strongly for and consumed more of the grass with the higher OM content, but the 

degre e  of preference for the drier forage decreased sharply as the OM content of the grass 

increased above 36% OM (Black et ai . ,  1 987). In the study of John and U lyatt (ibid) feed 

intake was positively correlated (r=0.89) with forage OM content at all stages of forage 
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maturity. with no interaction between the effects of DM % and maturity. 

Although the I B  (DM basis) and RB have been reported to decline under low herbage DM 

conditions (Combellas et aI., 1 979) such effects may be transitory if the wet feed is offered 

cont inuo us ly ,  as the mechanisms for extracting surplus water from the digestive tract are 

efficient (Hodgson, 1 990b). Rates of intake (g DM/min) of cattle fed dry or soaked herbage 

have been reported not to differ significantly, but the animals fed soaked herbage ate less 

DM b ecause of a reduction in feeding t ime of about 1 hour (Butris and Phil lips, 1 987). 

D riv ing rain or wind will cause a dec rease in grazing time of cattle (Hinch et a\., 1 982) . 

Lower rates of passage through the reticula-rumen of wet herbage, because of reduced 

production of saliva, rather than physical l imitation to prehension, have been suggested as 

the reason for lower intakes of high moisture herbage (Butris and Phill ips, 1 987). However, 

in warm environments natural rain may enhance body cooling and reduce the heat load of 

grazing cows, which may result in increased pasture intake. Conversely, natural rain may 

increase the  thermal dra i n  a nd cold stress of cows in cold environments leading to 

increased e nergy demand a nd i ntake , mainly to meet i ncreased maintenance needs 

(Holmes and Wilson, 1 984; Young, 1 987) . 

Studies of the effects of moisture on the intake of grazed herbage by dairy cows are scarce. 

Studies of s imi lar effects conducted with si lage (see G i l l  et .§l. , 1 988; Thomas and 

C hamberlain ,  1 990) cannot be extrapolated to grazing situations, mainly because of the 

confounding effects of the products of fermentation on silage intake. This area requires 

further research. 

2.4.4 Effects of feeding l evel ,  h e rbage a l lowance and pasture composition on 

dairy cow performance 

The daily amounts of milk and milk solids produced per cow from grazed pasture depend on 

the potential yield of the cow and its intake of nutrients (Figure 2 .8) .  The potential yield is a 

function of genotype, stage of l actation and previous nutritional regime. The degree to 

which the cow achieves its potential intake is determined by sward and environmental 

factors, and supplementary feeding (see Sections 2 .4. 1 -3) . The interactions of these and 

many oth e r  an imal  a nd manageria l  factors and their effects on mi lk p roduction from 

temperate pastures have been reviewed on many occasions (Bryant and Trigg, 1 982; 

Holmes and Macmillan, 1 982; Bryant a nd Holmes, 1 985; Leaver, 1 985; Bryant and Sheath, 

1 987;  Holmes 1 987a & b, 1 988;  Stakelum and Di l lon,  1 99 1 ) .  Recent reports by Bryant 

( 1 990b) and Holmes (1 990b, Figure 2 .8) contain succinct summaries of the influence of 
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manage rial,  plant and animal factors o n  milk production on New Zealand dairy farms. This 

part o f  the  present review will examine the e ff ects of feeding level. herbage al lowance. and 

pasture compositi o n ,  b ecau se of variat ions in grazing management. on the p roduction of 

milk and milk solids. 
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Fig ure 2.8 A simplified iHustration of the key e lements of milk production per 
hectare. and of the factors that affect the key elements (After Holmes, 1990b). 

2.4.4.1 Effects of level of feeding on m ilk yield 

Immediate effects 

\ 
The d airy cow is a complex f a rm animal a s  she can be growing. lactating and pregnant 

simult a n e o u s ly. Thus the fate of  the dietary nutrients is an interaction among these various 

physio logical  demands. p lu s  that of maintenance, which are themselves changing almost 

continuo u s ly (Johnson ,  1 986). The system is a dynamic one in which body reserves are 

mobil ized o r  depo s ited at various stage s  of lactation as well. 
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Variat io n s  in  feeding l eve l  may e licit immediate and/or subseque nt responses in milk 

production ,  milk composition and liveweig ht of dairy cows. An increase in milk output can 

be clearly expected as an increasing amount of nutrients, particularly digestible energy, is 

made avai lable to the cow in excess  of her  maintenance requirements.  However, it is 

important to remember  that the response in output to increased feed inputs in dairy cows is 

o nly a partial response,  since the energy that is not recovered in milk is largely retained in 

body tissu e as fat (or in the conceptus) .  This means that in the short term there may be no 

simple relation between  nutrient intake and milk production (Holmes, et aI., 1981 ) .  

Mi lk  yield response to  a n  increased level of feeding and thus energy intake, i s  negatively 

curvilinear  ( Broster, 1 976; Figure 2.9) , but positively curvilinear for liveweight change (ibid) . 

The dec lining respo nse  in milk yield with successive increments in energy intake ( Figure 

2 .9) can be exp lained by the 'saturation' of the mammJry gland's ability to synthesize milk, 

with a c o nsequ e nt i ncrease in the rate of nutrient diversio n to tissu e deposition (Bro ster, 

1 972) . The joint response of bot h  output pathways to changing intake is linear in energy 
terms (Bro ster, 1 976) . 

! 
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Figure 2.9 S imp lified models of milk and liveweight responses of dairy cows to increasing 
levels of teed intake {After  Broster, 1 976} . 

The p ro duct ion response by cows to d if ferent levels of e nergy intake was extens ive ly 

reviewed by Broster ( 1 9 76), but the majority of the data reviewed were from experiments 

where concentrates and conserved forages made up the bulk of the diet. The typ e  of the 

diet can affect partit ioning o f  energy by the cow, and the curvilinearlty of response in milk 
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yield with feeding l evel (Grainger and McGowan, 1 982; Johnson, 1 986). Increasing the 
proport ion  of concentrates in the diet wil l a lter the roughage:concentrate ratio towards the 

latt er .  This may depress the  d igest ib il ity of t he forage component a nd increase the 

production of propionate, with a consequent reduction in  the efficiency of util isation of 

dietary energy for milk and milkfat synthesis and a greater diversion of the M E  towards body 

energy stores (Smith, 1 988) . 

I n  contrast to the curvilinear response obtained with cows fed on concentrate/roughage 

diets, most available data for pasture fed cows indicate a l inear response in milk yield to 

increases in feeding level (Bryant ,  1 9S0; G lassey � aI. ,  1 980; King and Stockdale, 1 981 ; 
G ra inger et aI . ,  1 982) . The l inearity of response is because even at the higher yields, the 

an ima l's capacity for milk synthesis has not been reached (i.e., at the steep part of Broster's 

curve in Figure 2.9). However, negative curvilinearity may develop as lactation advances 

(Bryant ,  1 9S0b) , presumably because dairy cows partition less intake energy to milk yield 

t h a n  to body weight ga in  i n  late lactation (Hutton, 1 963) . Early New Zealand work 

conducted at Ruakura showed that underfeeding in early lactation resulted in a decline in 

milkfat production during the experimental period (Gerring and Young, 1 961) .  Summarizing 

work conducted in Australasia during the seventies, Bryant and Trigg (1 982) concluded that 
in early lactation a 3S% restriction in OM intake resulted in a 24% decrease in milkfat yield in 
comparison with well-fed cows. For each 1 kg OM increase in intake, milkfat yield increased 

by 0 .039 kg and liveweight by 0 . 1 74 kg per day. During late lactation Bryant ( 1 978) 
observed that restricting pasture intake by 47% (7.5 vs 1 4. 1  kg OM/cow daily) resulted in a 

2 1  % decrease in  milkfat yield and a decrease in liveweight. I n  a stall feeding experiment 

King and Stockdale ( 1981)  observed a l inear decline in milk yield during two 28-day periods 

of u nderfeeding in the eighth and ninth months of lactation ,  when intakes were reduced from 

1 4. 7  to 7.3 and 1 5 .2 to 8 .2 kg OM/cow daily, respectively. L iveweight decreased in a 

c urvilinear manner. 

S ubsequent effects 

The subsequent (residual) effect of feeding level on dairy cows' performance is regarded as 

the prolongation of the effects of differential feeding after this itself has ceased (Broster and 

B roster, 1 984) ,  and is expressed relative to the immed iate effect measured during the 

d ifferentia l  feeding  period. Residual effects on the performance of dairy cows due to 

variations in feeding level ,  and following their return to a common level of feeding, were 

reviewed for 46 experiments worldwide (Broster and Thomas, 1 98 1 ). When low and 

medium planes of nutrition were evident in early lactation, subsequent effects on milk yield 
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were 55% of the immediate effects, provided these exceeded 1 .5 kg milk/cow daily. There 

were no residual effects on milk production when cows were fed a high plane of nutrition in 

early lactation. 

A review of Australasian research indicates that similar trends to those just described above 

exist for cows o n  pasture (Bryant and Trigg ,  1 982).  However, s ignificant effects of 

u nderfeeding during early lactation on subsequent milk production have not been confirmed 

by New Zealand studies (Bryant and Trigg, 1 979; Trigg et aI . , 1 980). For example, Bryant 

( 1 990b) restricted intake of three groups of cows at pasture by 50, 38 and 23% of ad libitum 

feeding for 56 days during early lactation (from calving in late July to mid September). Feed 

intake was 6.2, 7.8 and 9.6 kg OM/cow daily for the restricted groups, and 1 2.5 kg OM/day 

for the unrestricted cows. The cows were fully fed from mid September to March. Yields of 

m ilk solids per cow up to March were highest for cows whose intake was restricted by 38 

and 23%, indicating that cows were able to recover from at least 35% underfeeding in early 

lactation. Per cow performance was lowest for cows on a 50% intake restriction. 

It was concluded in the review by Bryant and Trigg (1 982) that the subsequent effects of 

u nd erfeeding in  early lactation were one half or less of the immediate effects. Massey 

University studies i ndicated that subsequent effects of u nderfeeding in early lactation 

ranged from 0 . 1  to 1 .3 t imes the immediate effects (Grainger, 1 982; Ngarmsak, 1 984). 

Conflicting results amongst the studies reported here are probably due to variations in both 

the level and duration of u nderfeeding during the treatment period, and to the level of 

feeding during the post treatment period (Grainger and Wilhelms, 1 979 ; Broster and 

Thomas, 1 981 ) .  

The subsequent effects of u nderfeeding i n  late lactation  on  m i l k  yield are less well 

documented, because cows are usual ly dried off shortly after the period of underfeeding. 

However, the extra liveweight gain by those animals receiving the higher plane of nutrition 

could have subsequent effects on milk yield in the following lactation (Grainger et aI . ,  1 982; 

G rainger and McGowan, 1 982; Wilson and Davey, 1 982;). I ncreases in mi lkfat yields in  

early lactation of 0. 1 to  0 .3  kg  M F/kg liveweight gain between drying off and calving have 

been observed under experimental conditions (Grainger et aI., 1 982) . 

These subsequent effects are due mainly to the fact t hat underfeeding causes loss of 

liveweight. Subsequently, the cows regain the lost weight, thereby diverting nutrients away 

from milk production until liveweight is restored (ibid). 
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The rate of liveweight gain following u nderfeeding in early lactation is generally h igher than 

t hat of well fed cows ( B ryant and Trigg ,  1 982). Trigg et al. (1 980) observed that in the 

partioning of ME in the e nergy balance trials the originally underfed group showed less 

productio n ,  less milk energy and more tissue energy retention; although such response and 

the ability of cows to recover from u nderfeeding, regarding milk yield and liveweight, may 

vary b etween animals. 

Cows of high genetic merit produce more milk and milk solids (up to 20-30%) , have greater 

voluntary i ntake (5- 1 5%),  use more of their  body reserves in early lactation and have a 

higher gross and marginal efficiency of milk production at a given level of nutrient intake 

than cows of low genetic merit (Bryant and Trigg, 1 981 ; Grainger, Davey and Holmes, 1 985; 

G rainger � aI . ,  1 985; Holmes, 1 988; McCutcheon et aI . ,  1 989) . Consequently, cows of high 

b r e e d i n g  i n d e x  are g e n e ra l ly l i g ht e r  at d ry i n g  off t h a n  t h e i r  low b r e e d i n g  index 

contemporaries (Holmes et aI . ,  1 987) . The ability of dairy cows to recover in body condition 

at a given level of feeding depends on the body condition score at calving (Grainger et aI.,  

1 982; Holmes, 1 988). Condition score at calving was shown to affect milk yield in early 

lactation (Grainger et aI . ,  1 982), but provided body condition score at calving was not lower 

than 4.5,  then restricting i ntake i n  winter and early lactation (first 5-8 weeks). to ensure 

optimum feeding in September to November, had no detrimental effect on milkfat yield per 

cow up to March (Grainger � aI . ,  1 982; Bryant and l'Huillier, 1 986; Bryant, 1 990b). I n  New 

Zealand the amount of feed on the farm in mid September (early/mid spring) has been 

s hown to have a greater effect on milk production up to December than body condition 

score at calving in J uly/August (Bryant and MacDonald, 1 983; Bryant and l'Huil lier, 1 986; 

Bryant, 1 990b). 

2.4.4.2 Effects of herbage al lowance on milk yield 

I nc reases in herbage allowance are g enerally associated with increases in the production of 

m i l k  a n d  m i l k  constituents because of increases i n  short term i ntake of d ry matter 

(Combellas and Hodgson, 1 979; Le Du et aI . ,  1 979; Bryant, 1 980a; Glassey et aI . ,  1 980; 

Thomson et a I . ,  1 984; Hoogendoorn, 1 986; Stakelum and Dillon, 1 99 1 ) .  The absolute level 

of 
!
daily per animal production with increasing herbage a llowance depends on many other 

facto rs s u c h  as sta g e  of lactation;  a g e ,  breed and genetic merit of t h e  cows; sward 

characteristics (mass, proportions of leaf and dead matter); and season (Thomson et aI . ,  

1 984, 1 99 1 ; Hoogendoorn, 1 986; Holmes, 1 987b, Michell and Fulkerson, 1 987). However, 

increases in pasture allowance above relatively h ig h  levels (e.g . ,  2.5-3.5 times intake) may 

cause only small increases in mil k  production ,  but large increases i n  liveweight gain (Bryant, 
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1 980a; G lassey et aI. ,  1 980), or in liveweight and condition score of dry cows (Holmes et aI . ,  

1 979 ;  N garmsak ,  1 984) .  This is  because each cow has some upper potential for milk 

production, which can not be exceeded despite very high OM intake (Holmes, 1 987b). For 

example, cows offered pasture allowances of 53, 33 and 1 3.5 kg OM/cow daily for 5 weeks 
in early lactation ate 1 5.8, 1 4.3 and 9.6 kg OMlcow daily, respectively (Glassey et aI. , 1 980) . 

Yields of milk and milk solids for cows offered 53 and 33 kg OM/cow were similar, but the 

cows on the higher al lowance had greater liveweight gains; cows on the smallest allowance 

produced less milk and milk solids and lost weight and condition (ibid). 

2.4.4.3 Effects of pasture composition on milk yield 

Herbage from g razed pasture contains many different components that can differ widely 

between and within components , in composition and digestibility (Terry and Tilley, 1 964; 

Hacker and M inson, 1 98 1 ; Hacker,  1 982;  M inson, 1 982). Grazing management can 

influence the component composition of herbage (Section 2 .3.2; Stockdale and King , 1 980; 

H oogendoorn, 1 986; L'Huil lier, 1 987b, c; Stakelum and Dillon, 1 99 1 ) , and it would be 

expected therefore also to influence the feeding value of the herbage (Ulyatt, 1 98 1 ) . 

The effects of differences in herbage composition on the performance of dairy cows g razing 

t emperate pastures have been assessed i n  several experi ments in which herbage 

composition was controlled by differences in intensity or frequency of grazing to create low 

mass or high mass swards; both under set stocking (Le Ou et al. . 1 981 ; Baker and Leaver, 

1 986) and rotational grazing systems (Santamaria a nd McGowan, 1 982; Thomson et aI . ,  

1 984, 1 989; Hoogendoorn et a I . ,  1 985. 1 987, 1 988; L'Huillier and Bryant, 1 987; Michell and 

Fulkerson, 1 987; Stakelum and Dillon. 1 991 ) .  

Winter/early spring period 

I n  the experiments that measured the effects of pasture composition in early spring on milk 

production during the same period, grazing intervals and intensity during winter varied from 

48 to 1 28 days, and 800 to 1 500 kg O M/ha post g razing herbage mass, respectively 

(Santamaria and McGowan 1 982; Hoogendoorn et aI . ,  1 987; Holmes et aI . ,  1 992). During 

spring, the low mass swards were created and maintained by defoliation intervals of 8 to 20 

days, or by set stocking , and by defoliation intervals of 2 1  to 32 days for the high mass 

swards; at fixed or variable stocking rates (herbage allowances). Grazing intervals in early 

spring and summer were 1 8-24d a nd 30-32d, respectively. Grazing management during 
summer was generally common across swards that were grazed intensely or frequently but 
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laxly (low mass). and those laxly or  infrequently grazed (high mass) during t he preceding 
spring .  I n  some experiments, the composition of pasture, consequent to spring g razing 

management, was examined in association with the conservation of herbage as silage, hay 

or in situ (Thomson et aI . ,  1 984, 1 989; Michell and Fulkerson, 1 985; L'Huillier, 1 988) , or with 

topp ing (Bryant . 1 982 ;  Hoogendoorn et a I . , 1 985; Stakelum and Di l lon ,  1 99 1 )  in late 

spring/early summer. 

Santamaria and McGowan ( 1 982) and Hoogendoorn et a I . ,  (1 987) observed a negative 
relationship between digestibility of the herbage on offer and pasture mass i n  early spring 

following wide variations in winter grazing intensities or frequencies (900-1 500 kg DM/ha 
RHM or 55-1 1 Od  rotations, respectively). In the study of Hoogendoorn et aI. , (ibid) , given a 

daily common pasture al lowance (24 kg OM/cow) i n  early spring, the cows g razing on the 

low mass swards produced 1 0% and 8% more milk and milk solids, respectively, than cows 

on the high mass swards, despite dry matter intake (DMI) being similar. I n  this study (ibid) 

the low mass pastures (3 vs 5t DM/ha) contained, in early spring, lower concentrations of 

stem (1 7 vs 22%) and dead matter (8 vs 1 8%), and greater concentrations of clover (21 vs 

8%); and the digestibility of total herbage, hence digestible nutrient intake, was higher (75 vs 
. 

69% DMD) than for the high mass swards. 

M id spring/early summer period 

The effects of pasture composition in spring on milk production per cow and per hectare 
during the same and subsequent periods have been consistent. Low mass swards have 

been shown to contain ,  in spring and early summer, greater concentrations of clover and 

g reen leaf, and lower concentrations of stem and dead matter, and are usually more 

digestible than h igh mass swards (Stockdale and King , 1 980; Hoogendoorn, et a I . ,  1 985, 

1 988; Bryant and L'H uill ier, 1 986; l'Huillier, 1 987c; l'H uil lier and Bryant, 1 987; M ichell and 

Fulkerson ,  1 987;  Stakelum and Di l lon ,  1 99 1 ) . When g iven a common daily pasture 

al lowance during early/mid spring, the daily intake of organic matter and production of milk 

and milk solids per cow were greater on low than high mass swards (Thomson et aI. , 1 984; 

Hoogendoom, et aI . ,  1 985; 1 988; Stakelum and Dillon, 1 991 ) .  At a common daily green leaf 

a l lowance, ( 1 6 kg/cow) mi lkfat production and DMI were similar for low and high mass 

swards (Hoogendoorn et aI . ,  1 988) but residual herbage mass from the high mass swards 

was very high.  Conversely, when herbage allowance was not common across swards (e.g. ,  

at s imilar stocking rates), cows grazing the low mass or short swards (5-6 em) produced 

less milk and mi lk solids and had smaller rates of liveweight gain than cows grazing the high 

mass swards, because of the lower herbage allowance and organic matter intake (Le Du et 
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aI . ,  1 981 ; Bryant and L'Hu il lier, 1 986; L'HuiJlier, 1 987c, 1 988; L'Huillier and Bryant, 1 987; 
M ichell and Fulkerson, '1 987; Hoogendoom et aI. , 1 988). 

Summer/autum n  period 

I n  late spring/early summer, cows receiving a generous herbage allowance (48 kg OM/cow 

daily) produced more milk and milk solids (by 1 2  and 1 9% respectively) when grazed on low 
mass than when grazed on high mass swards (Hoogendoom et aI . ,  1 992) . The low mass 

swards had a h igher digestibi l ity (OMD 74. 1  vs 67.2%), greater proportions of leaf and 

clover, and smaller proportions of stem and dead matter than the high mass swards. The 

difference in herbage mass (2 vs 5 t DM/ha) between low and high mass swards was large, 
and may have i nfluenced the magnitude of the difference in milk production between the 

sward types. 

On the other hand, topping of the high mass swards in late spring or early summer (Bryant, 

1 982; Hoogendoorn et a I . ,  1 985; Stakelum and Dillon,  1 99 1 ) ,  or early conservation (October 

to November) from low stocked swards (Thomson et a I . ,  1 984, 1 989, L'H ui l l ier,  1 988) 
resulted in yields of milk solids during summer similar to those for swards intensely grazed 

in spring .  Topping or early conservation of previously laxly grazed swards reduced the 

proportion of dead matter and improved that of green matter and the digestibility of the 

herbage on offer in summer and autumn. 

2.4.4.4 Practical implications of variations in pasture allowance and composition on 

dairy farm productivity 

An increase in pasture a llowance is likely to requ ire an increase in the area of the farm to be 

g razed each day. This in turn may result i n  wast e  of pasture and a decrease in mi lk  

production per  hectare, despite a possible increase i n  milk production per cow (Bryant and 

Cook, 1 980). An i ncrease in pasture allowance,  therefore, may affect the quality as well as 

the quantity of the herbage consumed, since, as allowance increases, there is less need for 

the animal to graze into the less digestible base of the sward. 

For cows at pasture high herbage allowances, at a given level of pregrazing herbage mass, 

are associated with high post grazing herbage masses (Holmes, et at, 1 979; B ryant, 1 9aO; 

G lassey & aI . ,  1 980; Stockdale and King, 1 980; Hoogendoom, 1 986). In the long term high 

residual pasture masses lead to a shortage of pasture on the farm. This is because large 

proportions of the farm are grazed daily in a rotational grazing system. Consequently, the 
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proportion of trampled and contaminated herbage is increased, and pasture g rowth rates 

are reduced; because of the adverse effects of shading and increased rates of senescence 

on til ler development and rates of photosynthesis (Hodgson and Maxwel l, 1 98 1 ; Sections 

2.2 & 2.3). Furthermore, the proportion of pasture grown that is grazed, and milk production 

per hectare, usually decline (Thomson et aI., 1 984; Stockdale, 1 985b; Bryant and L'Huillier 

1 986; Hoogendoorn, 1 986; Stakelum and Dillon, 1 99 1 ). Therefore, it may be necessary to 

restrict pasture allowance and intake, in early spring, to p romote pasture growth rates, 

reduce waste of OM, minimise deterioration in pasture quality, and maintain high milk yield 

per hectare o r  per cow, at a given stocking rate, during late spring and early summer 

(Thomson et a!., 1 984; Hoogendoorn 1 986; L'Huillier, 1 988; Bryant, 1 990b). 

Stocking rate, which is the number of animals carried per hectare over a specified period, is 

the most important determinant of annual farm production (McMeekan, 1 956, 1 960, Holmes 

and Macmi l lan, 1 982). Over a whole lactation, increasing stocking rate results in a 

reduction in  h erbage al lowance and intake, a linear decline in milk yield per cow, and a 

linear increase in milk yield per hectare, mainly because of an increase in the proportion of 

pasture g rown that is consumed (King and Stockdale, 1 980; Stockdale and King, 1 980; 

Holmes and Macmillan 1 982). Reviews of Australasian experiments showed that milkfat 

production per cow decreases by 1 8  to 35 kg, and per hectare production increases by 70 

kg, on the average, for every one cow/ha increase in stocking rate (Holmes and Macmillan, 

1 982; Holmes and Parker, 1 992). It has been suggested that production of milk and milk 

solids per unit area can be maximised when production per cow declines by 20-30%, with 

some restriction on the daily pasture allowance offered (Le Du et aI., 1 979; Holmes and 

Macmil lan, 1 982). In New Zealand and parts of Australia this may mean stocking rates 

greater than five cows/ha (4 .5 cows/ha with replacements) (Wright and Pringle, 1 983), 

which are usually not carried on commercial or research farms. This is because stocking 

rates of such magnitude cause large decreases in pasture allowance and growth rates, per 

cow milk p roduction, liveweight, and body condition, particularly if little or no supplements 

are fed during periods of pasture scarcity (Stockdale and King, 1 980; King and Stockdale, 

1 980; Holmes and Bryant, 1 985; Holmes, 1 987a, b). 

In !New Zealand. it is possible that on highly stocked farms, the availability of pasture in early 

spring may be a more important determinant of milk p roduction per cow during that period 

than pasture composition and quality, consequent to variations in grazing management in 

the preceding winter (Bryant and Trigg, 1 980; Bryant and L'Huillier, 1 986; Bryant, 1 990b). 

Differences in per animal and per hectare productivity over the whole lactation may be small 

or difficult to predict, because of the positive correlation between the amount of pasture on 
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the farm in early spring and subsequent pasture growth rates (Santamaria and McGowan, 

1 982; L'H uil l ier, 1 987b; Bryant, 1 990b) ; and the negative effects of high residual herbage 

m asses during the same period on both pasture qual ity and growth in late spring/early 

summer (Korte � aI. ,  1 984; L'H uil lier, 1 987b) . 

Whereas h igh  herbage  masses, as consequences of lax o r  infrequent g razing in the 

early/mid spring period, may promote higher per cow performance, pasture quality tends to 

decline during the late spring and early summer periods of high pasture (stem) accumulation 

rates (Korte et ai . ,  1 984; Hoogendoorn §... aI. ,  1 988). Avoiding high herbage masses during 

this period is, therefore, considered important in order to avoid a decline in pasture density 

and quality , and milk production in late spring/summer period (Bryant and Sheath, 1 987; 

Hoogendoom §... aI., 1 988; Section 2 .3 .2). 

In a Tasmanian study, intense grazing (3.4 vs 1 .9 cowslha) in mid to late spring resulted in a 

non-significant decline in milkfat production per cow during that period, but subsequently at 

a common stocking rate ( 1 .7 cows/ha) in summer, the production of both milkfat and protein 

was higher (by 6%) on the p reviously intensely than laxly g razed swards (Michell and 

Fulkerson, 1 987). I n  summer, the digestibility of the herbage on offer was lower for swards 

laxly grazed than intensely grazed swards during spring (57 vs 61 % OMO), whilst that of the 

ingested herbage was similar between swards (ibid). This was true despite the greater and 

lower proportions of dead matter and green leaf, respectively, of the originally high mass 

swards, as cows rejected the dead component. Pregrazing and residual herbage masses in 

late spring were, respectively, 2 .6 and 1 .7 t OM/ha for the intensely grazed swards, and 3.2 

and 2.6 t OM/ha for the laxly grazed swards. In summer, PHM for the intensely and laxly 

grazed swards were 2.2 and 3.0 t OM/ha, respectively. Apparent daily OM Is, estimated by 

the 'difference' techn ique, were similar between the treatment groups during late spring and 

summer ( 1 1 .8 and 8.3 kg OM/cow, respectively). 

It was concluded from the Tasmanian study ( ibid) that the presence of dead herbage in 

swards laxly g razed in spring reduced animal production by reducing the availability and 

inta ke of g reen herbage  (including stem) or digestible nutrients in summer, rather than 

reducing the digestibi l ity of the diet ingested by the cows. Results from a similar New 

Zealand study (Thomson et a I . ,  1 984) , seem to support t his conclusion, with the added 

observation that, unl ike the dead matter component, the p roportion of stem in the pasture 

was not s ign if icantly correlated to per  cow mi l kfat p roduction . On the  other  hand, 

H oogendoorn � a\. ,  ( 1 985) observed that higher levels of milk production by cows on 

summer pastu res that were intensely g razed in late spring were mainly a resu lt of the 
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greater digestibility (12.5 vs 67.6% OMO) of previously intensely than laxly grazed swards, 

as feed intake at common pasture al lowances varied considerably between years and 

between treatments. Nevertheless, the conclusions reached in the studies just cited must 

be taken with caution because it is difficult to separate the effects of intake from the effects 

of d igestibil ity of the diet on animal performance. since it is not easy to measure each 

individually in  a grazing situation .  

Similar trends to those reported from Tasmania (ibid) have also been observed in several 

New Zealand studies involving higher stocking rates. For example. at a common grazing 

intensity (stocking rates of 4 to 6 cowS/ha) Bryant and L'Huil lier (1 986) and L'Huillier and 

Bryant (1 987) observed greater yields of milk solids per cow during the summer/autumn 

period from swards either frequently grazed (8-1 2d) or set stocked during mid to late spring 

than from infrequently g razed swards (30-32d) .  However during the mid to late spring 

period daily yields of milk solids were greater on infrequently than frequently grazed or set 

stocked swards, despite the greater proportions of clover and lower proportions of dead 

matter of the low mass (frequently grazed or set stocked) swards. Herbage mass values in 

mid spring for PHM and RHM were, respectively, 3.74 and 1 .54 t OM/ha for the long rotation 

(32d) swards, and 2 .07 and 1 .31 t OM/ha for the short rotation (8d) swards (Bryant and 

L'H uil l ier, 1 986) . Total herbage masses for the experiment i nvolving the set stocking 

treatment were not reported. but pasture growth rates during spring were smaller with set 

stocking than with 30 or 1 2d rotations (ibid). This may have led to a lower level of feeding of 

the set stocked cows. The OMD % of the herbage on offer in December was similar across 

swards (L'Huil lier and Bryant, 1 987). 

It can be concluded that on farms with high stocking rates, in relation to annual pasture 

production, variation in pasture composition because of grazing management in mid spring 

through summer seems to exert little effect on animal performance over the whole lactation 

« 1 0 kg mi lkfat) (Bryant, 1 990b) . This conclusion applies as long as pasture allowance 

during spring does not decline below a critical minimum of around 32-35 kg OM/cow daily 

( 1 400-1 700 kg DM/ha RHM or 4-5 cm sward height) (Thomson � aI., 1 984; Baker and 

Leaver, 1 986; Bryant and L'H ui l l ier, 1 986; M ichell and Fulkerson, 1 987; L'Hui l l ier and 

BrYant, 1 987; L'Huillier, 1 987c, 1 988; Hoogendoorn, et aI., 1 988) . High stocking rates with 

late conservation, set stocking or fast rotations during mid spring to early summer may 

reduce per cow production up to late spring because of a reduction in herbage allowance 

and NHA rates (mainly stem), but this may not influence total performance (L'Huillier and 

Bryant, 1 987; Michell and Fulkerson, 1 987). Subsequently, improvements in the quality of 

summer/autumn pasture ( less dead matter and greater p roportions of clover and green 
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matter of high digestibility) tend to compensate for the lower feeding level during late spring 

arising  from attempts to control stem and dead matter accumulation. These benefits are 

g e ne ra l ly c arr ied t h rough  the  s u m m e r/autumn period irrespective of the type of 

management imposed during that time (L'Hui llier, 1 988; Bryant, 1 990b) . 

I n  addition, intense or  more frequent mid/late spring grazing promotes ryegrass tillering in 

late spring  to early summer, and herbage accumulation during dry summers when soil 

moisture is limiting (Korte et aI., 1 984; L'Huil l ier, 1 987a, c, 1 988). Maintaining low herbage 

masses in m id spring to early summer results in an i ncrease in anima l  production per 

hectare with only a small loss in per cow production. This arises from an improvement in 

the proportion of herbage grown that is consumed and/or conserved, an increase in the 

proportion of desirable pasture components and their feeding value, and improvements in 

pasture density and resilience (Thomson !tl aI. ,  1 984; L'Huillier, 1 987a, b & c; Michell and 

Fulkerson, 1 987; Bryant, 1 990b) . However, the overal l  stocking rate, through its effects on 

pasture allowance and intake, and on production per cow and per hectare (Section 2.4.4 . 1 ) ;  

and stock policies which are beyond the scope of this review (see Section 1 . 1 ;  Bryant and 

Trigg ,  1 982; Holmes and Macmillan, 1 982; Bryant and Sheath, 1 987; Bryant, 1 990b), are 

the major determinants of long term farm productivity. These are much more important than 

grazing management and its effects on pasture composition. 

2.4.5 Effects of the composition of prairie grass pastures on the performance of 

dairy cows 

2.4.5.1 Features of prairie grass 

Prairie grass is an erect (up to 60 cm; Plate 1 .1 ), tufted and short lived perenn ial  with a C3 

metabolic pathway, which originated f rom the Pampas of South America, and now has a 

wide geographical d istribution (Ru mbal l ,  1 967; Anon. ,  1 982; H i l l  and Pearson, 1 985; 

Hopkins et aI. , 1 989; H ume, 1 990b). The species has no vernalization requirements, with a 

long photoperiod being the only requirement for reproductive development extending from 

mid-spring to mid-autumn ( Evans, 1 964;  Wilson, 1 977; Langer and H i l l ,  1 982; Hume, 

1 99 1  a). Prair ie g rass ( Bromus willdenowii Kunth ;  synonyms B. catharticus Vahl ,  B. 

schraderi Kunth, B. unioloides H.B.K.) is also known in the USA, UK and France as rescue 

grass, brome g rass, Schraders brome g rass, and as 'paardegras' in Holland (Langer and 

Hi l l ,  1 982; Hume ( 1 990a). I n  the highlands of East Africa, prairie grass is known as Nakuru 

g rass (Bogdan ,  1 977) . The bette r known commerc ia l  c ultivars of prairie g rass are 

'Grasslands Matua' (Austra las ia,  Eu rope, USA), 'Primabel ' ,  'Cabro' and 'Bel legarde' 
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(Europe) (Anon. ,  1 982; Hume, 1 990b). 

I n  N ew Zealand  and e lsewhere, many of the  agronomic aspects of p rairie grass cv. 

G ra ss land s  Matua have been extensively studi ed over the  last two d ecades, and 

management and pest damage are two of the main factors determining its persistence and 

production (Section 1 .3; Black and Chu,  1 989; Thom et at, 1 989, 1 990; Boom and Sheath, 

1 990;  H ume, 1 990b, 1 991 a-d) . Most reports showed that prairie grass yielded more dry 

matter per annum (up to 22 t DMlha) than other perennial grass species, with most of the 

production being realized during the mid spring to late winter period (Rumball, 1 974; Baars 

and Cranston ,  1 977, Rys et al. , 1 978; Clark, 1 985). Defoliating prairie grass swards at 30 to 

50 day intervals (shorter in spring and longer in summer-winter), and leaving a stubble 

height of 5 to 8 em (>2000 kg DMlha RHM) increased tiller numbers and sward persistence 

(Hil l  and Pearson, 1 985; Bell and Ritchie, 1 989; Black and Chu, 1 989; Hume, 1 990b, 1 991  a

d) . Intense grazing, frequent d efoliation or set-stocking resulted in the disappearance of 

prairie grass from the swards within two years (Lancashire and Brock, 1 983; Anon. ,  1 982; 

Webby et aI., 1 990). In  some reports prairie grass had no advantage in seasonal or annual 

dry matter production over perennial ryegrass, regardless of the defoliation regime imposed, 

or the perceived OM yield advantage had disappeared by the third year post-establishment 

(Savage et aI . ,  1 985; Hopkins et al. , 1 989; Stevens and Hickey, 1 989; Boom and Sheath, 

1 990; Webby et aI., 1 990). The proportion of clover in prairie grass swards has been shown 

to d ecline under lax and/or infrequent defoliation regimes (Rys � aI . ,  1 978; Anon. ,  1 982; 

Alexander, 1 985; Cosgrove, 1 986). 

Similarly, the limited available information on the component composition and feeding value 

of Matua prairie grass dominant pastures is from studies where defoliation was achieved by 

either cutting (Rys et al. , 1 978; Savage et al. , 1 985; Hopkins et aI. ,  1 989; Hume 1 990a & b ,  

1 99 1 d) ,  o r  by g razing wi th  sheep or  bu l ls  (Rys et  a I . , 1 978 ;  L'Hu i l l ier  et a I . ,  1 986; 

Cruickshank et aI., 1 985; Fraser, 1 985; Cosgrove and Brougham, 1 988; Crush et aI . ,  1 989; 

Boom and Sheath , 1 990). I n  most of these studies, the swards were defoliated at low 

pregrazing herbage masses « 2 .5t DM/ha), which would not represent prairie grass 

pastures commonly found on New Zealand dairy farms (Ridler, 1 985; Ridler et al; 1 988; 

Thom et aI. ,  1 990) . 

On the other hand, when compared to other pasture g rasses, the digestibility and/or feeding 

value (for meat and mi lk production) of prairie grass has been shown to equal t hat of 

perennial ryegrass; and is potentially comparable to the annual or short rotation ryegrasses 

at similar stages of maturity and herbage allowance (Wilson and Grace, 1 978; Anon, 1 982; 
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L'Hui l l ier e t  a l . .  1 984, 1 986; Cruickshank  et aI . ,  1 985; Fraser, 1 985; Cosgrove and 

Brougham, 1 988; Crush et a I . ,  1 989 ;  Hopkins et a I . ,  1 989; Hume. 1 990  a & b, 1 99 1 d; 

Webby e1 a I . ,  1 990). L'Hui l l ier et a l .  ( 1 984, 1 986) observed 87% greater intakes of dry 

matter by sheep grazing on Matua p rairie grasS/clover than on perennial ryegrass/clover 

swards during the summer/autumn period, probably because a greater proportion of green 

leaf in Matua tha n  ryegrass swards was distributed in the upper, more accessible sward 

horizons. O n  the other hand, spring intakes of OM by lambs given a generous herbage 

allowance were similar for Matua and 'pure' perennial ryegrass swards despite the smaller 

mean retention time of Matua dry matter in the reticulo-rumen (Cruickshank et a!. , 1 9 85) , 

suggesting that sward structure may limit the OM i ntake of sheep on Matua swards in 

spring, but may promote it  in the summer/autumn period. 

At a similar stage of maturity prairie grass cv. Grasslands Matua was reported to contain 

g reater concentrations of both water-soluble carbohydrates and cell wall constituents than 

tetraploid Westerwolds ryegrass, but the digestibility of the cell wal l  fraction and the 

concentration of N in the two species were similar (Wilson and Grace, 1 978; Hume, 1 990a & 

b, 1 99 1 d) .  Crush et al. (1 989) did not observe significant differences in the mean chemical 

composition and digestibility of Matua and perennial ryegrass from swards grazed by bulls 

over the whole year. The mineral composition of prairie grass cv. Grasslands Matua shows 

considerable intra-species variation, particularly in  Ca, Mg and I levels . However, reports 

that the concentrations of these minerals tend to be lower in the cultivar than those of the 

ryegrasses, especially in early spring (Rumball 6t al.. 1 972; Wilson and Grace, 1 978; Rys et 

a I . ,  1 978).  have generally not been confirmed (Crush e t  a I . ,  1 989;  Thom et  aI . ,  1 990) . 

B esides, n o  major health problems have been observed with lactating cattle grazing on 

Matua based pastures (Wilson and G race, 1 978; Thom and Prestidge, 1 988). 

2.4.5.2 Milk production from prairie grass 

T here a re very l imited experimental data from New Zealand and e lsewhere on the 

relationships between g razing regime of prairie g rass pastures by dairy cows, herbage 

composition and the productivity of animals grazing on such pastures (Thom and Prestidge, 

1 988; Sellars, 1 988; Crush et aI . ,  1 989). 

In one of the three reported New Zealand studies, there was no significant difference in 

milkfat yield during spring between identical twins grazed on 'pure' stands of either prairie 

g rass cv. G rasslands Matua ,  or Westerwolds ryegrass cv. G rasslands Tama, or mixed 

perennial ryegrasslwhite clover pasture (Wilson and Grace. 1 978). I n  a more recent study 
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at R uakura mi lkfat production per cow and per hectare during one lactation from a 50:50 

M atua prairie g rass and Nui perennial ryegrasslwhite clover pasture was sl ightly (3%) lower 

t ha n  y ie lds from wel l  establ ished perennial  ryegrass/white clover o r  one year old Nui  

pere nnial ryegrass/white clover swards (Thorn and Prestidge .  1 988; A.M.  Bryant, pers. 

com.). I n  the latter experiment, i nsect and disease damage of Matua prairie g rass swards 

was high, resulting in a reduction i n  herbage yield, a very low population of Matua plants, 

and termination of the experiment in its second year. Reports from France i ndicated that 

summer mi lk production by cows grazed on prairie g rass cv. Bellegarde was 7% greater 

than production from tal l  fescue/cocksfoot swards, but prairie grass did not persist beyond 

four years (Anon. ,  1 982; Parneix, 1 982). 

I n  none of the studies cited above was the management of the sward varied in order to 

control the composition of the herbage at different values. The effect of the composition of 

prairie g rass pastures on milk production is unknown. 

2.4.6 Summary 

I t  is c lea r  from the evidence discussed that herbage intake a nd consequently animal 

production can be influenced by many sward and animal characteristics. Many individual 

effects h ave b een described, but at present the knowledge to p redict with certainty their 

combined effects on herbage intake is lacking. 

1 .  Three principal factors seem to influence the h erbage intake of grazing animals, 

namely the feeding drive, the sensation of satiety, and behavioural constraints. 

Sward characteristics exert their  effects on intake through l imits imposed on the 

animal's abi lity to satisfy its 'requirements' or feeding drive; the ability to ingest 

herbage OM and nutrients through behavioural constraints, e.g., bite size and bite 

rate. The d igest ib i l ity of the h erbage wil l  affect the nutritive value of the OM 

ingested. Sward characteristics a lso l imit herbage consumption by affecting the 

animal's ability to process ingested herbage, and herbage of low digestibi l ity may 

increase rumen fill and reduce the feeding drive. 

All factors influencing intake operate simultaneously, but in most cases one factor 

may be the most limiting. For example, when available feed is low, d igestibility and 

feeding drive have no important effects on intake, but bite size and g razing time 

become i mportant. With high feed availability, digestibility of OM and feeding drive 
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are the key factors affecting intake , and intake is not limited by bite size or grazing 

time. 

2. I ncreases in herbage allowance will i nc rease milk yield per cow in the short term, 

through increases in intake per cow, up to some maximum yield depending on the 

cow's i nh erent capabilities. Also at high herbage allowance and intake there is an 

increase in rate of liveweight gain. 

3. The composition of herbage can affect milk yield, either with no effect on intake of 

OM but t hrough effects on intake of metabolisable energy, or  with effects on O M  

intake, o r  with both OM and M E  intake. 

4. I n  a p ractical situation o n  a pastoral dairy farm, application of different grazing 

management has effects on herbage allowance, intake and milk yield in the short 

term , b ut also on herbage supply, composition and growth in the long term; with 

subsequent effects on milk production. The overall  effect of short term variations i n  

pasture al lowance and composition on dairy farm productivity i s  difficult to predict. 

5 .  P rairie grass is a short lived perenn ial reputed for h igh cool a nd warm season 

growt h ,  and hig h nutritive value. There is no evidence to date of i mproved milk 

produ ction per cow or per h ectare from incorporating prairie grass i n  a pastoral 

dairy p roduction system. The effects of variations in compositio n  of Matua prairie 

grass pasture on milk production are not known. 
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MATERIALS AND METHODS 

COMMON TO ALL EXPERIMENTS 

3.1 EXPERIMENTAL SITE 
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The experiments reported in the present thesis were conducted between January 1 987 and 

May 1 989 at M assey U nivers ity's No.  4 Dairy Farm (Experiment 1 )  and Dai ry Cattle 

R esearch U nit ( Experiment 2) . The two properties are adjacent to each other and are 

operated a s  seasonal-supply dairy farms. NO. 4 Dairy is a 1 37 ha  farm supporting 

approximately 400 milking cows and their replacements. The Dairy Cattle Research Unit 

(DCRU) supports 1 20 cows with replacements on 48 ha. These farms are approximately 

75m above sea level and are within the immediate vicinity of Massey University located at 

400 23' S and 1 750 37' E .  

The soil type is Tokomaru silt loam (Cowie et  at. ,  1 972) and is  characterized by a 1 5-30 cm 

layer of heavy silt above a mottled clay loam, but the farms are extensively tile- and mole

drained. 

The predominant pasture species at the beginning of these studies were perennial ryegrass 

with white clover (1 00% of DCRU and 85% of No. 4 Dairy Farm), and Matua prairie grass 

with red clover ( 15% of NO. 4 Dairy Farm). These pastures are fenced into paddocks of 

approximately 0.8 ha at the DCRU, and 2.5 ha at No. 4 Dairy. Surplus herbage occurring 

during mid to  late spring is conserved as si lage, and any hay fed on  t hese farms is 

purchased. Concentrates are not fed. 

Approximately 375 kglha of 1 5% potassic superphosphate is applied in one dressing during 

autumn, and 50 kglha of urea nitrogen is applied in two dressings during autumn and early 

spring. 

3.2 WEATHER 

Monthly meteorological data for the period May 1 986 to April 1 989, with 30 year means, are 

presented i n  Appendix 5 . 1  a,b. These data were recorded by the Grasslands Division, 

D epartment of Scientific and I ndustrial Research (DSIR, now Crown Research Institute 

(CRI) ,  Palmerston North, situated 1 km North-East of the experimental site. 



3.3 S EASONS 

During the entire study, seasons were categorized as follows: 

early spring : September/mid October 

late spring Late October/early December 

summer M id December/early March 

autumn Mid March/May 

winter : June/August 

3.4 SWARD MEASUREM ENTS 

3.4.1 Sward surface height 
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Sward height (cm) was measured with a ruler (1 00 cm long), before and after grazing, at 

regular i ntervals along a diagonal transect using the first contact technique (Bircham and 

Hodgson, 1 983b). The reading taken was the highest point, on the same side of the ruler, in 

contact with any live part of a plant (Matua swards) or live leaf (perennial ryegrass swards). 

The measurements were made on undisturbed sward canopy within 36 hours before and 

after grazing . .  Forty readings were taken per plot or replication on each measurement day. 

3.4.2 Herbage mass (kg DM/ha) 

Pre-grazing and post-grazing ( residual )  herbage masses (PHM and RHM, respectively) 

were estimated for each replication within 36 hours before and after grazing. Herbage 

within rectangular quadrats placed at regular intervals along a diagonal transect was cut to 

ground level ,  usin g  a sheep-shearing hand-piece powered by a portable  petrol motor 

(Frame, 1 981 ) .  The size of the quadrats used and the number of quadrats cut are indicated 

u nder experimental procedures specific to each experiment. 

Herbage cut for estimating herbage mass was bulked within each replication, mixed and 

s ubsampled for determination  of pasture composition (Experiment 1 ), and washed to 

minimize soil and faecal contamination. The washed herbage was dried at 80°C for 36-48 

hours in a forced-air draught oven and weighed. Herbage masses (kg DMlha) were then 

calculated. D ry weights of subsamples taken from herbage cut for estimating herbage yield 

were included in herbage mass calculations. 



3.4.3 Sward bulk density 
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Sward bulk density (kg DM/ha per cm sward surface height) of pre-grazing herbage was 

calculated by dividing herbage mass by the mean surface height of the swards. 

3.4.4 Morphological components of herbage 

Fresh or frozen (-20°C) pre- and post-grazing herbage subsamples (1 0-20 g dry weight) 

were d issected manually into ryeg rass and/or p rairie grass stem ,  leaf lamina and 

inflorescence; clover leaf and stem; other species leaf lamina and stem; and into senescent 

matter. The specific definitions of these herbage components are given in Section 3.7. 

The dissected components were washed and either dried at ao°c for 24-36 hours in a 

forced-air draught oven (Experiment 1 )  or freeze-dried (Experiment 2) and weighed. Their 

relative proportions in the swards were calculated on percentage dry weight basis. Actual 

mass of each component in the swards was calculated using the percentage composition of 

the  component in the herbage.  Details of herbage subsampling and sample handling 

protocols are g iven under the specific experiments in  Chapters 4 and 5. 

3.4.5 Botanical composition 

The botanical composition of the herbage on offer was determined by summing the dry 

weights of the  morphological components of individual plant species, as described in 

Section 3.4.4 but excluding senescent matter, and calculating the proportion of each plant 

species in t h e  p re-grazing h erbage based o n  d ry green b iomass.  The  botanical  

components of  the swards were categorized into Matua prairie grass, clover and other 

species for Matua swards; and ryegrass, clover and other species for perennial ryegrass 

swards. This approach saved time by eliminating duplication of the labour-intensive task of 

herbage dissections. 

3.4.6 Net herbage production 

N et herbage production (kg DMlha) was calculated as the difference between pre-grazing 

herbage mass at the subsequent grazing and post-grazing mass of the previous grazing. 

Rates of net herbage production (kg DM/halday) were obtained by dividing net herbage 

production by the number of days between consecutive grazings. No attempt was made to 
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quantify dry matter disappearing through death and decomposition or herbage accumulating 

between pre- and post-grazing herbage cuts and grazing. 

3.4.7 Chemical composition and digestibility of herbage 

Dried samples of total pre-grazing herbage, ryegrass and prairie grass whole plants, and the 

leaf and stem fractions of ryegrass and prairie grass plants were bulked per experimental 

plot or paddock within  each season per year. Dried samples of inflorescence and dead 

matter were bulked within treatments (swards types) as mentioned above. Samples for the 

determination of gross energy, neutral detergent fibre (NDF), acid detergent fibre (ADF) and 

lignin were also bulked, after grinding, within sward types during each season within a year 

on equal weight basis. Results of chemical determinations of samples bulked within sward 

types or treatments are reported as simple means with their standard deviations. Dried 

herbage samples were ground using a 1 mm sieve on a Thomas Wiley Laboratory mill 

(Model E D-5 , Thomas Scientific , USA) . All analyses were made in dupl icate , and 

expressed on a DM basis. 

3.4.7.1 Organic Matter 

Organic matter (OM) was determined on 2 g samples as a loss in weight after incinerating 

the  sample for 1 8  h at 500°C in a muffle furnace (McGregor and Sons (NZ) Limited) 

(Association of Official Agricultural Chemists, 1 975). Ash content was the residue remaining 

following incineration of the sample. 

3.4.7.2 Total N itrogen 

Total N was determined by the Kjeldahl procedure, using 0.3 - 0.35 g dry herbage samples. 

The samples were digested (Digestion System 20; T ecator Ltd . ,  Sweden) in 1 0  ml of 

concentrated H2S04 for 25-50 minutes at 420°C, using a selenium catalyst (Macrokjeltab; 

1 5  mg Se; 3000 mg K2S04).  After digestion, the samples were cooled , diluted with 30 ml 

d ist i l l ed water ,  and steam-dist i l led on the Kjeltec Auto Analyser 1 030 (Tecator Ltd . ,  

Sweden) .  The acid digest was made strongly alkaline by automatic dispensing of 50  ml of 

NaOH (40% w/v) . The ammonia released was distilled into 25 ml  boric acid (1  % w/v) 

containing the mixed indicator bromocresol green and methyl red, and automatically titrated 

with 0. 1 M HC!. The % ammonia recovery by the distillation process was determined by 

using ovendried (temperature 1 00°C) (NH4)2 S04' and was 99-101 %. 
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3.4.7.3 G ross energy 

Heat of combustion was determined by using an adiabatic bomb calorimeter. The herbage 

samples were made i nto 0 .6 - 0 .8  g (OM basis) pel lets ,  on a briquette press ( 1 2 mm 

diameter) prior to combustion. 

3.4.7.4 Cell-wall constituents 

Neutral detergent fibre . (NOF) ,  acid detergent fibre (AO F) and l ignin were determined 

according to Robertson and Van Soest (1 981 ) .  

3.4.7.5 Digestibility determinations 

Estimates of dry matter digestib i l ity (OMO),  organic matter digestibi l ity (OMO) and the 

amount of d igestible organic matter  expressed on a dry matter basis (OOMO),  were 

obtained using the i n  vitro cel lu lase incubation method (Roughan and Holland , 1 977; 

Oowman and Collins. 1 982). Six herbage standards. of known apparent in vivo OMO, OMD 

and OOMO, were included in each sample batch,  and the relationships betweenJhe in vivo 

and in vitro values for these were determined by linear regression. The digestibility results 

reported in the text are apparent in vivo values predicted from the regression equations. 

The OMO range of the pasture herbage standards was 72.1 to 81 .0 %. Standards of hay 

with OMO range of 56.3 to 61 .9% were used in the in vitro runs to predict apparent in vivo 

digestibilities of senescent matter in the pasture herbage. 

3.4.7.6 Metabolisable energy 

The ME concentration of herbage samples was calculated from their predicted OOMO (0 
valu e) according to the following equation of MAFF (1 975), modified s l ightly for New 

Zealand pasture herbage (Ulyatt et aI . ,  1 984): 

M E  (MJ/kg DM) = 0. 1 63 (% DOMO) 

Estimates of ME using the above equation agreed closely with estimates derived from the 

relationship (ME MJ/kg OM = 0.1 81 ± 0.01 OMO% - 2.68 ± 0.66 (Bryant and Trigg,  1 982» . 

The former equation was chosen for simplicity. 
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Masses of the morphological components of herbage (kg OM), total N and digestible organic 

matter (DOMD) (g/m2) were calculated from the % composition of the component in the 

herbage. 

3.5 OTHER MEASUREMENTS 

3.5.1 Sward measurements 

The p rocedu res employed in measuring t i l ler  density, vertica l d istribution of sward 

components , da i ly h erbage a l lowance, and d iet composition, by the sward sampling 

technique, are explained in the experimental procedures sections of Chapters 4 and 5. 

3.6 EXPERIMENTAL DESIGN AND STATISTICAL PROCEDURES 

3.6.1 Experimental designs 

The design used in the two experiments, to test the effects of sward types created by 

differential defoliation regimes, on the measured or derived sward and herbage variables, 

was a split-plot in time (Steel and Torrie, 1 980). Sward types constituted the main plots and 

seasons the sub-plots. Details of the specific treatments are presented in Chapters 4 and 5. 
The analysis of data from a split-plot design results in two different estimates of natural 

variation (error mean square) . The larger of the estimates is associated with the whole 

plots, and the smaller with the sub-plots. This enables a more precise examination of the 

factor allocated to the sub-plot (Steel and Torrie ,  1 980; Stokoe, 1 983). 

I n  Experiment 1 ,  the three Matua prairie grass sward types were laid out in a randomized 

complete block arrangement with three blocks but with unequal observations. These arose 

from differences in grazing and cutting (sampling) frequencies of the different sward types, 

over  the one year period. In Experiment 2, in which one ryegrass and two Matua sward 

types were being compared, the basic experimental layout was similar to that of Experiment 

1 b ut with fou r  replications (b locks) . Additional detai ls of the design are presented in 

Chapter 5. 
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Data for sward characteristics (herbage y ie lds, tiller density, sward height, botanical and 
morphological components) and chemical composition of herbage were subject to analysis 

of variance, to examine the s ignificance of between sward type and between season 

differences, using a Generalized Linear Models procedure (SAS, 1 985) . The linear model 

used to describe the data for a balanced split-plot in time design with unequal observations 

was: 

Y" k  IJ = 

where y .  O k 1 J  

B ·  1 

T ·  J 

(BT) i j 

Sk 

(BS)ik  

= observation in the  ith b lock from the jth swa rd 
type during the kth season 

:::: overall mean 

:::: 

:::: 

:::: 

:::: 

:::: 

::: 

:::: 

effect of the ith block; i = 1 ,2,3 (Experiment 1 )  or i 

= 1 ,  . . .  ,4 (Experiment 2) 

effect of the jth sward type; j=l ,2,3 

error term associated with the jth block and the jth 

sward type 

effect of the kth  season; k = 1 ,  . . .  ,4 

(Experiment 1 )  or k = 1 ,  . . .  ,8 (Experiment 2) 

error term associated with the ith  block and the 

kth season 

interaction between the jth sward type and the kth 

season 

random residual  e rror associated with the it h 

block, the jth sward type and the kth season; 

and (BT)ij ' (BS)ik and eij k are assumed to be normal ly and 

independently distributed with mean 0 and variance cr2 . 
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The significance of the effects of sward type and season were tested using block x sward 

type i nteractions «BT)ij) and block x season interactions {(BS)ik)' respectively, as error 

terms; and sward type x season interactions were tested using the random residual error. 

Analyses of data expressed as percentages were performed on untransformed data as they 

d id  not violate the assumptions of normality for analysis of variance (Sokal and Rohlf. 1 98 1 ) .  

Year effects ( Experiment 2) were not isolated i n  the genera l  l inear models used as it was 

d e emed u n necessary. and because of the  complexity of i nterp reting  h igher order 

interactions. 

3.6.3 Presentation of data 

The symbols + . .... .... , *** and N S  (not significant) are used thro ughout the text to indicate 

sign ificance levels of P<0. 1 0. P< 0.05, P<O.Ol . P<O.OOl and P>0.05. respectively. Unless 

i n dicated otherwise. a l l  means presented are least squares means (Ism) and their  

associated standard errors (S.E . 1 sm)'  The abbreviation "Sign." stands for significance level. 

Other abbrevi ations i n  the  text are defined in the list of abbreviations, fol lowing the 

acknowledgements page. 

3.7 DEFINITIONS OF TERMINOLOGY 

The terminology and definitions used in this thesis are according to the recommendations of 

Hodgson ( 1 979) for grazing studies, Thomas (1 980) for studies of grassland plants and 

Bryant and Holmes ( 1 985) for pasture uti lization criteria. Otherwise, the definitions of 
terminology that are specific to this thesis are given below: 

greenllive 

senescent/dead 

matter 

whole plant 

grass leaf 

refer to plants or morphological components of 

plants that were less than 50% chlorotic. 

any plants or parts of a plant that were more than 

50% chlorotic. 

refers to a live ryegrass or prairie grass plant cut to 

g round leve l .  with senescent parts.  if any. st i l l  

attached. 

ryegrass or prairie g rass leaf lamina including the 

l igule but not the leaf sheath. 



grass stem 

clover leaf 

clover stem 

inflorescence! 

seed-head 

other species 

sward leaf 

sward stem 

3.8 SCIENTIFIC NAMES 
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ryegrass or prair ie grass pseudostem and true 

stem in reproductive tillers. 

leaf lamina and petiole. 

any above ground stolon protruding above the 

cutting height including the f lower-head. 

ryegrass or prairie grass flower-head beyond the 

f lag leaf. 

grasses other than ryegrass in perennial ryegrass 

swards or other than prairie grass in Matua swards, 

and broad-leaved weeds. 

green/live leaf laminae of al l  p lants in the sward. 

green/live stem of all p lants in the sward. 

The scientific names of grass and weed plants, pests and disease-causing fungi mentioned 

in the present thesis are l isted below. 

3.8.1 Pasture plants and weeds 

Grasses 

Brown top 

Cocksfoot 

Phalaris 

Poa 

Ryegrass 

Agrostis capillaris L. 

Dactylis gJomerata L. 

PhaJaris aquatica L. 

Poa spp. 



(perennial) 

Ryegrass 

(Westerwolds) 

Tall fescue 

Yorkshire Fog 

Legumes 

Clover (white) 

Clover (red) 

Lotus 

Sainfoins 

3.8.2 I nsect pests 

Argentine stem 

weevil 

Grass grub 

Hessian fly 

3.8.3 Pathogenic fungi 

Anthracnose 

Endophyte 

(Lolium) 

Head smut 
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Lolium perenne L .  

Lolium multiflorum Lam. 

Festuca arundinacea Schreb. 

Ho/cus /anatus 

Trifolium repens L. 

Trifolium pratense L. 

Lotus pedunculatus 

Onobrychis spp. 

Listronotus bonariensis Kuschel. 

Coste/ytra zealandica White 

Mayetio/a destructor Say. 

Col/etotricum graminicola Wilson. 

Acremonium lolii. 

Ustilago bullata Berk. 



C H A P T E R  4 

INFLUENCE OF GRAZING REGIME AND SEASON 

ON THE GROWTH AND COMPOSITION OF PRAIRIE 

GRASS-RED CLOVER SWARDS 

(EXPERIMENT 1) 

4.1  I NTRO DUCTION 
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N ew Zealand's dairy p roduction rel ies h eavily on grazed pastures based on perenn ial 

ryegrass (LoJium perenne L.)  and white clover. Periods of drought in summer/autumn, and 

of low temperatures in autumn/winter, often reduce feed supply, shortening the lactation 

period (Bryant and Holmes, 1 985; Thom et ai . ,  1 989; Bryant 1 990b) . A number of grass 

species with supposedly better summer/autumn/winter p roduction potential and insect 

to lerance than perennia l  ryegrass have become avai lable over the last twenty years 

(Rumbal\, 1 974; Lancashire, 1 985a, b; Belgrave et aI., 1 990) . Consequently, dairy farmer 

i nterest i n  using these g rasses i ncreased in the 1 980s; prairie grass (Bromus willdenowii 

Kunth) is especially favoured as a potential alternative or complement to ryegrass (Thorn 

and Prestidge, 1 988; McCallum, 1 987; Penny, 1 987; Belgrave et aI . ,  1 990) . However, very 

few studies have been conducted to evaluate the effects of different defoliation regimes on 

t h e  g rowth ,  composition and nutritive value  of prairie grass cv. Grasslands Matua in an 

applied dairy cattle production system (Brookes and Holmes, 1 986; Thorn and Prestidge. 

1 988). There are some data on the composition of prairie grass pastures grazed by young 

bul ls (Crush et aI . ,  1 989; Boom and Sheath, 1 990). These and similar data obtained from 

smal l  plot evaluations of new pasture species, either by cutt ing or "on-off" grazing by 

classes of stock other than dairy cows. may not be applicable to dairy farming situations 

(Korte and Harris, 1 987; Thom and Prestidge, 1 988) . 

The objective of the present experiment was to assess the effects of grazing regime (low. 

medium or h igh pre-graz ing h erbage mass) by dairy cows , over a range of seasons 

(summer, autumn. winter and spri ng) . on the growth and composition (including digestibi lity) 

of Matua prairie grass grown in association with red clover ( Trifolium pratense) . 

4.2 EXPERIMENTAL PROCEDURE 

The experiment was conducted for 1 0  months (mid January, 1 987 to mid November, 1 988) 

on  four year old predominantly Matua prairie grass-red clover swards. Dairy cows (lactating 
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from early spring to autumn  but non-lactating during winter) were used to defoliate the 

swards. No animal measurements were made. 

4.2.1 Pasture establishment 

Two paddocks (2.5 ha each) on M assey Un iversity's No. 4 Dairy Farm, (described in  

Section 3. 1 )  were sown in 1 982 under prairie grass cv. Grasslands Matua and red clover cv. 
G rasslands Pawera. Seed rates were 40 kg Matua and 5 kg red clover per hectare. Grazing 
management during the first two years of sward establishment was lax (2200-3000 kg 

D M/ha post-grazing herbage mass) and infrequent (5-6 week rest periods) . Such a grazing 

regime was thought to favour the persistence of Matua prairie grass (Rumball. 1 974; Ridler, 

1 986) . D u ri n g  the  fo l lowing  two years ,  t h e  swards were g razed more intensely 

(approximately 1 500 kg DM/ha post-grazing mass) but sti l l  maintaining 5-6 week defoliation 

intervals. The change in grazing strategy was intended to improve the harvesting efficiency 

of the dry matter grown while maintaining sward persistence (Matthews, 1 986).  Ferti lizer 

was applied as described in Section 3.1 . Herbage mass was estimated using an Ell inbank 

rising plate pasture meter (Holmes, 1 974; Earle and McGowan, 1 979) . 

P rior to the start of this study, however, the swards had thinned out considerably, with other 

p lant species, mainly perennial ryegrass, having partially replaced Matua prairie grass. 

4.2.2 Preparation of experimental plots 

One of the two Matua paddocks at No. 4 Dairy Farm was selected for this experiment, and 

was grazed by lactating dairy cows to approximately 1 500 kg DMiha post-grazing herbage 

mass on 9 November 1 900. U rea was applied at 32 kg N/ha the following day, and 0.43 ha 

of the paddock was fenced into 3 blocks with 3 subdivisions (experimental p lots) per block, 

each measuring 1 2  m x 40 m (0.048 ha) . The nine experimental plots were grazed again on 

2 December 1 986 to a common post-grazing herbage mass of approximately 1 700 kg 

D M/ha. The experimental plots were irrigated for one month starting 4 December, 1 987 

fol lowing a very dry November. The three experimental g razing regimes and resultant 

sward types (treatments) were then randomly assigned to the plots within each block, and 

the  resulting treatment combinations per block were assigned at random to the three blocks 

(replications). The periods of sward measurement are shown in Table 4.2. 

4.2.3 DeSign and treatments 

The experimental design was a split-plot in t ime with th ree repl ications in randomized 
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complete block arrangement as described under Section 3.6. 

The treatments (sward types), created and maintained by differential grazing management, 

and their respective target pre- and post- grazing herbage masses are shown in Table 4.1 . 

Table 4.1 

Treatment 

(Sward type) 

low mass (lM) 

I ntermediate 

mass ( 1M) 

High mass (HM) 

Treatments and their nominal target pre- and post- grazing 

herbage masses. 

Target herbage mass (kg DM/ha) 

Pre-grazing (PHM) Post-grazing (RHM) 

2000 - 3000 

3000 - 4000 

4000 - 6000 

1 ,000 - 1 ,500 

1 ,500 - 2,000 

2,000 - 3,000 

Target herbage masses and ranges shown represent herbage dry matter yields that would 

normally be encountered in New Zealand when Matua swards are subjected to intense

infrequent, intermediate, and lax-infrequent defoliation regimes for lM, 1M and HM sward 

types ,  respectively ( R umba l l ,  1 974;  Rid ler ,  1 986 ;  B rookes and Ho lmes ,  1 986) . 

C orresponding defoliation intervals wou ld be 4-5, 5-6 and 6+ weeks (Rumbal l ,  1 974; 

Cosgrove, 1 986) . Actual herbage masses achieved during this study are presented in Table 

4.2 in Section 4.3. 

The three sward types were defoliated and sampled at varying frequencies during each of 

the four seasons (defined in Section 3.3) , i .e. summer. autumn, winter and spring. 

Dates of defoliation (grazing) and sward sampling. and defoliation intervals (days) for each 

treatment during each measurement period (season) are outlined in Appendix 4.1 .  

4.2.4 Experimental g razing management 

During each grazing period 20-30 cows were allowed access to the appropriate treatment 

plots at 0800 to 0900 hours. The three replications of each sward type were grazed 

s imultaneously , and were sampled on the same day. The cows were removed from 

individual plots when target RHM (estimated by eye) had been reached, or when further 

grazing seemed unlikely. 
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Time spent by the cows on each plot varied from 2 to 5 hours depending on the pre-grazing 

herbage mass, season ,  the day's weather, state of satiety of the cows on entry into the 

plots, and on the need to minimize herbage trampling and sward damage. 

Each treatment was grazed as soon as possible after average PHM, estimated using an 

El linbank rising plate pasture meter (after calibration) , reached the target PHM. 

4.2.5 Sward measurements 

The following variables were either measured or derived, as discussed in Chapter 3, during 

each measurement (defoliation) period: 

pre- and post-grazing herbage mass (kg DM/ha) 

pre- and post-grazing sward surface height (cm) 

rate of net herbage production (kg DM/ha per day) 

botanical and morphological components of herbage 

before grazing (% of dry weight) 

concentrations of total nitrogen and ash in the herbage 

before grazing (% of dry weight) 

apparent digestibility of herbage on offer and prairie grass 

masses of nitrogen and digestible organic matter in the dry matter 

(g/m2) at the time of sampling (measurement). 

H erbage mass was estimated by cutting eight (pre-grazing) and six (post-grazing) quadrats 

(0 . 1 891 m2) per experimental plot as outl ined in Section 3.4.2. Three subsamples were 

taken from the bulked pre-grazing herbage from each plot for: 

(i) dissection into herbage morphological components and determination 

of botanical composition. 

(ii) chemical analysis and determination of apparent digestibility. 

(iii) separation of prairie grass plants for chemical analysis and to determine 

apparent digestibility of prairie grass alone. 

Masses of total N and digestible organic matter in  the dry matter (DOMD) (glm2) were 

calculated as was explained in Section 3.4.8. 
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The data were subject to analyses of variance according to a split-plot in time design ,  with 

u nequal  observat ions, i n  a randomised complete block arrangement .  Sward types 

constituted the main plots and seasons the sub plots (see also Section 3.6.2).  

4.3 RESULTS 

4.3.1 Grazing frequency 

The dates during each of the four periods of measurement (summer, autumn, winter and 

spring) on which each of the three treatments (low mass, LM; intermediate mass, 1M ;  high 

mass, HM) were grazed, and the intervals (in days) between grazing are presented in 

Appendix 4 . 1 . During the ten months experimental period (January 1 986 - November 

1 987) , the LM treatment was grazed eight times, and six times for both the 1M and HM 

treatments. Grazing intervals (mean ± standard deviation) were LM, 45 ± 1 1  days; 1M ,  60 ± 

8 days; and H M  61 ± 1 3  days. These grazing intervals were generally longer during the mid 

autumn/winter period (range 47 - 8 1  days) . 

Average daily temperatures during the experimental period were similar to the 30 year 

averages (Appendix 5 .1 ) ,  although total rainfall was 22% lower than the 30 year average, 

particularly during the months of November and December,  1 986, and May to August, 1 987. 

Consequently,  the exper imental  p lots were i rrigated for one  mont h ,  fol lowing pre

experimental grazing on 2 December, 1 986. Precipitation in N ovember/December, 1 986 

was 28 vs 92 mm 30 year average. 

4.3.2. Herbage mass, sward height and net herbage production (NHP) 

Herbage mass 

P re-grazing (PHM) and post-grazing or residual (RHM) herbage masses for each sward 

type,  averaged across periods ,  a re presented i n  Table 4 .2 .  The proposed grazing 

intensities for each sward type (Table 4. 1 )  were generally not achieved. Actual average 

PHMs were higher than the proposed range by 1 .4, 2.5 and 0.7 t DM/ha for LM, 1 M  and HM 

sward types, respectively. Corresponding average values for R HMs were higher by 0.4, 0.6 

and 0.5 t DM/ha. These differences between the proposed and actual herbage masses 
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were evident only in the summer and spring periods (Appendix 4.2) . Average PHMs were 

simi la r  for the 1 M  and HM t reatments (mean 6.6 t DM/ha) ,  but were smaller for the LM 

treatment (4.4 t DMlha, P < 0.01 ) .  Average RHMs were slightly smaller for LM than 1M  (NS; 

P >  0.05; mean 2.3 t DMlha) , but were greater (mean 3.5 t DM/ha) for HM (P < 0.01 )  than 

those of the remaining sward types. 

H owever, there were significant (P < 0.01 ) season x treatment effects for PHM and not for 

RHM,  but for both variables the simple effects of season were highly sign ificant (P < 0.001 )  

(Appendix 4.2) . Compared with the remaining sward types, PHMs from LM swards were 

smaller in the summer, autumn and spring, and were similar to those of 1M in winter. Those 

of H M  were greatest in summer, were slightly-greater (P > 0.05) than those of 1M in autumn 

and winter but were smaller in spring . Generally, PHMs were highest in the spring; were 

sl ight ly lower i n  summer, decreased substantially in autumn, and more steeply in winter. 

Post-grazing masses, averaged across sward types, differed significantly between periods 

(spring > summer > autumn > winter; means 4. 1 ,  3.2, 2 .2 and 1 .3 t DM/ha respect ively; 

Appendix 4 .2) . 

Sward height 

P re-grazing (PSH) and post-grazing or residual (RSH) sward surface heights, averaged 

across periods, are also presented in Table 4.2. mean values for PSH were for HM, 1M and 

LM ,  respectively, 32cm, 28cm and 24cm (HM > LM,  P < 0.05; HM = 1M; 1M = LM), but 

t reatment effects were not significant (P = 0.07) . Corresponding values for RSH were 

1 2c m ,  gcm and 7cm (HM > 1 M  > and LM , 1M  = LM; P < 0 .01 ) . Season x treatment 

interactions were significant for both variables (P < 0.01 , Appendix 4.2). PSH was similar 

for the three sward types in summer and winter (average 34cm); that of HM was greater 

than that of LM in autumn but it was similar to that of 1M during this period and during spring. 

L M  and 1 M  swards showed similar values for PSH in autumn , but LM swards were the 

shortest in spring. Post-grazing sward heights for the three treatments were similar during 

summer and winter. They tended to be greater for LM and HM swards than the 1M swards 

in  autumn; and were similar and greater in HM and 1M swards than LM swards in  spring. 

Averaged across treatme nts , PSHs were general ly similar  i n  autumn and winter, but 

increased steeply in spring ,  and remained high in summer (Appendix 4.2) . RSHs were very 

high i n  spring, compared with other times when they were generally constant (Appendix 2). 

Net herbage production 

Rates of net herbage production (NHP), averaged across periods, are presented in Table 
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4.2.  The rate of NHP was slightly smaller (NS) for HM swards compared wtih the remaining 

sward types, and the simple effect of sward type was not sign ificant (P > 0.05) for this 

measurement (average 67 kg OM/day) . Season had a significant effect (P < 0.001 ) on rate 

of N H P, but season x treatment interaction was not significant (Appendix 4.2) . Rate of NHP 

was significantly (P < 0.05) g reater in spring (average 1 1 2 kg OMlha daily) than in summer 

(average 84 kg OMlha daily), and these were significantly greater (P < 0.001 ) than those in 

autumn and winter (average 33 vs 22 kg OMlha daily respectively; P = 0. 1 0) .  

4.3.3 Pasture Composition 

Botanical composition of herbage 

Averaged across periods, there were no significant treatment differences (P > 0.05) in the 

percentages of prairie grass, red c lover or other species (Table 4 .2).  However ,  the 

percentage of other species was slightly greater in HM swards compared with those of LM 

and 1M swards (P > 0.05). Average concentrations of these components in the pre-grazing 

herbage were Matua prairie g rass 38%, red clover 32% and other species 1 0%.  The 

percentage of dead matter in the LM and 1M swards was similar (average 1 9%), and was 

significantly smaller (P < 0.05) than that in  HM swards (mean 22%). 

Season x treatment interactions were not significant for % other species and % dead matter 

contained in the pre-grazing herbage, but were significant for % prairie grass (P < 0.01 ) and 

% red clover (P < 0.05) (Table 4.3). Percent Matua prairie grass was greater in 1M swards 

dur ing spring (63%) compared with the remaining treatments which contained similar 

percentages of Matua (average 43%). At other times, % Matua in the herbage did not differ 

significantly between the treatments (P  > 0.05), although in summer it was slightly greater in 

LM and HM swards than in 1 M  swards, and was slightly greater in LM and 1M swards than in 

the H M  swards in autumn. The 1M swards contained approximately one fifth of the clover 

content measured in LM and H M  swards in spring,  whereas in winter the HM swards 
, 

contained approximately ha lf of the  same component i n  LM and 1M swards. These 

differences in % clover content in the herbage were significant (P < 0.01 in winter, P < 0.05 

i n  I spring) .  I n  summer and autumn % c lover i n  the three sward types did not differ 

significantly. 

The seasonal patterns of the botanical composition of the herbage before grazing are given 

in Table 4.5. The simple effects of season were highly significant (P < 0.0 1 )  for % prairie 

g rass, % red clover and % other species, and were significant (P < 0.05) for % dead matter. 

H owever, only general seasonal trends wil l be presented for % prairie grass and % red 
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clover in  view of the interaction effects highlighted previously. Averaged across treatments, 

the percentage of Matua in the herbage was s imilar and was general ly smaller in the 

summer and autumn (average 26 %), but showed a two fold increase in  the winter and 

spring periods (average 5 1 %) .  The opposite trend was observed for % red clover. Summer 

herbage generally contained more than 50% red clover, which decreased slightly in autumn, 

and to greater extent in winter and spring (range 8-56%) (see also Plate 4 . 1 ) .  Percent other 

species in summer did not differ significantly from that in autumn (average 3%), but it 

showed a four fold increase in winter (mean 1 1  %) and a seven fold increase in spring (mean 

2 1 %) . Percent dead matter in summer was similar to that in winter (average 1 6.7%); it 
i ncreased to similar values in autumn and spring (average 23%). 

Morphological composition of herbage 

Morphological compositional details of the three sward types, averaged across the periods 

of measurement, are also presented in  Table 4.2. 

The low mass (lM) swards contained a larger proportion of g reen leaf than the intermediate 

mass ( 1M) or high mass (HM) swards (P < 0.0 1 ) ,  while the 1M  and HM swards contained a 

similar  but larger proportion of stem ( P  < 0.01) .  The proportions of seed head, clover leaf or 

clover stem contained in the herbage did not differ significantly between the three sward 

types (P > 0 .05). The lM and 1M  swards contained a larger leaf:stem ratio than the HM 

swards although those of clover leaf and clover stem were slightly higher in lM and HM 

swards, respectively, than in the remaining sward types (P  < 0.05) . Mean values for grass 

leaf were lM 56%, 1M and HM 45%; for green stem values were lM 26%, 1M and HM 33%; 

and for seedhead, clover l eaf and clover stem values were 4, 22 and 1 0%, respectively. 

Values for leaf:stem ratio were lM and HM 2.4, and 1 .7 for HM swards. 

Season x sward type interactions were significant for all the morphological components of 

herbage, except for clover leaf and leaf:stem ratio (Table 4.4). 

The lM swards contained a greater proportion of green leaf than the 1M or HM swards in 

sp
i
ring and summer; values for lM, 1 M  and HM swards did not differ significantly in autumn, 

but were slightly lower for HM swards. In winter the proportions of leaf in LM and 1M swards 

were similar, and were greater than that of HM swards. The proportion of leaf in HM swards 

was slightly smaller (NS) than that of 1M swards in summer, but it was greater in spring. 

The p roportions of green stem in the three sward types did not d iffer significantly in autumn 

or winter, although those in HM swards were generally the highest (NS). LM and 1M swards 
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contained similar proportions of g reen stem in summer, which were significantly smaller 

than that of HM swards (P < 0.01 ) .  During spring the proportion of stem was smallest in LM 

swards and greatest in 1M swards,  that of HM swards was intermediate; the differences 

between means were significant (fable 4.4) .  

Differences between the three sward types in the proportions of seed heads were apparent 

only in spring and summer; during other periods the proportion of seedheads in the swards 

was negl igible. The H M  swards contained a greater proportion of seed heads in summer 

t han LM or 1 M  swards ,  which contained simi lar values.  In spring, the proportion of 

seedheads was significantly smaller in-LM swards than 1M or HM swards. 

The LM and 1M swards contained similar proportions of clover leaf in summer and winter, 

which were greater than those of HM swards. The proportions of clover leaf in the three 

sward types were similar in winter; LM and HM swards contained similar proportions of 

c lover leaf in spring, which were greater than that of 1M swards. 

The effects of season on the morphological components of herbage are shown in Table 4.5 

Of all the herbage components only clover stem and the leaf:stem ratio were affected by 

season independent of sward type (Table 4.4) .  Averaged across sward types, the proportion 

of clover stem was greater  in summer compared with autumn; winter and spring values 

were similar, but it declined substantially during the later periods compared with the former 

periods. The leaf:stem ratio was greatest in autumn, it decreased significantly in winter, 

spring and summer. The smallest value for leaf:stem ratio was observed in spring, when it 

was less than half the values measured in the remaining periods. 

In general, the proportion of total green leaf was highest in winter, intermediate in summer 

and autumn and lowest in spring; that of green stem was high in spring and summer, but the 

autumn and winter values were approximately one half those of the remaining periods. The 

proportion of clover leaf was high in summer and autumn, but decreased steeply in winter 

and spring. 

I 

4.3.4. Herbage quality 

Effects of sward type on herbage quality 

Mean values, averaged across periods, for the concentration of nitrogen and apparent 

digestibility (measured in vitro) of herbage before grazing, and of prairie grass whole plants 

are presented in Table 4.6. Nitrogen concentration (OM basis) in the total herbage was 
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greatest in LM swards (2.8%) , intermediate in 1M swards (2.6%) and smallest in HM swards 

(2 .3%) (P  < 0.00 1 ) . Percent N i n  prairie grass whole p lants did not differ sign ificantly 

between sward types (average 2.6%), but it was slightly higher in plants from the LM swards 

( P  > 0.05). Actual differences in  % N of the total herbage and of whole plants from the three 

sward types were small. 

A pparent digestibil ity of o rganic matter (% OMD) , averaged across periods, of the total 

herbage was highest in LM swards (69.3%), intermediate in 1M  swards (67.5%) and lowest 

i n  H M  swards (P  < 0.01 ) .  For whole prairie grass plants, % OMD was higher in LM (78%, P 

< 0.01 ) than 1M or HM plants, which contained similar values for this measurement (average 

72.4%). The LM and 1M herbage contained greater concentrations (P < 0.01 )  of digestible 

organic matter in the dry matter (DOMD) , and hence metabolisable energy (ME; calculated) , 

than HM herbage (Table 4.6) .  Mean values in LM and HM herbage were DOMD 61 % and 

M E  1 0  MJ/kg OM; values for H M  herbage were 57% DOMD and 9 .3 MJ M E/kg OM. 

Concentrations of DOMD and ME in prairie grass plants were greater (P < 0.01 ) in LM than 

1 M  o r  H M  plants which contain ed s imi lar  values (Table 4.6) .  Mean values for the 

concentrations of DOMD and ME i n  prairie grass plants were, respectively, LM. 67% and 1 1  

MJ/kg OM; 1M and HM, 63% and 1 0.3 MJ/kg OM. 

I nteractions between season and sward type (Table 4.7) were not significant (P > 0.05) for 

% OMD and DOMD or M E  in the total herbage, but they were significant for % N (P < 

0.00 1 ) .  Percent nitrogen contained in the three sward types did not differ significantly in 

summer; LM and HM swards contained similar % N in autumn which was smaller than that 

i n  1 M  swards. During winter, % N was greater and in LM and similar in  1M swards compared 

with HM swards, while LM swards contained a greater percentage of N in spring than 1M 

and HM swards for which % N was similar. 

For whole prairie grass plants, season x sward type effects were highly significant (P < 0.0 1 )  

for a l l  the components o f  herbage quality measured (Table 4.8). The L M  and 1M  plants 

contained a similar concentration of N in  summer, which was greater than that of the HM 

plants. Differences between the three sward types in  the concentration of N in Matua plants 

w�re not significant during autumn and winter, while during spring % N in LM Matua plants 

was greater than that in 1M  and HM plants, which contained similar values. Percent OMD 

was s l ightly h igher (NS)  i n  LM than 1 M  p lants during summer and winter, but it was 

significantly higher than that of H M  plants during the same periods. The LM and HM plants 

showed similar OMDs in autumn, but % OMD of 1M  plants was significantly lower; while in 

spring the OMD LM plants was higher than those of the remaining treatments, which were 

not significantly different. DOMD or ME concentrations were significantly greater i n  LM than 
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1 M  or  HM plants during a l l  periods of measurement, except during winter when values for 

these variables were not significantly different. The 1M  and HM plants contained similar 

concentrations of DOMD or ME in spring, but those of 1M plants were smaller in autumn. 

Effects of season on herbage quality 

The season of measurement had a significant effect (P < 0.01 ) on the OMD and DOMD or 

M E  of the herbage before grazing, irrespective of the grazing regime imposed (Tables 4.7 

and 4.9). The OMD of the herbage was highest in autumn (73%); it showed a sl ight but 

significant decrease in summer (70%) and a sharp decrease in winter and spring (average 

63%). The calculated ME of the pre-grazing herbage was higher in summer and in autumn 

(average 1 0.2 MJ/kg OM) than winter or spring (average 9.4 MJ/kg OM), 

Percent N (OM basis) in the herbage and all components of herbage quality measured in 

Matua p lants varied with season and sward type. In  which case, only general seasonal 

t rends for these will be outlined. In general, % N of the herbage increased substantially in 

autumn, and reached a peak in winter; N values were lower in spring and summer. Percent 

N in prairie grass plants showed a general trend similar to that of N in total herbage. The 

OMD of prairie grass plants was, in general, highest during the autumn and winter periods, 

intermediate during summer, and was lowest in spring. The concentrations of DOM and ME 

in  Matua plants tended to remain constant during summer through winter, but decreased 

substantially in spring. 

Mass of nutrients 

The masses of N and DOM contained in the herbage at the time of grazing of each sward 

type are presented in Table 4.6. Averaged across the periods of measurement, the HM 

swards contained a greater N mass per square metre of dry herbage than that in LM 

swards; N mass in 1M swards was not significantly different from that contained in either LM 

or HM swards. The overal l  effect of sward type on N mass was not significant (P = 0.09) . 

OOM mass was smaller in LM than 1M or HM swards, which contained similar DOM masses 
\ 

(P < 0.01 ) .  

I nteraction effects of season and sward type on the masses of N and DOM in the herbage 

are shown in Appendix 4.3. Nitrogen mass did not differ between sward types in winter or 

spring ,  but it was slightly small e r  in LM swards in winter, and sl ightly larger in spri ng 

compared with the remaining sward types. In the summer and autumn, N mass was smaller 

in LM swards than in 1M swards (NS in summer; P < 0.01 in autumn), and was smaller than 
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4.4 DISCUSSION 

4.4.1 Herbage mass a nd net herbage production 

82 

Actual pre-grazing and residual herbage masses (PHM and RHM) for each sward type, 

averaged across the periods of measurement, were h igher (by 1 -2 .5t OM/ha) than was 

intended (Tables 4.1 and 4.2) .  However, the difference between the intended and actual 

herbage masses were evident only in  the summer and spring (Appendix 4.2) . The summer 

of 1 986/87 was very dry, and attempts to reduce the moisture deficit by irrigating the swards 

i n  D ecember 1 986 encouraged the accumulation of red clover more than that of prairie 

g rass (Table 4 .3). Similarly, the autumn of 1 987 was drier than average (Appendix 5 . 1 )  

wh ich a lso favoured the g rowth of  red clover compared with that o f  p rairie g rass. 

Consequently, the proportion of red clover in  the herbage from the three sward types (lM, 

1 M  and HM) was very high during these periods (mean 56% in summer, NS; and 47% in 

autumn, NS) , even though it is usually highest during the summer/autumn period (Harris, 

1 978) .  I ncreasing the interval between successive defoliations in summer and autumn to 

allow for more prairie grass growth, also resulted in more clover accumulation .  

G razing intervals during spring were longer than planned, mainly because of  resource 

(labour) constraints during this period. This, and the fact that the spring period was not split 

i nto early and late spring resulted in the large herbage masses reported for the three sward 

types during this period (Appendix 4.2). However, these shortcomings were rectified in the 

subsequent series of experiments. 

Averaged over periods, there was no difference in actual PHM for 1M and HM swards (mean 

6 .6t OM.ha) ; that of lM swards was significantly smaller (4.4t OM/hal. Average RHMs for 

LM and 1M swards were similar (mean 2 .3t OM/hal, and smaller than that of HM swards 

(3�5t OM/hal . The high P H Ms measured may explain the similar rates of net herbage 

production among the three sward types. NHP is usually reduced by intense or frequent 

g razing  (Brougham, 1 959b;  P inne iro and Harris, 1 978a) . At high pregrazing herbage 

masses (within the range of practical interest) rates of net herbage production are generally 

i nsensitive to variations i n  g razing regime (Hodgson et aI . ,  1 981 a; Bircham and Hodgson, 

1 983b). In the present study, the overall small proportion of prairie grass in the herbage 
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may have made only a small contribution to the rates of NHP (Webby et aI. , 1 990) such that 

sward type had no effect on this measurement. In swards with a higher proportion of prairie 

grass compared with that of the present experiment NHP tended to decrease in low mass 

swards relative to high mass swards (Xia, 1 991 , Appendix 5. 1 6) .  

Rates of NHP for the three sward types were greater in summer and spring than in autumn 

and winter (Appendix 2.4). The high summer NHP rates were not surprising in view of the 

high proportion of red clover in the swards (Webby et aI. , 1 990), and due to irrigation during 

December, which alleviated the soil moisture deficit normally experienc_ed during this period. 

Over the year, growth rates of the herbage were greatest in the late spring; the stem 

component constituting the greatest proportion of the herbage particularly in the 1M and HM 

sward types (Table 4.4). This is in accordance with previous reports which show high stem 

accumu lation rates during the spring period (Korte et §!. , 1 984; L'Hui l l ier, 1 987b 

Hoogendoorn et aI., 1 992). 

4.4.2. Botanical and morphological composition of herbage 

The proportions of prairie grass (average 38%), red clover (average 32%) and other species 

(average 1 0%) in the herbage were general ly not affected by sward type, while season x 

sward type effects were evident only in spring and only for prairie grass and red clover 

(Tables 4.2 and 4.3). The lack of sward type effects on the botanical composition of the 

herbage were unexpected. Grazing regimes with cattle that result in low mass swards tend 

to increase the proportions of clover and perennial ryegrass in ryegrass/clover swards 

(L'Huillier and Bryant, 1 987; L'Huillier, 1 987b; Sheath and Boom, 1 985) because of reduced 

shading and increases In tiller density. Similarly the proportion of clover has been reported 

to increase in Matua swards with increasing grazing pressure or frequency with sheep or 

cattle but Matua tiller densities and plant population decreased under such management 

(Pinneiro and Harris, 1 978b , Alexander, 1 985, Black and Chu, 1 989, Thorn et aI., 1 990). 

Conversely, lax infrequent grazing of Matua sward caused reductions in the clover 

component and increased tiller numbers -probably by reductions in tiller death and not by 

increased tillering (Alexander, 1 985; Cosgrove, 1 986, Black and Chu ,  1 989). 

In the present study, the proportion of clover in LM or 1M swards was greater than that in 

H M  swards only during winter. The proportion of clover and Matua in 1M swards were 

smaller than those in the other two sward types in spring (Table 4.3). At other times the 

swards contained similar proportions of clover and Matua prairie grass. The swards used in 

the present study were four years old, and already contained a low proportion of prairie 
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grass and a high proportion of red clover (Table 4.3), which may have influenced the effects 

of the  three g razing regimes. The clover content in New Zealand pastures ranges 

between 1 5-40% depending on grazing management, season and topography (Smetham, 

1 977; Hoglund et aI., 1 979). The prairie grass component in the three sward types showed 

a steady increase starting from a low in summer and reaching a peak in winter, it remained 

high in spring. This was most probably a result of less frequent and lesser intense grazing 

regime compared with the regime used prior to the experiment (Matthews, 1 986; Black and 

Chu,  1 989) . 

The LM and 1 M  swards contained a smaller average proportion of dead matter, (1 8.6%) 

than the HM swards (22%) ; the proportion of green leaf was greater in LM (56%) than in 1M 

or H M  swards (average 46%) which contained greater but similar (33%) proportions of stem 

than the LM swards (26%) (Table 4.2). Differences between the three sward types in the 

proportions of leaf, stem and dead matter are similar to those reported in other studies 

(Michell and Fulkerson, 1 987; L'Huillier, 1 988; Stakelum and Dillon, 1 991 ; Hoogendoorn et 

a I . ,  1 992) . The proportions of c lover leaf or stem in the three sward types were similar 

(average 22% and 1 0% respectively). Except for clover stem all components of the herbage 

in each sward type varied with season (Table 4.4). This highlights the dangers of instituting 

a set grazing regime across seasons as the results in terms of feeding value of the herbage 

may differ from season to season. 

The differences between sward types in the proportions of leaf or stem were greater in the 

summer and spring periods than at other times (Tables 4.3 and 4.4), and as was reported 

by previous workers (Santamaria and McGowan, 1 982; M ichel l  and Fulkerson, 1 987; 

L'Huil l ier, 1 987c; Holmes et aI. , 1 982). Contrary to previous reports (ibid) the LM and 1M 

swards in the present study contained a greater proportion of leaf and a smaller proportion 

of dead matter in winter compared with the HM swards. This was probably caused by the 

larger difference in herbage mass between the low and high mass swards of the present 

experiment compared with the  perennial  ryegrass swards used in previous studies. 

Furthermore, the similarity among the three sward types in the proportion of dead matter in 

the  summer and spring periods, which was contrary to previous reports (Michell and 

FJlkerson, 1 987; L'Huil l ier, 1 987c; Stakelum and Dillon, 1 991 ; Holmes et aI . ,  1 992) , may 

have been caused by a more intense pre-experimental grazing regime (see Section 4.2. 1 ) ,  

and by the  very high spring herbage masses. 

4.4.3 Herbage quality 

The differences in the average component composition of the three sward types (cut to 
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ground level) were reflected in the lower apparent OMD and N concentration of herbage 

from the HM swards (Table 4.6).  OMD of the HM swards was lower by 2% units vs 1M  

swards, and by 4% units vs LM swards. Nitrogen concentration in  H M  swards was lower by 

0.3% units vs 1M  and by 0.5% units vs LM swards. Similar differences in OMD and N have 

been reported by Michell and Fulkerson (1 987), Stakelum and Dillon (1 99 1 ), Holmes et aI. , 

( 1 992) and Hoogendoom et aI . ,  ( 1 992). 

On the other hand, differences in the component composition of the three sward types were 

general ly not reflected in the OMD and N concentration (in OM) of whole Matua prairie 

g rass plants. Plants from the LM, 1M  or HM swards contained similar concentrations of N 

(average 2.6%). OMD was higher in LM plants (78%) than in 1M and HM plants, which had 

similar OMDs (average 72%). The average concentrations of N in the Matua plants were 

low (average 2.6%), probably reflecting (i) the high proportion of stem relative to leaf in the 

plant ;  and (ii) the increasin g  maturity of these with increasing herbage mass (Hacker and 

Minson, 1 981 ; Hoogendoorn et aI . ,  1 988). OMD of LM Matua plants was higher than those 

of 1M  and HM plants by 6% units. This suggests that the lower OMD of the total herbage 

from the 1M and HM swards compared with that of LM swards was probably caused by the 

higher proportion of stem of increasing maturity relative to leaf, and the higher proportion of 

dead matter at the base of the sward and on the plant (Ulyatt, 1 981 ; Hacker and Minson, 

1 981 ) .  

The d ifferences in  the OMD or estimated ME values between the total pasture and those of 

Matua whole plants were large (Table 4.6). The differences in OMD between Matua plants 

from LM, 1M  and HM treatments, respectively, and that of corresponding total pasture were 

9 ,  5 and 7% units. This suggests that the proportion of dead matter in the total herbage, or 

that of red clover stem may have had a more adverse effect on the OMD of the total 

herbage than the proportion of stem � � in the Matua plant (Thomson et aI . ,  1 984; Hume, 

1 990b, 1 99 1 d) .  This suggest ion was tested by correlation analysis using data from 

subsequent experiments, and the results will be discussed in Chapter 7. 

Other workers have reported digestibilities of Matua plants that are similar to those of 

intensively g razed perennial ryegrass (Crush et aI . ,  1 989; Pawl us et aI. , 1 988) , or  annual 

ryegrasses (Wilson and Grace, 1 978, Hume 1 990b, 1 99 1 d) despite the greater proportion of 

stem and cell wall polysaccharides in the Matua plants compared with the ryegrasses. The 

general conclusion was that the nutritive value of Matua prairie grass decreased more 

s lowly with increasing maturity, following defol iation, compared with other common 

perennial pasture species. 
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N o  data could be found in the literature that compares the composition and digestibility of 

p rairi e  g rass pastures managed to create compositional differences, or data that make 

comparisons with other pere n n ia l  pastu re species i n  a pastoral production system. 

N evertheless, the concentrations of N and DOMD, and OMDs of the herbage measured in 

the present trial were low, p robably because of the age of the swards, and the associated 

changes i n  their botanical composition (low Matua, high red clover and other species 

content of increasing maturity) , and high herbage masses. However, the compositional 

differences of the herbage were consistent with work published previously using pasture 

species other than prairie g rass (e. g .  Stakelum and Dil lon, 1 991 ; Holmes et a I . ,  1 992; 

Hoogendoom et aI . ,  1 992) . 

However, the seasonal trends in the concentrations of N and OMO of the herbage, but not 

of whole plants, were general ly not consistent with those reported by Bryant and Trigg 

( 1 982) and Crush et aI . ,  ( 1 9 89) ; but the OMO and DOMO or  M E  concentrations of the 

herbage showed large seasonal differences irrespective of sward type (Tables 4.8 and 4.9). 

P ercent N of the herbage was h igh in autumn and winter, decreased in summer and 

decreased more steeply in spring.  The steep spring decrease in % N was unusual, and 

was a resu lt of higher than usual spring herbage masses. OMD of herbage, which normally 

peaks in winter and remains h igh in spring (Bryant and Trigg, 1 982; Holmes, 1 987b) was 

lowest during these periods in the p resent study, probably because of (i) high winter soil 

moisture which increases the rate of death of leaf tissue i n  prairie grass plants grazed 

infrequently (Rumball ,  1 974; Mwebaze, 1 9 86; Eccles et aI. ,  1 990) , (ii) the high proportion of 

dead matter evident in 1M and HM swards probably carried over from autumn (Table 4.3) 

and (iii) the high herbage masses in spring. 

4.4.3 Conclusions 

The Matua prairie grass pasture used for the present study contained, at the start of the 

present study, a low concentration of prairie grass and a high concentration of red clover, 

p robably because of changes i n  botanical composition associated with sward age, and 

intense grazing prior to the experiment. Herbage masses during summer and spring were 

higher than was intended. The following conclusions can be made: 

1 .  Sward treatment (low, intermediate or high mass) had no effect on  rates of net 

herbage p roduction. This may have been a result of the relatively high pre-grazing 

herbage masses in a ll treatments. 

2 .  There were no  treatment differences in the concentrations of prairie grass, red clover 
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or other species in the herbage; there were within and between sward type seasonal 

effects on concentrations of prairie g rass and red clover. 

3.  There was a general progressive increase with time in  the proportions of prairie grass 

and other species; and a progressive decrease in the proportions of red clover in the 

herbage, probably because of a lower intensity of experimental g razing compared 

with the previous managements. 

4 .  The low mass swards contained greater concentrations of  green leaf, and smaller 

concentrations of dead matter and stem than the intermediate or high mass swards, 

which contained similar proportions of these components. 

5.  Differences in the component composition of the herbage were generally evident in 

summer and spring. 

6 .  Total nitrogen and apparent digestibility of organic matter in the  herbage was greater 

in the low mass than the intermediate or high mass swards; the concentration of N in 

whole Matua plants from the three sward types was similar, while OMD was greater 

in low mass than the intermediate or high mass plants. 

7 .  There were large d ifferences between the OMD of  the  total herbage and that of 

Matua whole plants (OMD was higher i n  the Matua plants) ,  suggesting  that the 

proportion of dead matter in  the swards, and probably or to a smaller extent, that of 

stem in the total herbage had the dominant influence on herbage quality. Seasonal 

trends in herbage quality, except spring, were generally similar to those reported in  

the literature. 

8.  The influence of red clover on  the component composition and nutritive value of the 

herbage was not clear, probably because of the high initial concentrations of this 

component in the h erbage, and because t he digestibi l ity of red c lover was not 

measured. The role  of red c lover grown in association with Matua prairie grass 

requires further investigation .  However, it appears that the long intervals between 

defol iat ions (> 4 weeks) requ ired for prair ie g rass swards may lead to h igh 

accumulations of red clover stem in summer and autumn which may be carried over 

into winter, thus reducing the nutritive value of Matua prairie grass based pastures at 

this time. This suggest ion  may be of consequence on town-supply dairy farms or 

sheep farms where 'autumn pasture clean up' is not feasible. 
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Table 4.2 Mean values for pre- and post-grazing herbage mass (t OM/ha) , net herbage 

production (kg OMihalday), sward surface height (cm),  and herbage composition (% of 

OM)  of the  three t reatments, averaged across the  fou r  periods of measu rement 

(Experiment 1 ) .  

Sward type 

LM 1M HM S .E.M. Sign. 

Herbage mass (t OM/ha) 

P re-grazing 4.4b 6.5a 6.7a 0.26 
Post -.prazing 1 .9b 2.6b 3.5a 0.20 H 

N H P  (kg OMiha/day) 65.5 64.3 58.3 4.24 NS 

Sward height (cm) 

P re-grazing 24.3b 28.2ab 32.0a 1 .65 NS 
Post-grazing 7.0b 9.1 b 1 2. 1a 0.63 

Botanical composition (% OM) 

P rairie grass 38.8 40.9 35.2 5 .30 NS 
Red clover 33.5 3 1 .4 31 .0 3.91 NS 
Other species 9 .4 7.2 1 2.0 1 .84 NS 
O ead matter 1 8.3b 1 8.9b 22.2a 0.64 

Morphological composition (% OM) 

G reen leaf2 56.2a 47.0b 43.8b 1 .1 1  * *  

G reen stem2 25.5b 32.4a 34.3a 1 .03 ** 
Seedhead (grass) 2.3 5.3 4.4 0.85 NS 
C lover leaf 25.2 2 1 .6 1 9.4 2 .58 NS 
C lover stem3 8.3 9.8 1 1 .6 1 .43 NS 
Leaf:stem ratio 2 .5a 2.2a 1 .7b 0. 1 3  * 

1 N H P  = Net herbage production 
2 I n  the total herbage 
3 I ncludes seed head 
a ,b  Means within a row bearing unlike superscripts differ signif icantly (P < 0.05) 
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Table 4.3 Effects of season and treatment (sward type) on the botanical composition (% of 
dry matter) of herbage (Experiment 1 ). 

Herbage component 

Season! Prairie grass Red clover Others Dead matter 
Treatment (% OM) (% OM) (% OM) (% OM) 

Summer LM 26.5 55.0 2 .9 1 5 .7 
1M 1 7.3 58.4 1 . 1 1 6 .5 
HM 25.3 55.6 2.2 1 8 .6 

Autumn LM 30. 1 43.0 3.9 22.6 
1M 32. 1  40.7 4 . 1  23.2 
HM 23.4 47.3 4.0 25.0 

Winter LM 53.6 25.5a 1 1 .5 9 .4b 

1M 50.7 24.4a 8.6 1 6 .3ab 

HM 52.5 1 0.3b 1 3.9 23.4a 

Spring LM 45.0b 1 0.5a 1 9.3ab 25.4 
1M  63.4a 2.1 b 1 4.8b 1 9 .7 
HM 39.7b 1 0.7a 27.8a 21 .8 

S. E.M. 3.27 2.85 3.1 8  2.47 

Effects 
Block • •• NS NS 
Season .. ... ... 

Treatment NS NS NS 
Season x treatment •• • NS NS 

a,b Means within a season bearing unlike superscripts differ significantly (P < 0.05) 
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Table 4.4 Effects of season and treatment (sward type) on the morphological composition (% 
of dry matter) of herbage (Experiment 1 ). 

Herbage component 

Green Green Seed- Clover Clover Leaf: 
Season! l eaf1 stem1 head2 leaf stem stem 
Treatment (% OM) (% OM) (%OM) (%OM) (% OM) ratio 

Summer LM 55.4a 29.0b 2.0b 36.2a 1 8.8b 1 .9a 

1M 46.3b 30.6b 1 . 1 b 33.2a 25.2a 1 .6ab 

HM 40.5b 42.6a 6.7a 26.6b 39.0a 1 .0b 

Autumn LM 60.2 1 6 .8 0.4 35. 1  7.9 3.7a 

1M 60.1 1 6 .8 Ni l  31 .9 8.7 3.7a 

HM 55.8 1 8. 9  0.2 36.3 1 1 .0 3.0b 

Winter LM 69.2a 21 .4 Nil 21 . 1 a 4.4 3.4a 

1M 63.7a 20.0 Nil 1 9.2a 5.2 3.2a 

HM 53.0b 23.7 Nil 7.7b 2.6 2.3b 

Spring LM 39.9a 34.9C 6.6c 8.5a 2.0 1 .2a 

1M 1 8.0c 62.3a 20.0a 2.0b 0.1  0.3b 

HM 26.1 b 52. 1 b 1 0.gb 7.0a 3.6 0.5b 

S .E .M .  2 .88 2.67 1 .28 1 .83 2 . 16  0.22 

Effects 
Block NS  NS NS .... * NS 
Season *** *** *** *** *** .. ..  

Treatment ** ** NS NS NS 
Season x 

Treatment * *** *** ** NS NS 

1 In  total herbage 
2 Excludes clover seedhead 
a,b ,c Means within a season bearing unlike superscripts differ significant (P < 0.05) 
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Tab le 4.5 Effects of season on the botanical and morphological composition ('Yo of OM) of 
herbage, averaged across the three treatments (Experiment 1 ) . 

Season 

Herbage component S ummer Autumn Winter Spring S .E.M .  

Botanical composition ('Yo OM) 

P rairie grass 23.0b 28.5b 52.3a 49.3a 2.89 
Red clover 56.3a 43.7b 20. 1 c 7.8d 2.34 
Other species 2 . 1c 4.0c 1 1 .3b 20.6a 0 .76 
Dead matter 1 6.9b 23.6a 1 6.4b 22.3a 1 .54 

Morphological composition ('Yo OM) 

G reen leaf (total) 49.4b 58.7a 62.0a 28.0c 1 .24 
G reen stem (total) 1 34.0b 1 7.5d 21 .� 49.7a 1 .05 
Seedhead (grass) 3.3b 0.2c O.Oc 1 2 .5a 0.51 
Clover leaf 32.0a 34.4a 1 6.0b 5.8c 1 .62 
C lover stem2 24.3a 9.2b 4.1 c 1 .9c 1 .35 
Leaf:stem ratio 1 .5c 3.5a 2.9b O.� 0.1 5  

a,b,c,d Means within a row bearing unlike superscripts d iffer significantly (P < 0.05) 
1 I ncludes grass seed head 
2 I ncludes clover seedhead 

Sign. 

*. 
*** 
. _ .  

* •• 
*** 
* .. 
*u 
*** 
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Table 4.6 M ean  valu es ("Ie) for total nit rogen,  ash , digest ib i l ity in vitro, and masses of 
n it rogen  ( i n  OM) and d igestible  organic matter  of herbage (g/m2) from the three 
treatments, averaged across the four periods of measurement (Experiment 1 ) . 

Treatment 

LM 1M HM S.E.M. Sign. 

Chemical composition 

Total herbage 
2.6b N itrogen (% OM) 2.8a 2 .3c 0.03 **. 

Ash ("Ie OM) 1 2.5a 8.8b 1 1 .7a 0.54 ** 

Prairie grass 
N itrogen (% OM) 2.8 2.5 2.5 0.08 NS 
Ash ("Ie OM) 1 3.8 1 2.4 1 3. 1  0.47 NS 

Digestibility ("Ie) 

Total herbage 
67.5b Organic matter 69.3a 65.2c 0.25 *** 

Digestible organic 
56.9b matter (DOMD) 60.9a 61 .2a 0.31 * * *  

ME (MJ/kg OM) 9 .9a 1 0.0a 9 .3b 0.05 *** 

Prairie grass 
72.8b 71 .9b Organic matter 78.2a 0.56 ** 

Digestible organic 
63.4b 62.9b matter (DOMD) 67.4a 0 .49 

ME (MJ/kg OM) 1 1 .0a 1 0.3b 1 0.2b 0 .08 ** 

Mass of components (glm2) 1 

13.0b 15.5ab Total n itrogen 1 5.8a 0.72 NS 
Digestible organic matter 273b 392a 382a 1 5 .4 ** 

a,b,c Means within a row bearing unl ike superscripts differ significantly (P < 0.05) 
1 Mass at any one sampling time. 
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Table 4.7 Effects of season and treatment (sward type) on the concentration of nitrogen (% 
OM) and digestibility in vitro of pasture herbage (Experiment 1 ). 

Herbage composition and digestibility 

Season! Nitrogen OMO OOMO ME 
Treatment (% OM) (%) (%) (MJ/kg OM) 

Summer LM 2.3 72.9a 65.2a 1 0.6a 

1M 2.3 70.9a 63.9a 1 0.4a 

HM 2.3 66.4b 59.8b 9.7b 

Autumn LM 2.7b 73.8 60.4b 9.8b 

1M 3.2a 73.2 65.0a 1 0 .6a 

HM 2.5b 72. 1  58.5b 9 .5b 

Winter LM 4.0a 64.4a 58.9a 9 .6a 

1M 3.7a 63.6a 58.4a 9 .5a 

HM 3.2b 57.7b 53.3b 8.7b 

Spring LM 2 .3a 66.2a 59.1  9 .6 
1M l .4b 62.5b 57.8 9 .4 
HM l .4b 60.6b 56. 1 9 .2 

S.E.M.  0. 1 2  0.95 1 .06 0 . 1 7  

Effects 

Block NS NS NS NS 
Season *** "** ** ** 
Treatment *** .. ** *** *** 

Season x 
Treatment *** NS NS NS 

a,b,c 
, Means within a season bearing unlike superscripts differ significantly (P < 0.05) 
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Table 4.8 Effects of season and treatment (sward type) on the concentration of nitrogen (% 
OM) and digestibility in vitro of Matua prairie grass p lants (Experiment 1 ) .  

H erbage composition and digestibility 

Season! Nitrogen OMO OOMO ME 
Treatment (% OM) (%) (%) (MJ/kg OM) 

Summer LM 2.3a 79. 1 a 69.1 a 1 1 .3a 

1M 2.3a 75.9a 6504b 1 0.7b 

HM 1 .8b 68.9b 61 .2c 1 0.0c 

Autumn LM 2.9 8404a 71 04a 1 1 .7a 

1M 3.0 74.9b 65.9C 1 0.8c 

HM 304 84.0
a 68.7b 1 1 .2b 

Winter LM 3.7  82.6a 68.9 1 1 . 1 
1M 3.7 8 1 .2a 67.3 1 1 .0 
HM 3.5 77.5b 68.8 1 1 .2 

Spring LM 2 .2a 66.7a 60.3a 9 .8a 

1M 1 .3b 5904b 54.8b 8 .9b 

HM 1 04b 57.1 b 52.8b 8.6b 

S . E.M.  0 . 14  1 .29 0.92 0 . 1 5 

Effects 

Block NS .. "* ." 
Season *"" ...... .. ,,* "*" 
Treatment NS * .. ** "* 
Season x 
Treatment .. * ..... ** "* 

a,b,c Means within a season bearing unlike superscripts differ significantly (P < 0.05) 
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Table 4.9 Effects of season on the concentration of nitrogen ('Yo OM) and digestibil ity in vftro 
of pasture herbage and Matua prairie grass plants, averaged across the three treatments 
(Experiment 1 ) . 

Season 

Herbage component Summer Autumn Winter Spring S .E.M.  Sign. 

Total herbage 

Nitrogen ('Yo OM) 2.3c 2.8b 3.6a 1 .7d 0.1 1 
Digestibility of organic 

70.0b matter ('Yo OMD) 73.0a 61 .9c 63.2c 0.62 
DOMD ('Yo) 63.0a 61 .3a 56.8b 57.7b 0.93 
ME (MJ/kgDM) 1 0.3a 1 0.0a 9 .3b 9 .4b 0 . 15 

Prairie grass plants 

Nitrogen ('Yo OM) 2 .1 c 3.1 b 3.6a 1 .6d 0.07 
Digestibility of organic 

74.6b matter ('Yo OMD) 81 . 1 a 80.4a 61 . 1 c 0.98 . . .  

DOMD ('Yo) 65.3a 68.7a 68.3a 56.0b 1 . 1 9  
ME (MJ/kgDM) 1 1 .6a 1 1 .2a 1 1 . 1 a 9 . 1 b 0. 1 9  

a,b,c,d Means within a row bearing unlike superscripts differ significantly (P < 0.05) 



Plate 4 1 Red clover dominance in the summer (January) of a high mass 
Matua prairie grass/red clover sward irrigated during the previou s  
December Pra irie grass seedhead can b e  seen above the sward 
canopy 
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C H A P T E R  5 

EFFECTS OF GRAZING REGIME AND SEASON 

ON THE COMPOSITION OF PRAIRIE GRASS AND 

RYEGRASS SWARDS GROWN WITH WHITE CLOVER 

(EXPERIMENT 2) 

5.1 I NTRODUCTIO N  
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H erbage from g razed pasture contains many different constituents which can vary widely in 

composition and digestibil ity (Terry and Tilley, 1 964; Hacker and Minson, 1 98 1 ). G razing 

management and season can influence the proportions of the various components of the 

sward and their n utritive value (Bryant and Trigg , 1 982; Santamaria and McGowan, 1 982; 

L'H ui l l ier,  1 987b; Holmes et a I . , 1 992),  and t hese wou ld be expected t herefore also to 

inf luence the feeding value of the herbage (Ulyatt, 1 98 1 ; M ichell  and Fulkerson, 1 987; 

Stakelum and D illon , 1 99 1 ) .  The majority of studies on the influence of grazing regime and 

of season on the composition and feeding value for mi lk production of temperate pasture 

herbage have focused on ryegrasslclover swards (Thomson et aI . ,  1 984, 1 989; Bryant and 

L'H ui l l er, 1 986; L'H ui l l ier, 1 987b, c; H oogendoorn � a I . ,  1 985 , 1 9B7, 1 988; Michel l  and 

Fulkerso n ,  1 9 87; Sta ke/um and D il lo n , 1 99 1 ) .  There is a paucity of information on the 

influence of grazing regime on the composition of pasture herbage dominated by the newer 

g rass c u ltivars such as Matua p ra irie g rass (Bromus wiJIdenowii Kunt h) , which in New 

Zealand is the main non-ryegrass species that has generated considerable interest amongst 

dairy farmers (Lancashire, 1 985a, b; Thom and Prestidge, 1 988; Belgrave et aI . ,  1 990) . 

Prairie g rass cv. G rass/ands Matua is a forage grass valued for its high nutritive value and 

high summer production (Rumball, 1 974; Wilson and Grace, 1 978; Fraser, 1 985), and a/so 

i n  New Zealan d ,  for high autumn/winter production (Baars and Cranston, 1 978; Rys et aI. ,  

1 978; B u rgess et aI. ,  1 986; H um e  a nd Lucas, 1 987). Prairie grass, however, has a low 

ti l lering capacity, which is accentuated by intense/frequent grazing, and when it is grown in 

pOorly drained soils (R umbal l ,  1 974; Hi l l  and Pearson, 1 985; Mwebaze, 1 986; Black and 

C h u ,  1 989) . The species is a/so susceptible to insect and disease damage, which has 

contributed to the prevailing doubt on the perenniality and persistence of Matua prairie g rass 

(Falloon and H ume, 1 988; Falloon and Rolston, 1 990; Thom et aI . ,  1 989, 1 990; Boom and 

Sheath, 1 990) . Furthermore, the originally suggested lax and/or infrequent grazing regimes 

for the species (4 to 6 weeks grazing interval) (Rumball ,  1 974), and extended reprod uctive 
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growth (mid spring to autumn) ,  have raised questions on the feeding value of prairie grass 

swards, and the  harvesting efficiency of the extra dry matter produced (Brookes and 

Ho lmes,  1 986; Cosgrove and Brougham, 1 988; H ume, 1 99 1  d). However, experimental 

evidence o n  the influence of grazing regime upon the composition and nutritive value of the 

herbage or herbage components of Matua prairie g rass dominant pasture is lacking, both in 

dairy production situations, and in comparison to conventional perennial ryegrass swards 

(Sellars,  1 988; Thom and Prestidge, 1 988; Crush et aI. , 1 989) .  

The objectives of the current study were to measure, under a dairy production system and 

over a range of seasons, the aspects of pasture characteristics and composition which have 

important effects on the feeding value of the herbage off Matua prairie grass/white clover 

swards, maintained at low or high pregrazing herbage mass, and to compare them with 

those of 'conventional' perennial ryegrass/white clover pastu res. 

5.2 EXPERIMENTAL PROCEDURE 

5.2.1 Scope of the experiment 

The composition of herbage from perennial ryegrass (RG), low mass Matua (lM) and high 

mass Matua (HM) swards was measured during eight short-term (approximately 14 days) 

grazing t rials, over two lactations ( 1 987/88 and 1 988/89) duri ng early spring, late spring, 

summer and autumn, as defined in Section 3.3. The three sward types contained white 

clover, and their preparation is described in Section 5.2.2. The present chapter describes 

the sward characteristics and herbage composition, while the details of animal production 

are reported in Chapter 6 .  

5.2.2 Experimental swards 

5.2.2.1 Establishment of Matua pastures 

I n  mid October 1 986 four perennial ryegrass-white clover paddocks of approximately 0.8 ha 

each, in close proximity to each other, were grazed intensely (approximately 1 000 kg Drvtlha 

post-grazing herbage mass) by lactating cows. The swards were grazed laxly after two 

weeks of regrowth, and were immediately sprayed with glyphosate (Roundup herbicide at 2 

l itres/ha) . Deawned (McCaw, 1 986) and head smut treated prairie grass cv. Grasslands 

Matua seed and white clover CV. Grasslands Pitau were cross-drilled at seed rates of 40 and 

5 kg/ha,  respect ively , using Massey Un iversity's Bioblade Direct Dri l l .  Mesurol was 
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broadcast at 1 0  kglha following drilling to control slugs. Sward germination, approximately 

1 0  days after drilling, was excellent. 

5.2.2.2 Management of Matua swards post-establishment 

The newly established Matua swards were grazed laxly for the first time by heifer calves 

during the first week of January 1 987, at an average sward height of 1 7  cm. The swards 

were grazed by lactating cows two weeks later, and at intervals of 5 to 6 weeks thereafter, 

to 2000-2500 Kg DM/ha post-grazing herbage mass (estimated with a rising plate pasture 

meter) . D ifferential grazing management of Matua swards was commenced in ea rly 

September 1 987 to create two sward types of different pre-grazing herbage mass in 

preparation for the first grazing trial in mid October 1 987. Urea was applied at 25 kg N/ha in 

late August 1 987 and at similar rates thereafter during autumn and early spring. Phosphatic 

fertilizer was applied to all paddocks on the farm as outlined in Section 3.1 . 

5.2.2.3 Pre-experimental preparation of Matua swards 

I n  late August 1 987, each of the four Matua paddocks was fenced into two sub-paddocks in 

order to create low and high mass Matua sward types by differential defoliation; the low 

mass sward type occupied approximately 56% of the total paddock area. The low and high 

mass Matua treatments were assigned to the sub-paddocks at random within a paddock 

prior to subdivision. 

Low and high mass Matua swards were initiated during the first week of September 1 987 by 

grazing the sub-paddocks with lactating cows to target residual herbage mass (as defined in 

Section 5.2.3 . 1 )  for each sward type. The first grazing trial started five weeks later (Table 

5.2) .  The low and high mass Matua sub-paddocks within each of the four Matua paddocks 

were grazed on the same day. Where necessary, the low mass swards were regrazed, or 

regrazed and mechanically topped to a mean sward height of 5 cm (approximately 1 500 kg 

DM/ha residual herbage mass), after the experimental cows had grazed them at a generous 

a l lowance. As much of the topped stubble as possible was removed from the swards 

im1mediately after topping. 

Regrazing, with or without mechanical topping, was done within 24 hours following initial 

grazing by the experimental cows or by the entire herd between trials. High mass Matua 

swards were never reg razed or topped during the two year experimental period; and it was 

considered necessary to top the low mass swards only on three occasions, during the 

M 
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differential grazing period in mid September, and in  early December (1 987) and mid March 

( 1 988). The ryegrass swards were topped only once in early summer 1 987. 

5.2.2.4 Perennia l  ryegrass swards 

Eight perennial  ryegrass-wh ite clover paddocks (approximately 0.8 ha each), located 

adjacent to the Matua prairie grass paddocks (Section 5.2.2 . 1 .) ,  were used in various parts 

of th is study. I n  half the trials, however, only three of these  ryegrass paddocks were 

required, as all experimental paddocks were sequentially grazed, with the quantity of 

available Matua herbage determining the duration of each trial. 

The perennial ryegrass pastures were 1 3- 1 5  years old, and were general ly grazed at 

intervals of 1 5-21 days except during winter when the intervals were 60-90 days. Pre

grazing herbage mass rarely exceeded 3500 kg DM/ha, unless paddocks had been closed 

for conservation in late spring; average post-grazing mass was 1200 kg DM/ha but falling to 

700 kg DMlha in late autumn and winter when grazed by non lactating cows on a restricted 

level of feeding. 

5.2.3 Experimental period 

5.2.3.1 Design and treatments 

The experimental design was a split-plot in t ime with sward types as main plots and 

seasons as sub-plots. The design was balanced during four of the grazing trials, with each 

of the t hree sward types (treatments) having four replications (paddocks). During the other 

four trials, Matua sward types were replicated four times but the ryegrass sward type had 

three replications, resulting in an unbalanced design. I ndividual paddocks constituted the 

experimental units and replicates. 

The th ree treatments (swards types) with their respective target pre- and post-grazing 

herbage masses are outl ined in Table 5.1 . The target herbage masses indicated for each 

sward type were considered typical of perennial ryegrass (Holmes and Wilson, 1 984) and 

Matua swards (Brookes and Holmes, 1 986; Matthews, 1 986; Ridler, 1 985, 1 986) grazed by 

generously fed cows in the Manawatu region of New Zealand. The specific dates and 

duration of each grazing trial are shown in Table 5.2 (results section). 



101 

5.2.3.2 Grazing management 

Dur ing each of the e ight m easurement periods the th ree  sward types (prepared as 

described above) were grazed by three groups of lactating cows (8 per treatment). Two 

weeks before each g razing tria l ,  twenty�four spring (August/September) calving cows, in  

t h e i r  s econd o r  subsequ ent lactat ion  and of p redom i n a nt ly h igh  b reeding index 

(approximately 1 25), were selected. The majority of the experimental cows were Friesian 

with occasional Friesian x J ersey crosses. The cows selected for each grazing trial 

continued to graze with the milking herd during the two weeks pre-experimental period on 

predominantly ryegrass-white clover pasture at a generous herbage allowance ( 1 200- 1400 

kg OM/ha RHM). During this period, the yields of milk and milk solids were measured for 

covariance analysis on two days each week. Further details on animal measurements are 

p resented in Chapter 6 .  The experimental cows were allocated at random to the three 

treatments. The selection of cows and their allocation at random to the treatment groups 

were carried out anew for each of the eight measurement periods. 

Cows on all three treatments were given a common herbage allowance of approximately 50 
kg OM/cow per day in  daily breaks during the experimental periods, using movable electric 

fences. The replicate paddocks of each sward type were grazed in sequence. Low and high 

mass Matua swards were allowed similar regrowth periods between successive grazings of 

approximately 35 days. Grazing intervals were approximately 25 days for ryegrass swards 

during the measurement seasons. In the periods between grazing trials, the Matua swards 

were g razed to the experimental target RHM by the milking herd (dry herd during late 

autumn through winter) at average intervals of 35 days, and at intervals of 50-60 days 

during winter. Corresponding grazing intervals for ryegrass swards were 1 5-25 days and 

60-90 days during winter. Care was taken to minimise pugging on all swards during very 

wet days in winter by restricting grazing time or by feeding silage on a concrete pad, and 

then confining the cows in a 'loafing' paddock for the rest of the day. 

5.2.4 Sward measurements 

Unless indicated otherwise, the techniques and equipment used to make the measurements 

described below during each grazing trial are as previously detailed in Section 3.4. 
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5.2.4.1 Herbage mass and sward height 

Pre- and post-grazing herbage mass (kg DMlha) was assessed by cutting herbage within a 

0.247 m2 quadrat to ground level. Eight such quadrats were placed at equal intervals along 

a diagonal transect within the area grazed over a period of two days. 

Snip samples of pre- and post-grazing herbage adjacent to each quadrat were cut to ground 

level ,  bulked, sub-sampled and washed , for dissection into morphological and botanical 

components of herbage as described in Section 3.4.4, and for assessment of herbage 

quality as outlined under Section 3.4.7. 

Sward surface heights (cm) before and after grazing, were assessed, at two-day intervals, 

by taking readings with a ruler at 40 evenly spaced points along a diagonal transect. Sward 

bulk density was derived as defined in Section 3.4.3. 

5.2.4.2 Tiller population density 

Tiller population density was measured by the author only during the last grazing trial 

(Autumn , 1 989) , and only in Matua swards due to time constraints. Herbage within ten 

0. 1 8m2 quadrats, placed at even intervals along a diagonal transect in a paddock, was cut 

to ground level and the number of til lers present was counted in a laboratory (Jewiss, 1 981 ) .  

Tiller density (tillers / m2) was then calculated. However, during a concurrent experiment on 

the same Matua swards (Xia, 1 991 ) ,  ti l ler and plant population densities were determined 

using permanent quadrats from early spring through summer of 1 988/1 989. Individual tiller 

weights for each of the Matua sward types were determined from the total dry weight of 

counted til lers per replication divided by the number of tillers. 

5.2.4.3 Vertical distribution of sward components 

Vertical distribution of sward components before grazing was measured at two positions per 

paddock during each measurement period. An area of the sward (7.5 cm x 15 cm) ,  where 

he
'
rbage surface height was similar to the mean sward height of two days' breaks, was cut 

to ground level with one sweep of the hand using a sheep shearing handpiece. Each 

herbage sample was gathered carefully and secured firmly with rubber bands placed at 

several points along the vertical plane. Once in the laboratory, the two samples from each 

paddock were pooled, laid on a table, and cut into four strata using an electric knife, as 

follows: 
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Stratum Height {cm} 

1 0-6 

2 6-1 8 

3 1 8-30 

4 >30 

Herbage from each stratum was d issected into green leaf, stem and senescent matter. 

Herbage from strata one and two was washed immediately after dissection to reduce soil 

contamination. The separated herbage components were freeze dried and weighed. The 

proportion of each component in each stratum was calculated based on the dry weight of 

herbage from the stratum. The herbage components in each stratum were then pooled 

within treatments, ground and analysed for total N, ash and digestibility. 

The height ranges of the first two strata were selected in anticipation of post-grazing sward 

heights of the three sward types under a lax defoliation regime; heights for strata 3 and 4 

were a reflection of the potential height of prairie grass during different seasons. 

5.2.4.4 N utritive value of herbage 

Pre-grazing  herbage was sampled for determination of herbage composition (nutrient 

concentrations and digestibility) as was explained in Section 5.2.4. 1 ;  protocols for sample 

processing and chemical analyses were as described in Section 3.4. Total herbage on 

offer, and whole plants of perennial ryegrass or Matua prairie grass from each of the three 

sward types (RG, LM and HM), were analysed for total N ,  NDF, ADF, lignin, gross energy, 

ash and digestibility of dry matter (DMD)and organic matter (OMD). Green leaf, green stem 

and inflorescence from ryegrass and Matua plants, and senescent matter from each of the 

three sward types, were analysed for total N, ash, DMD and OMD. The concentration of ME 

(MID) in the total herbage and herbage components was estimated from their respective 

DOMD (D) values (Section 3.4.7.6.) .  The composition and digestibility of herbage in the 

various sward horizons (strata) were determined as explained in Section 5.2.4.3. 

5.2.5 Statistical a nalysis 

Treatment differences and levels of significance were tested by analysis of variance as 

described in Section 3.6.2.  The proportions of herbage components in each of the four 
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vertical strata were averaged within seasons over the two year period, and treatment 

differences were tested using a split-plot in space model (sward type as main plots and 

strata as sub-plots). The t-test was used to test for differences in tiller density, and sward 

composition data from the higher strata, between the two Matua sward types. 

5.3 RESULTS 

5.3.1 Experimental dates and duration 

The dates, duration and season of measurement of each of the eight grazing trials are 

shown in Table 5.2. The mean duration of each measurement period was 1 4  days (range 

1 0-1 8d) and was largely dictated by the availability of Matua herbage. The early spring trial 

in Year One did not start until mid October because of logistical problems. 

5.3.2 Weather 

5.3.2.1 Air temperature 

Mean monthly air temperatures (maximum and minimum) during the two year experimental 

period, and the 30-year averages, are presented in Appendix 5.1  a. During Year One (May 

1 987 to April 1 988) , mean monthly temperatures were close to the 30-year average (1 3.5°C 

vs 1 3.2°C average) , but the cool months (May to September) were warmer than usual by 

0.6°C. Mean monthly temperatures for Year Two (1 988/89) were 1 .2°C higher than the 30 

year average, with a summer period (December to February) mean of 1 8.6° compared to 

the average of 1 7.4°C. 

5.3.2.2 Rainfall and sunshine 

Total rainfall (mm) and sunshine hours during each month from May 1 987 to April 1 989 are 

shown in Appendix 5.1 b. Total rainfall was 26% lower than the 30-year average during Year 

One (746 vs 1 010  mm), but was 1 3% (1 39 mm) higher than average during Year Two. The 

rainfal l  deficit during Year One was spread throughout the year; total precipitation during 

winter (June-August) was 50% lower than that expected ( 133 vs 271 mm) . and only 5 mm of 

precipitation (normal 77 mm) was recorded in January. During 1 98811 989 (Year Two) , the 

winter-early spring (June-September) period was very wet, with 5 1 %  more rainfall than 

average (520 vs 345 mm); otherwise, average precipitation prevailed. 
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Hours of sunsh ine totalled 1 656 and 1 8 1 0  dur ing Years One and Two, respectively, 

compared to the  30-year average of 1 785 hrs; a major departure from the average was 

recorded only during the May to July period (229 vs 301 hrs average) of Year One. 

5.3.3 Herbage mass 

Actual mean pre- and post-grazing herbage masses (kg DMlha), averaged across all eight 

measurement periods for the RG, LM and HM sward types, are presented in Table 5.3. The 

mean values of herbage mass before and after grazing, for each sward type during each 

season (measurement period), are indicated in Appendices 5 .2 and 5.3, respectively. Mean 

pre- and post-grazing herbage masses achieved for each sward type during the entire 

experimental period were within  the range of the nominal target herbage mass values 

(Table 5.1 ) ,  except for the HM swards which registered a mean post-grazing mass 1 44 kg 

DM/ha above the target range. mainly in the spring of Year One (1 987). 

There were large variations i n  p re- and post-grazing herbage masses, both between 

seasons within a year and between years, for each sward type (Appendices 5 .2  and 5 .3) . 

The lowest and highest herbage mass values were generally observed during early and fate 

spring,  respectively . The ranges of herbage mass observed before g razing, in tonnes 

DM/ha, were: RG.  2 . 1 -4.2; LM, 2.3-5.5 and HM, 3.8-6.8. Values for post-grazing herbage 

mass were 1 .4-2.9, 1 .3-3.2 and 2.6-4.5 t DM/ha for RG, LM and HM swards, respectively. 

Meaningful comparisons of net herbage accumulation (NHA) could not be made during the 

first year of the experiment because on several occasions (see Section 5.2.2.3) LM swards 

were either regrazed or topped mechanically 48 to 72 hrs after experimenta l grazing. 

During the second year of the study, N HA for the LM and HM Matua swards was measured 

duri ng a concurrent experiment (Xia, 1 99 1 ) .  using t he difference and tissue turnover 

techniques (Bircham, 1 981 ) .  

5.3.4 Sward height and bulk density 

Sward height 

The mean sward surface heights of each of the three sward types before and after grazing, 

and corresponding sward bulk densities, are shown in Table 5.4. Values for pre- and post 

grazing sward height during each of the eight experimental periods are presented in Figure 

5 . 1 .  
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HM swards had the highest values for sward height in al l  seasons, while the values for RG 

swards were smallest, and LM swards were intermediate for this measurement. Pre- and 

post- grazing sward height for al l  sward types was high during spring, but decreased in 

summer and autumn (Figure 5 . 1a,b) . 

Bulk density 

Mean sward bulk density, averaged across eight seasons, was generally similar for LM and 

HM swards, but was significantly greater for RG swards (Table 5 .4) . The lowest and highest 

sward bulk densities (kg DM/ha per cm sward surface height) for RG ( 12 1  vs 31 6) ,  LM (93 

vs 242) and H M  ( 1 04 vs 240) were g enera l ly observed during the spring and summer! 

autumn periods, respectively (Figure 5 . 1c) .  There were, however, marked season x sward 

type effects on sward bulk density (Figure 5 . 1 c) .  This was most apparent during Year One, 

when LM swards had a lower bulk density than HM swards during late spring and summer, 

though both had similar levels in early spring and autumn. Regardless of season, RG 

swards had a h igher bulk density than the Matua swards in Year One. Bulk density during 

Year Two was generally similar among the three sward types, except during summer, when 

RG bulk density was significantly greater than that of Matua swards. 
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5.3.5 Sward composition 

5.3.5.1 Botan ical composition 

Ryegrass / prairie grass 

The percentages of perennial ryegrass or Matua prairie grass, wh ite clover and other 

species in the pre-grazing dry green herbage (excluding senescent matter) of the three 

sward types (RG,  LM and HM), averaged across eight measurement periods, are shown in 

Table 5 .5 .  Corresponding mean values expressed on total herbage dry matter basis 

( including senescent matter) are presented in Appendix 5.4. 

The proportions of the main grass component (ryegrass or prairie grass) in RG and LM 

sward types, averaged over the experimental periods, were similar, but that of HM swards 

was significantly greater (Table 5 .5) . RG and LM swards also contained similar mean 

percentages of white c lover and other species, but HM swards contained less clover 

( P<O.05) and other species (P<O . 05 vs LM;  P>O .05 vs RG).  There were, however, 

significant (P<O.01 ) season x treatment effects on the botanical composition of the three 

sward types (Figure 5 .2) .  The RG and LM swards contained similar percentages of 

ryegrass and. prairie g rass, respectively , during al l  the seasons of measurement except 

summer, when the percentages of ryegrass in RG swards (Year One) and prairie grass in 

LM swards (Year Two) were significantly lower (Figure 5.2a). The proportion of the main 

grass component in HM swards was significantly greater than that in RG swards in all 

periods of Year One, except the summer, and in the early spring of Year Two; it was similar 

to that of RG swards in the summer of Year One, and in the late spring and summer of Year 

Two; but was significantly lower in the autumn of Year Two. 

The percentage of Matua prairie grass in LM swards declined progressively, from 84% 

during the first grazing trial (Year One) to 46% of the green herbage dry matter in the final 

grazing trial (Year Two) . The proportion of Matua in HM swards also declined by a similar 
I 

magnitude as in the LM treatment, but the decline was steeper in Year Two of the study, 

part icu la rly  during summer and autumn.  The L M  and H M  swards contained similar 

proportions (Figure 5.2a) of prairie grass during the first two trials (early and late spring of 

Year One) and at the end of the experiment (autumn Year Two). 
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White clover 

Averaged over the whole experimental period, the mean percentage of c lover was 

significantly lower (P<O.05) in HM swards (1 2%) than in the other sward types, which had a 

similar content ( 1 7%) of c lover (Table 5 .5).  The differences between swards were not 

significant in most individual seasons, although HM swards had significantly less clover than 

the other swards during the summer and autumn of Year Two (Figure 5.2b) .  

Other species 

The percentage of other species in the herbage, averaged across all measurement periods, 

was s ign ificantly higher in L M  than in HM swards (P<O.05) (22.6 vs 1 5 .9%); it was 

intermediate (1 7.9%) in RG swards, but this was not significantly different from that of LM or 

HM swards types (Table 5 .5) . Perennial ryegrass, Poa spp . ,  and to a lesser extent 

cocksfoot , phalaris and dock weed were the main invaders, depending on the previous 

swards in each paddock. There was a gradual increase of the other grass species and weed 

component of all the experimental sward types during the two year measurement period, but 

no significant differences between sward types were observed during Year One of the 

experiment (Figure 5.2c). However, starting in early spring of Year Two, the percentage of 

other species ( including weeds) in LM swards increased steeply in comparison to H M  

swards, and was approximately twice that of HM swards during early spring (25 vs 1 3%), 

late spring (28 vs 1 8%) and summer (49 vs 26%); but values were similar during autumn 

(31 %). 

Seasonal trends 

The influence of season on the botanical composition of herbage, averaged across the three 

sward types, is i l lustrated in Table 5.6. The proport ion of the main grass component 

(ryegrass or prairie grass) of the green herbage tended to decline between late spring and 

autumn, with summer and autumn values being significantly lower than the early and late 

spiring values. The concentration of clover of the three sward types was stable during early 

and late spring ,  but increased steeply during summer and remained high in autumn. 

Similarly, the percentage of other species in all the swards increased considerably above 

spring values during summer and autumn, and swards contained about twice the level of 

other species in Year Two compared with Year One. 
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5.3.5.2 Morphological composition before grazing 

Effects of sward type 

Mean percentages of green leaf, g reen stem, dead matter and inflorescence in  the total 

h erbage ,  and leaf:stem ratio of each sward type before g razing ,  averaged across 

measurement periods, are presented in Table 5.5. The influence of season and sward type 

on the morphological com position of herbage on offer is i l lustrated in Figu re 5 .3 and 

Appendix 5 .5 .  Averaged over the whole experimental period, RG swards contained a 

g reater percentage of green leaf, but smaller percentages of green stem, dead matter and 

inf lorescence , than the LM and H M  swards.  Within the Matua swards, LM herbage 

contained a higher percentage of green leaf and a lower percentage of dead matter than 

H M  swards, but HM and LM swards contained similar percentages of g reen stem and 

inflorescence. 

Green leaf and stem 

The influence of sward type on the percentage composition of green leaf, green stem, dead 

matter and inflorescence in the p re-grazing herbage were modified by season effects 

(Figure 5 .3 ;  Appendix 5 .5).  RG swards contained higher percentages of green leaf than LM 

and H M  swards during most seasons, but, during the autumn of Year Two, RG and LM 

swards contained similar percentages of leaf, and these were slightly greater than that in 

H M  swards (Figure S.3a) . Matua swards (LM and HM) contained similar percentages of 

g reen leaf during late spring (in both years), and during the summer and autumn of Year 

Two; but the percentage of leaf in LM swards was larger than that in HM swards in early 

spring. The percentages of stem did not differ significantly between sward types in summer 

and autumn (Figure 5.3b) , and were a lso similar between Matua swards during early and 

late spring, when they were greater than that of RG swards. 

Dead matter 

The percentage of senescent matter in the herbage on offer was significantly larger in HM 

swards than in RG a nd LM swards d uring seven of the eight seasons of measurement 

(Figure S.3c); that of RG swards was the smallest during the summer and autumn of Year 

One and during the early spring and summer of Year Two. RG and LM swards contained 

similar percentages of dead matter during late spring (both years) and during the autumn of 

Year Two. The lowest and h ighest percentages of dead matter were observed in RG 
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swards (8 and 38%) during the early spring of Year Two and the summer of Year One, and 

in  LM swards ( 1 3  and 50%) and HM swards (20 and 53%) during the early spring and 

autumn of Year One, respectively. 

Seedhead 

The RG swards contained few or no inflorescences during early spring and autumn (Figure 

5 .3d); whereas during late spring and summer, inflorescences constituted 1 -6% and 0-2%, 

respectively , of the herbage dry matter, depending on the year. Emerged inflorescences 

were observed in Matua swards from early spring (mid September) to late autumn (mid 

May), and constituted 9-1 8% of the herbage dry matter during peak reproductive growth in 

late spring . 

Leaf:stem ratio 

The leaf:stem ratio of herbage, averaged over eight seasons of measurement (Table 5.5), 

was highest, intermediate and lowest in RG, LM and HM treatments, respectively; and the 

mean d ifferences between RG swards and the Matua swards were high ly sig nificant 

{P<0.0 1 } ,  with RG swards containing 40-50% more leaf relative to stem than the Matua 

swards. The leaf:stem ratios of pre-grazing RG pasture were significantly greater than 

those of LM and HM pasture in all periods of measurement, except during the summer and 

autumn of Year One, when those of RG and LM swards were similar. The leaf:stem ratios 

of Matua sward types and plants did not differ significantly in  most of the experimental 

periods (Figures 5.4a,b), but LM swards tended to have greater proportions of leaf relative 

to stem. 

Seasonal trends 

The influence of season on the morphological composition of herbage before g razing, 

averaged across sward types, is shown in Table 5.7. The percentage of green leaf in the 

herbage generally decl ined during late spring and summer but increased to early spring 
I 

levels during autumn. The percentage of green stem was generally high during early and 

late spring but declined considerably throughout summer and autumn, with autumn values 

being smaller than those of early spring.  D ead matter concentration of the herbage 

increased sharply during summer and remained high during autumn; the proportion of 

seedheads was highest during late spring but was considerably lower during the remaining 

seasons. Leaf:stem ratio was smallest during late spring, was intermediate during early 

spring and summer, and increased sharply during autumn. 
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5.3.5.3 Morphological composition post-grazing 

Green /eaf,green stem and dead matter 

Mean percentages of the morphological components, and leaf:stem ratio, in herbage post

grazing, are presented in Table 5.8. Over the whole experimental period, sward type had a 

significant effect on the concentration of green leaf in the residual herbage, with RG, LM and 

HM swards having the greatest, intermediate and smallest concentrations of green leaf, 

respectively. Averaged across measurement periods, RG and HM swards had similar mean 

percentages of stem, which were significantly lower than that of LM residual herbage. 

The proportion of dead matter in residual herbage was lowest in RG swards, intermediate in 

LM swards and highest in HM swards. Post-grazing herbage had a lower leaf:stem ratio, 

and contained a greater proportion of dead material ,  than pre-grazing herbage in all three 

swards types. The implications of these observations in relation to the composition of the 

diet consumed by the cows are discussed in Chapter 6. 

5.3.5.4 Vertical distribution of herbage components 

The distribution of herbage components leaf, stem and dead matter in four vertical strata of 

the three sward types in four periods of measurement , and averaged over two years, is 

presented in Figure 5.5 and Appendix 5.1 5A. RG swards contained greater proportions of 

leaf ( 1 9%) and stem (59%) , and a smaller proportion of of dead matter (22%) in the lowest 

sward horizon (O-6cm) than those of both the Matua sward types (averages, 5, 46 and 49% 

respectively) in all periods of measurement. In all swards, the proportion of green leaf 

increased with increasing sward height, but the increase was steeper in RG than the Matua 

swards, and was steeper in LM than HM swards. Dead matter was found in greater 

proportions in the upper sward horizons in a l l  Matua swards compared with perennial 

ryegrass swards, which contained no dead matter above 1 8cm sward height, and was 

generally greater in HM than LM swards. The proportion of stem in both the Matua swards 

was greater than that in the RG swards in all horizons above 6cm, and was generally similar 
\ 

between the two Matua sward types. 

5.3.5.5 Tiller density, tiller weight and plant population density in Matua swards 

The til ler population density and individual ti l ler weights, measured by the author in autumn, 

and by Xia (1 991 )  during other periods (early spring, late spring and summer) of Year Two, 
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are shown in  Appendix 5. 1 6. Tiller population density differed significantly between periods 

(P < 0.05) , and the HM treatment general ly had a h igher ti l ler population density than the 

LM treatment (P = 0.06). Averaged across periods, the mean values were LM,  491 and HM 

564 ti l lerslm2. The tiller population density per m2 generally increased over time in the HM 

swards b ut not in  the  LM swards, except in the autumn when tiller densities for the LM 

swards were s l ight ly g reater ( P  > 0.05)  than  the H M  swards. The  i ncrease i n  t i l ler 

population density was most apparent in the summer and autumn periods, but the treatment 

x period interactions were not significant. 

The dry weights (mgltiller) of individual pre-grazing tillers (Appendix 5. 1 6) for the HM swards 

were significantly greater than those for the LM swards during early spring (P < 0.05), late 

spring (P < 0.0 1 )  and autumn (P < 0.05), but not during the summer (P > 0.05) , when there 

was no significant difference between the two sward types. There was a substantial decline 

in dry weight per ti l ler over time in both the two Matua sward types, with no significant period 

x sward type interactions. Much of the decl ine in individual til ler weights was observed 

during the summer to autumn period. The range in individual ti l ler weights was 1 32-678 and 

1 03-322 mg/til ler for the HM and LM treatments, respectively. 

Plant population densities and number of tillers per plant for the LM and HM sward types are 

also shown in Appendix 5 . 1 6 (Xia, 1 99 1 ) .  Plant population densities were greater in the LM 

( 1 8 p lants/m2) than in the HM (1 3 plantslm2) treatment (P < 0.05), decreased from early 

spring to late spring and summer (P < 0.001 ) ,  and the declines were steeper  in LM than in 

H M  swards; the interaction between treatment and period was significant (P < 0.01 ) .  Tiller 

numbers per plant were significantly higher in summer than in early and late spring (P < 

0 .05), and tended to be greater (P = 0.08) in HM (37 tillers/plant) than LM (24 til lers/plant) 

swards; the interaction between period and treatment was not significant. 

5.3.5.6 Herbage accumulation for Matua swards 

The rates of green and total herbage accumulation per unit area between grazings during 

Year Two are shown in Appendix 5 . 16  (Xia, 1 99 1 ) .  The rate of herbage accumulation was 

significantly different between periods, both for green and total herbage, being highest in 

early/mid spring (September-November) and lowest in late spring/early summer (November

December) for both the LM and HM treatments (Appendix 5. 1 6) .  The differences between 

treatments were s ignificant over all periods for total herbage accumulation (P < 0.001 ) ,  and 

for green herbage accumulation ( P < 0.05). Average values for the LM and HM treatments 

were, respectively, 2.2 and 1 .9 g DMlm2 daily for total herbage accumulation ,  and 1 .6 and 
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2.7 g DM/m2daily for green herbage accumulation. The interaction between treatment and 

period was not significant for rate of total herbage accumulation , but it was significant for 

green herbage accumulation (P < 0.01 ) .  

The rate of  net herbage production per unit area was significantly d ifferent between 

treatments and between periods, but t reatment x period interactions were not significant 

(Appendix 5. 1 6) .  The HM treatment had a higher net production rate for total herbage than 

the LM treatment (2.9 vs 1 .2 g DMlm2 daily). The highest net herbage production for both 

treatments was during the September to November periods, and net herbage production 

was lowest during the late spring/early summer period (November-December) . 

5.3.6 Nutritive value of herbage 

The nutritive values of total herbage on offer, ryegrass and prairie grass whole plants, g reen 

leaf, g reen stem, inflorescence and dead matter, are considered in terms of percentage of 

chemical components in the organic matter or dry matter (as specified), digestibil ity (DMD 

and OMD), ME content and yields of chemical components, DDM and DOMO (g/ m2) .  

The main points regarding herbage quality are highlighted in the following brief summary , in  

order to assist t he reader to prog ress through the large mass of data and differences 

between treatments when averaged across all periods. 

ground level) 

• % N in total herbage : RG > LM > HM 

• % N in whole plants : RG = LM > HM 

• % N in  green leaf and stem : no significant difference 

• % OMD and M E  in total herbage : RG > LM > HM 

• % OMD and ME in whole plants : RG = LM > HM 

• % OMD and ME in green leaf and stem : RG > HM (LM not 

significantly different from either RG or HM) 

• l ea f : s t e m  rat io :  R G  > L M  > H M  ( h e rba g e  a n d  p lan ts  cu t  to  

The above comparisons (with corresponding data) are also presented in  a tabular form in  

Appendix 7 . 1a  (Table 2) and Appendix 7.1 b (Tables 1 and 2). 
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5.3.6.1 Total herbage before grazing 

Chemical composition 

Effect of sward type on %N 

The chemical composition and d igestibil ity of the total herbage before grazing, averaged 

across the seasons of measurement, are presented in Table 5.9. The concentration of N (% 

in OM) in the herbage was influenced by both sward type and season of measurement 

independently (P<0.OO1 ; Appendix 5.6) .  Herbage from RG, LM and HM swards showed 

highest, intermediate and lowest values for percentage N, respectively. However, RG and 

LM swa rds contained simi lar % N during five of the eight seasons of measurement 

(Appendix 5 .7) .  The concentration of N in the three sward types was greater in early spring 

and autumn than late spring or summer (Table 5.1 0) .  

Seasonal trends: ADF, lignin, ash 

The concentrations of acid detergent fibre (AO F) and l ignin (% OM) in the herbage, 

presented as simple means and averaged across seasons, were generally higher in HM 

swards than in RG swards; values for LM swards were intermediate (Table 5 .9) .  AOF and 

lignin values in the three swards varied only sl ightly between seasons, but were generally 

smallest in early spring and greatest in summer (Figure 5.6a,b). Percent ash in the herbage 

dry matter, averaged across the whole experimental period, was significantly greater in RG 

than HM herbage (P<0.05) , but % ash in LM herbage did not differ significantly from the 

rema i n i ng swards (Tab le  5 . 9 ) .  However ,  RG swards genera l ly contai ned g reater  

concentrations of ash than LM and HM swards during early and late spring, whereas % ash 

in LM swards was greater than that of RG and HM swards during summer and autumn, 

a l though  during these seasons the d ifferences between means were genera l ly not 

s ig n ificant (Figure 5 .6c) .  The s ign ificance of these t rends in relation to the mineral 

composition of Matua relative to perennial ryegrass herbage will be discussed in Section 

5.4. 

Chemical composition of herbage (OM basis) 

The chemical composition of pre-grazing herbage (% OM basis) and GE values for each 

sward type during each season of measurement are presented in Appendix 5 .7 
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Digestibility 

Effects of sward type 

Apparent digestibl ities of the herbage  DM and OM (predicted from in vitro digestibil ity 

values), and the levels of DOMD (%) and M E  (MJ/kg DM) averaged across the experimental 

periods, differed significantly between sward types (p<O.001 ) ,  with RG, LM and H M  swards 

showing the highest, intermediate and the lowest digestibilities, respectively (Table 5.9). 

Mean GE contents of the herbage were generally similar between sward types and showed 

little variation between seasons (range 1 7.7 - 1 9 .4 MJ/kg DM; Appendix 5 .7) . 

Season x sward type interactions 

The effects of sward type on both % OMD and DOMD of the herbage on offer were modified 

by seasonal effects (Figure 5.8;  Appendix 5 .6) . The OMD percentages of RG and LM 

swards did not differ significantly in the early and late spring of Year One and in the autumn 

of Year Two, mean values for each period were 74.9,  71 .2 and 76.3% respectively); % OMD 

was greater in RG than LM swards in the remaining seasons of measurement (Figure 5 .6a) . 

The highest OMD value (78.3%) was observed in RG swards in the early spring of Year 

Two, while the lowest value (67.4%) was observed in HM swards in the summer of Year 

Two. Of the three sward types, H M  swards showed the lowest % OMD (P<O.01 ) during 

each of the eight seasons of measurement. Percent DOMD in the three sward types 

fol lowed a similar pattern to that of OMD,  but the three treatments contained similar % 

DOMD in  the late spring  of Year One (mean ,  61 .5%) ,  and RG and LM swards also 

contained similar DOMD concentrations (mean 69.6%) in the early spring of Year Two 

(Figure 5.8b) .  Percent DMD and the estimated levels of ME of the pre-grazing herbage in 

the three sward types during each measurement period are shown in Appendix 5 .8a & b. 

Seasonal trends 

I 
The seasonal trends in the apparent digestibilities of DM and OM, and the levels of DOMD 

(%) and ME (MJ/kg DM) of the herbage before grazing, averaged across sward types, are 

demonstrated in Table 5 . 1 0. Percent OMD and DOMD in the herbage were general ly 

greatest in early spring and smallest in summer; late spring and autumn values were 

intermediate. 
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5.3.6.2 Ryegrass and Matua whole plants 

Chemical composition 

Effects of sward type 

M ean values for the chemical composition and gross energy of perennial ryegrass and 

Matua whole plants {LM & H M} ,  averaged across the whole experimental period , are 

presented in Table 5.1 1 .  The % N {OM basis} in RG and LM plants was similar, but it was 

significantly smaller in HM plants (P<0.0 1 ) .  RG plants contained the lowest percentages 

{OM basis} of AOF and l ignin, LM values were intermed iate, while HM plants had the 

highest values. Ash % was slightly smal ler {P<0.05} in LM and HM plants than in RG 

plants. Mean values for GE of ryegrass and Matua plants were similar (1 8.4 MJ/kg OM). 

Season x sward type effects 

Significant season x sward type interactions modified the concentrations of the various 

chemical components in whole p lants between the seasons {Appendix 5.9}. RG plants 

contained g reater concentrations of total N than the LM and HM swards in early and late 

spring , and th.is was more evident in Year Two {Figure 5.7a}. Percent N was similar in the 

three sward types during summer {both years} , while % N in LM plants tended to be greater 

than that in RG or HM whole plants during autumn. 

The data for the concentrations of AOF and lignin of whole plants from the three sward 

types were not analysed statistically because the samples were not replicated, and only the 

general trends of the concentrations of these herbage components wil l  be mentioned here. 

LM and HM plants generally contained similar percentages of AOF during late spring and 

summer in both years (30.7 - 37. 1 %) ,  and these were considerably g reater than the RG 

plant values {26.7-33.0%} during the same periods; but in early spring and autumn, LM 

plants contained smaller proportions of AOF than RG or HM plants {Figure 5.7b} . Similarly, 
\ 

the concentrations of lignin in LM and HM plants were generally similar, and were greater 

than the RG plant values throughout late spring and summer; however in early spring and 

autumn the differences in lignin concentration between swards were not consistent in both 

years {Figure 5.7c}. In  comparison to ryegrass plants, LM and HM Matua plants contained 

s mal ler concentrations of ash in early and late spring ,  but % ash was greater in Matua 

plants during summer and autumn {Figure 5.7d}. The chemical composition (OM basis) and 

G E values of whole ryegrass and Matua plants in the three sward types during each period 

of measurement are presented in Appendix 5.1 0. 
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Digestibi lity 

Effects of sward type 

Values for the  digest ibi l ity and energy content of ryegrass and Matua whole plants, 

averaged across the measurement periods, are shown in Table 5 . 1 1 .  Percentages of DMD, 

OMD and DOMD, and the levels of ME,  in RG and LM plants were similar (mean 71 .3, 76 .0, 

67.2% and 1 1 .0 MJ/kg DM, respectively) ; but corresponding values for HM plants were 

significantly lower (p<0.01 ) than the other treatments. 

Season x sward type effects 

Season x sward type interaction effects on % OMD and DOMD of whole plants from RG, LM 

and H M  swards were highly significant (P<0.001 ) (Appendix 5 .9) , and are illustrated in 

Figure 5.9.  Similar effects on % DMD and ME levels are depicted in Appendix 5.8c & d. 

Percent OMD did not differ significantly between RG and LM plants in early spring (75.6 vs 

76.9%) or late spring (73.4 vs 73.9%) of Year One, but that of HM plants was significantly 

lower in early spring (72 .9%) and was greater in late spring (75.6%) than those of RG and 

LM plants (Figure 5.9a) .  Percent OMD for LM plants, however, declined significantly 

relative to that of RG plants during early spring (76.7 vs 79.7%) and late spring (70.6 vs 

77.7%) of Year Two, and was similar to that of HM plants, which averaged 75.7 and 68.8% 

during the early and late spring, respectively. Whole plants in the three sward types had 

simi lar organic matter digestibi l it ies during summer, when the mean OMD values were 

73.4% in Year One and 75.0% in Year Two; during autumn, however, the mean OMD 

valu es for LM plants (78.8% in Year One and 81 .3% in Year Two) were generally greater 

than those of plants in the remaining treatments (RG, 76.5 and 76.4% and HM, 75.5 and 

80.9%, for Year One and Two, respectively) (Figure 5.9a). 

The overall DOMD levels in LM and HM Matua plants were either similar to (Year One) or 

smaller (Year Two) than that of RG plants (Figure 5.9b). Differences in the DOMD levels of 
\ 

whole plants between the three  sward types were not significant in the summer of Year 

One. In the summer of Year Two, the levels of DOMD of LM and HM plants were similar, 

but they were significantly smaller than that of RG plants. 
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Seasonal trends 

The influence of season on the nitrogen, ash,  DOMD and M E  contents, and the apparent 

digestibi l ity, of whole plants in t he three sward types a re shown in Table 5 . 1 2 . The 

concentrations of N and ash of the g rasses were general ly stable from early spring to 

s u m m er ,  but increased considerably in autumn. Apparent d igestibi l ity, DOMD and 

estimated M E  levels of the grasses were generally greatest in autumn, and next highest in 

early spring. There was a marked effect of year on the digestibility and DOMD values of the 

grasses such that late spring values were slightly greater than the summer values in Year 

One, whereas during the following year summer values were considerably greater than 

those of late spring. 

The leaf:stem ratios of the plants averaged across the measurement periods (Table 5 . 1 1 ) ,  

c losely resembled those o f  total pastu re herbage (Table 5 .5) ,  as did their seasonal 

va riat ions (Section 5 .3 .5 . 2 ,  Figu re 5 .4a,b) ,  which were generally minor. The mean 

proportion of green leaf:stem in ryegrass plants was 40 and 50% greater than that of LM 

and HM plants, respectively. 

5.3.6.3 Leaf and stem 

Chemical composition 

There were no significant differences between the three sward types in the concentrations 

of total N, averaged across measurement periods, in either the green leaf (Table 5 . 13) or 

green stem (Table 5. 1 4) .  Similarly, the mean concentrations of ash in either the green leaf 

(Table 5. 1 3) or green stem did not differ between sward types. Percent N for green leaf 

was twice that of stem, and that of ash was also greater for leaf than for stem. 

S ignificant (P<0.05) season x sward type effects on % N of green leaf were apparent only in 

Year One (Figure 5 . 1 0a, Appendix 5 . 1 1 ) . I n  Year One, % N for leaf of LM plants was 

g reater in late spring than for RG or HM leaf, and % N for LM and HM leaf was greater in 
I 

autumn than for RG leaf. Differences between swards in % N for leaf were generally not 

s ignificant during the remaining seasons of measurement, a lthough RG leaf tended to 

contain less % N during summer than LM and HM leaf. 

S imilarly, percent N for green stem was influenced by season x sward type interactions 

(Figure 5 . 1 0b, Appendix 5 . 1 2) . RG stem contained a greater % N than LM and HM stem in 
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early spring (P<O.01 ) of Year One and in late spring (P<O.001 ) of Year Two. Otherwise, % 

N for stem was generally simi lar in al l  swards, but tended to be greater for Matua than 

ryegrass stem during summer and autumn. 

Digestibility 

Apparent digestibility (DMD or OMD) of both green leaf (fable 5. 1 3) and green stem (Table 

5 . 1 4) was significantly higher in RG than in HM plants, whi le mean values for LM plants 

were not significantly d ifferent from either RG or H M  values. The values were generally 

slightly higher (1 -2% units) for green leaf than for green stem. Mean levels of DOMD and 

M E  in green l eaf in t he three swards fol lowed a pattern s imi lar to that of apparent 

digestibility, whereas for green stem DOMD, and ME in RG and LM plants were similar, but 

significantly greater than in HM plants. 

Differences in green leaf % OMD and DOMD between the three sward types (Figure 5 . 1 1 ) ,  

arising from season x sward type interactions (Appendix 5 . 1 1 ) , were only apparent during 

the autumn of Year One ( LM > RG & HM) and the late spring of Year Two (RG > LM & 

HM) .  For green stem,  % OMD and DOMD of RG and LM plants (Figure 5 . 1 2 ,  Appendix 

5 . 1 2) were similar during most seasons, except during late spring and summer of Year Two 
, 

when values for LM were lower than those of RG.  HM leaf and stem tended to have the 

smallest values for % OMD or DOMO, particularly during late spring and summer. 

General seasonal trends in the concentrations of N and ash for green leaf (Appendix 5 .1 3) 

and green stem (Appendix 5 . 1 4) were similar to those for whole plants, as described in 

Section 5.3.6.2 (Table 5 . 1 2) .  Seasonal trends for % OMD, % DOMD and ME for green leaf 

(Appendix 5 . 13) or stem (Appendix 5 . 14) also resembled those of whole plants, except that 

the values were greatest in early spring, and not in autumn as for whole plants (Table 5. 1 2) .  

5.3.6.4 Seedheads and dead matter 

Mean concentrations of nitrogen for inflorescences in the three sward types were generally 
I 

similar (Table 5 . 1 5) .  The concentration of ash in RG seedheads was generally greater than 

that of LM and H M  seedheads, which contained similar values (Table 5 . 1 5) .  Apparent 

d igestibi l ity, % DOMO and the ME content of RG seedheads tended to be greater than 

those of Matua, with HM inflorescence showing the lowest values (Table 5 . 15) .  
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Mean concentrations of N in  the dead matter of RG and LM swards were similar, and 

tended to be higher than that of dead matter from the HM swards (Table 5. 1 6) .  Percent ash 

for senescent matter was generally highest, intermediate and lowest in RG, LM and HM 

swards, respectively (Table 5 . 16). The concentrations of N in the dead matter of the swards 

closely resembled those of green stem, while those of ash were generally greater than the 

corresponding values for whole plants (Table 5.1 1 )  and plant components (Tables 5 . 13  and 

5. 1 4) ,  irrespect ive of sward type. Mean values for apparent digestibility and the levels of 

DOMD and M E  of senescent matter in the three sward types were smaller than the values 

for other sward components; and were generally highest for RG swards and intermediate for 

LM swards, with HM swards showing the lowest values (Table 5 . 16) 

5.4. DISCUSSION 

5.4.1 Herbage mass and height 

Mean pre- and post-grazing herbage masses in kg DMlha were, respectively, RG 31 70 and 

2086, LM 4206 and 2237, and HM 5685 and 3644 (Table 5.3). These values were typical 

for the two grass species when g razed laxly and infrequently, i .e .  every 3-4 weeks for 

ryegrass (Bryant, 1 980a; Stockdale, 1 985a; Stakelum and Dillon , 1 991 ; Hoogendoorn et aI . ,  

in  press) , and 5-6 weeks for prairie grass (Brookes and Holmes, 1 986; Cosgrove and 

Brougham, 1 988; Ridler et aI . ,  1 988) . The low average grazing efficiency (41 %) observed 

from the three sward types was expected because of the high herbage allowance given to 

the cows, but it would normally be unacceptable in a farming situation. 

Pre-grazing herbage masses, for all the three sward types, declined substantially during the 

second experimental year relative to the first year (Appendix 5 .2) .  This decline was most 

evident in the early spring of Year Two, was steeper for both the Matua swards, and was 

steeper for the LM than HM sward type. The second year early spring grazing trial started a 

month earlier (mid September vs mid October) compared with the previous year, which 

partly explains the low herbage masses during this period. 

However, the very wet winter of 1 988 (50% above average rainfall, Appendix 5 . 1 )  may have 

caused most of the poor early spring h erbage growth, especially for the Matua swards. 

These swards also had a greater concentration of dead herbage compared to that of the 

previous spring (Figure 5.3) , and the LM swards showed considerable yellowing during this 

period (Plate 5 . 1 ) . It is possible, therefore, that the subsequent treatment effects, and 
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performance of  the Matua sward types were influenced by the wet winter/early spring 

conditions. Previous reports have indicated that Matua prairie grass does not tolerate wet 

soil conditions ( Rumball ,  1 974; Chu et a I . ,  1 979; Anon. ,  1 982; Hi l l and Pearson, 1 985; 

Eccles et aI . ,  1 990). 

P re- and post-grazing sward heights of the  three treatments varied considerably with 

season (Figure 5.1 ) .  Mean values for pre-grazing sward height (RG, 1 6  cm; LM, 28 cm; 

HM,  36 cm) were similar to those reported previously for ryegrass and Matua prairie grass 

under infrequent and lax grazing regimes (Hoogendoorn , 1 986; Ridler, 1 986) . In Matua 

swards the high values for sward height were associated with low mean values for sward 

bulk density relative to RG swards (Table 5.4; RG > LM = HM; 21 1 > 1 72 = 1 79 kg DM/ha 

per cm respectively, P < 0.00 1 )  (Hoogendoorn, 1 986; Mitchell et aI . ,  1 99 1 ) .  Bulk density for 

LM and HM swards was similar despite the 8 cm difference in mean sward height . This 

suggests that, in Matua pastures, the high values for sward height relative to ryegrass may 

not necessarily reduce dry matter intake, because of the generally high density of the 

pasture (Stobbs, 1 975b; Chacon and Stobbs, 1 976; Mursan et aI . ,  1 989; Hughes et aI . ,  

1 99 1 ) .  

The high average post-grazing sward heights of the three sward types (9, 1 2  and 1 5  cm for 

RG , LM and H M  treatments respectively), indicate the high feeding level achieved in the 

present study. Feed intake by rotationally grazed lactating dairy cows is reported to decline 

below 8-1 2 cm post-grazing sward height for perennial ryegrass swards (Le Du et aI . ,  1 979; 

Mayne and Wright, 1 988; Stakelum and Dillon 1 99 1 ) .  For prairie grass swards, the effects of 

post-grazing sward height on feed intake, mi lk yield and subsequent pasture yield and 

composition are unknown . However, the relatively smaller milk yields observed from the 

high mass Matua swards in the current study (Chapter 6) , suggest that reductions in milk 

production from these swards may be substantial at lower residual sward heights or 

herbage allowances than those of the current study. 

5.4.2 Botanical and morphological composition of pasture 

\ 
Botanical composition of herbage 

The proportions of ryegrass for RG swards and prairie grass for LM swards, averaged 

across periods, were similar, and were smaller than that of prairie grass for H M  swards (62 

vs 72%; Table 5 .5) .  The RG and LM treatments contained similar proportions of white 

clover ( 1 7%). Percent other species was slightly greater for LM than RG swards (23 vs 
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1 8%;  P >  0.05). The HM swards contained a smaller percentage of clover (1 2%) than the 

remaining sward types; that of other species ( 1 6%) was significantly smaller relative to the 

LM swards, but did not differ significantly with that for RG swards. 

Differences in the botanical composition of the LM and HM swards were consistent with 

most, but not al l  reports, which showed that lax or infrequent grazing reduced the clover 

content, and increased the proportion and persistence of Matua prairie grass pastures; and 

reduced the proportion of 'unsown' species (Alexander, 1 985; Bell and Ritchie, 1 989; Black 

and Chu, 1 989) . Previous reports also showed that, intense and/or frequent defoliation or 

set stocking reduced the proportion of Matua prairie grass, increased that of 'unsown' 

species, and caused Matua to disappear from the swards within two to four years (ibid; 

Lancashire and Brock, 1 983; Stevens and Hickey, 1 989; Webby et aI. , 1 990) . 

The proportion of prairie grass in HM and LM swards decreased from 85% to a mean of 

48%, and that of other species (mainly perennial ryegrass and Poa spp.) increased from 8% 

to 32% between the start and conclusion of the experiment (two year period) . Differences 

between the two Matua swards in the proportions of these components were not significant 

at the begining and termination of the experiment (Figure 5.2a & c). These changes were 

progressive for LM swards, but for H M  swards significant changes occurred during Year 2 

(Figure 5.2 a & c). The proportion of clover in the Matua swards also declined in Year 2, but 

more steeply for HM than LM (P late 5 .2) .  The progressive decl ine in the proportion of 

Matua herbage in the LM swards was in accordance with previous reports, which showed 

that intense or frequent grazing of Matua swards resulted in sward deteriation (Rumba", 

1 974; Fraser, 1 985) . In the present study, long grazing intervals of five to six weeks did not 

reduce the decline in the proportion of Matua herbage in both the LM and H M  swards. In 

the HM swards, a long grazing interval only delayed the onset of sward decline until the th ird 

year post-establishment. A similar observation was reported by Black and Chu (1 989). 

Persistence of Matua pastures was improved when grazing was lax or delayed unti l  

replacement tillers appeared at the base of the sward, followed by hard grazing to the height 

of the new tillers (ibid; Hume 1 990a; Matthew et a I . ,  in press) . This observation, and reports 
\ 

that t i l ler density in Matua pasture is maintained mainly by til lers from reproductive rather 

than vegetative plants (ibid, Hume, 1 990b, 1 991c) ,  and not by self seeding (Hume, 1 990a), 

suggest that physiological mechanisms and disease and pest damage (Thorn et aI., 1 989; 

B lack and Chu, 1 989; Hume, 1 99 1 c) ,  rather than intensity and frequency of grazing � se, 

may be the major determinants of persistence of Matua prairie grass. 
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Morphological composition of herbage 

Averaged across periods, the proportion of green leaf was greater in RG than in LM or HM 

swards, and was generally g reater in LM than HM swards (means 51 > 39 > 33% 

respectively) .  The proportions of stem,  seedhead and dead matter were smaller in RG 

swards than i n  LM and H M  swards, which had similar proportions of green stem and 

seedheads, but the proportion of dead matter was greater in HM than LM swards (Table 

5.5). The difference between the RG and both the Matua swards in the proportion of dead 

matter was largest in the summer period (Plate 5.2). Average component compositions for 

RG,  LM and HM treatments were, respectively, green stem, 27 vs 33 vs 32%; seed heads 1 

vs 7 vs 7%; dead matter, 23 vs 28 vs 36%. Similar trends in the component compositions of 

perennial ryegrass and high mass Matua pastures grazed by dairy cows were reported by 

Brookes and Holmes ( 1 986), and compared with low mass ryegrass swards, high mass 

ryegrass swards contained g reater proportions of stem and dead matter and lower 

proportions of g reen leaf and were always less digestible {Michel l and Fulkerson, 1 987; 

Holmes et aI . ,  in press; Stakelum and Dillon, { 1 991 }. 

Differences in  the component compositions of the three sward types in the current study 

were reflected in the lower N concentration and % OMD of herbage on offer from the HM 

and LM treatments in comparison to the RG swards. Herbage quality will be discussed in 

Section 5.4.5. 

5.4.3. Tiller population density and herbage accumulation of Matua pasture 

I n  the present experiment , the rate of net herbage production per unit area decreased 

substantially from early spring through summer {Appendix 5. 1 6} .  The ti l ler population 

density increased over the period, but this effect was more than offset by the decrease of 

individual t i l ler weights {Appendix 5 . 1 6} and ti l ler net production rates {Xia, 1 991 } .  The 

highest rate of tiller population increase occurred in the late spring period, but this coincided 

with the lowest rate of net herbage production per unit area as a result of increasing rates of 

senescence (Appendix 5 . 1 6, Xia , 1 99 1 ) .  During the late spring/early summer period, the 
I 

stem accounted for 50% of the total net herbage production Xia, 1 99 1 ) .  Hume, {1 990a; 

1 99 1 c} reported a rapid increase in dry matter accumulation associated with reproductive 

growth, and that reduction in reproductive development may reduce natural reseeding in 

prairie g rass and so reduce sward persistence. 
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The rates of herbage growth and net production, and tiller population density and individual 

tiller weight were significantly greater in H M  than LM swards (Appendix 5 . 1 6) .  Black and 

Chu  ( 1 989)  reported that lax g razing permitted sward persistence and higher t i l ler 

population density but resulted in only 56% grazing efficiency. Hard grazing at 75% grazing 

efficiency resulted in less total herbage harvested and lower til ler population density, owing 

primarily to sward decline (ibid). 

The seasonal effects on pasture production are the results of variation in climate and plant 

physiology. In the present study, the decline in the proportions of the primary grass species 

in the herbage (ryegrass or prairie grass) and in net herbage production in Matua pastures, 

may have resulted from the excessively wet soil conditions experienced in the winter to 

early spring period of 1 988. During this period the rainfall was 50% higher than the 30-year 

average, and the succeeding dry summer, with December rainfall 40% below average, and 

higher temperatures than the average for the period (Appendix 5 . 1 ) . However, there were 

consistent t reatment effects, suggesting that cl imate did not influence the differences 

between treatments unduly. 

5.4.4 Herbage qual ity 

5.4.4.1 Total herbage quality 

The quality of the herbage on offer reflected differences in the component compositions of 

the three sward types. Total N in the organic matter (Table 5.9) was greater in RG than LM 

or HM swards, and was greater in LM than HM swards (means, 2.7 vs 2 .6 vs 2.3, P < 

0.001 ) .  Percent N was smallest in HM swards in all periods of measurement (Figure 5 .7) . It 

was similar for RG and LM swards in most periods, except in late spring, when % N was 

smaller in LM swards, probably due to a sharp decline in Year Two of % green leaf and 

leaf:stem ratio of both Matua sward types (Figure 5.3a and 5.4a) . The low N content of HM 

swards reflected the smaller clover, and high dead matter concentrations of the herbage 

from this treatment compared to the remaining treatments (Figures 5.2b and 5.3c). During 
\ 

autumn, % N was generally greater in LM than RG swards, which was surprising in view of 

the similarity in the proportions of leaf, stem, dead matter and clover of the two sward types 

during this period (Figures 5.2 and 5 .3) .  

Apparent digestibi lity of organic matter, averaged across periods, was highest i n  R G  (75%), 

intermidate in LM (73%) and lowest in HM (71 %) swards. Differences in % OMD between 
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sward types were significant (P < 0.001 ; Table 5.9) .  RG and LM swards had similar % OMD 

in  early and late spring of Year one and autumn of Year Two; at other times % OMD was 

smaller i n  LM than HM swards, and showed a sharper decline i n  late spring of Yeat Two 

compared with RG swards (Figure 5 .8a) . Percent OMD for H M  swards was consistently 

smaller than the remaining sward types. Differences between swards in % OMD resulted in 

s ig n ificantly g reater average DOM and ME concentrations for RG than either LM or HM 

herbage (ME means, 1 0.7; 1 0.4, 1 0 .0 MJ ME/kg OM; Table 5.9, Appendix 5 .8b) . On the 

other hand, C rush et al . ( 1 989) reported similar average digestibility of ryegrass and Matua 

pastures of similar herbage mass grazed by young bulls over the whole year. 

These results are in close agreement with previous reports which showed smaller % N, and 

lower  d i g est i b i l ity of herbage f ro m  h igh  compa red to low mass swards of lower 

concentrations of dead and higher concentrations of green matter (Hoogendoorn, 1 986; 
M ichel l  and Fulkerson, 1 987). However, the relatively smal l  difference (2% units) in the 

average OMD of herbage from LM and RG swards showin g  a large difference in average 

pregrazing herbage mass (1 tonne DM/ha), proportions of green leaf (1 2% units) and acid 

detergent fibre a nd l ignin (Table 5 . 9) confirm previous reports that the nutritive value of 

prairie g rass declines less rapidly with increasing herbage mass and maturity (Anon, 1 982; 
C rush � al . ,  1 989; Hume, 1 990b, 1 99 1 d) .  

5.4.4.2 N utritive value o f  whole plants and plant components 

Despite a greater leaf:stem ratio of ryegrass plants compared to that of low mass Matua 

plants,  % N, % OMD and M E  concentration, averaged across periods, were similar for these 

plants, but were significantly smaller for the high mass Matua plants (Table 5.1 1 ). Percent 

N in green leaf or stem from ryegrass and both Matua sward types was similar; % OMD of 

green leaf or stem from RG and LM swards was similar, but that of HM was significantly 

s ma ller compared with R G  leaf or stem, and was similar to that of LM leaf or stem. Mean 

values for % N for RG or LM and HM treatments were, respectively, whole plant, 2 .6 vs 

2.3%; green leaf 3.5 vs 3.5%; and green stem 1 .8 vs 1 .7%. Corresponding values for % 

OMD were whole plant, 76.0 vs 74.5%; green leaf, 76.8 vs 76.2%; and stem, 75.5 vs 73.8%. 
I 

Compared with RG swards, % OMD for whole plants, g reen leaf and stem from both the 

Matua swards decreased substantially in the late spring/summer period of Year Two. This 

was probably caused by the decline in the leaf:stem ratio of the latter than the former 

swards (Figure 5.4). 
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Differences between treatments in the quality of the herbage components were generally 

larger for dead matter (Table 5. 1 6) and seedhead (Table 5. 1 5) ,  however, the data presented 

for these components are simple means. Generally, % OMD of dead matter from the RG 

swards was greater by 3 and 7% units compared with that of LM and HM treatments, 

respect ively. In v iew of the  substantial amounts of the  seedhead and dead matter 

components of low digestibi lity in  both the Matua sward types compared to the ryegrass 

swards (Table 5.5),  these, and to a lesser extent , stem, are l ikely to have contributed to the 

overall poor quality and feeding value of herbage from the high mass prairie grass pasture, 

and of low mass prairie grass pasture during the summer period. There are very limited 

data on the nutritive value of plant components from prairie grass with which to compare the 

present data. H ume (1 99 1 d) reported from the Netherlands similar average values for % N 

in the DM in Matua reproductive stem (1 .7%) and inflorescence (2 .7%) which were greater 

than those of Westerwolds ryegrass. He (ibid) also observed similar digestibilities of cell 

wal l  and % OMD in Matua plants and Westerwolds ryegrass despite greater concentrations 

of cell wall in Matua plants. 

5.4.5 Conclusions 

1 .  Matua prairie grass pastures maintained at either low or high pregrazing herbage 

mass for two years showed a substantial decline in the proportion of prairie grass in 

the herbage. The decline in the Matua component of the pasture was immediate for 

the low mass swards, but it was evident in the high mass swards in the second 

experimental year (3rd year post establishment). 

2 .  The low mass Matua and perennial ryegrass swards contained, on  average, similar 

proportions of white clover, the high mass swards contained a significantly lower 

proportion of this component. 

3. The proportion of green leaf was consistently greater in perennial ryegrass swards, it 

was intermediate in low mass swards, and was smallest for high mass Matua swards. 

The opposite was observed for dead matter ,  with the LM swards showed an 

intermediate value for this component. The two Matua sward types had similar 

proportions of stem, which were greater than that of perennial ryegrass swards. 

Compared with ryeg rass, prair ie g rass p lants showed a steady decline in the 

leaf:stem ratio over the experimental period. This did not appear to influence the 

nutritive value of the herbage in Year One, but reduced herbage quality the following 

year, except in the autumn, and reduced rates of net herbage production. 



127 

4. Til ler population density and til ler weights declined substantially over time in both 

Matua sward types, but this decline was steeper in the low mass Matua swards. 

5 .  The digestibility of  herbage from low mass Matua swards was similar to t hat of 

perennial ryegrass swards in three of the eight periods of measurement, but it was 

significantly lower at other times; that of high mass Matua swards was consistently 

the lowest during the duration of the study. It appears that the poor quality of Matua 

herbage was caused mainly by the greater concentrations of dead matter and 

seed heads of lower digestibi l ity than for ryegrass swards, especially in the late 

spring/early summer period; since, on the average, the organic matter digestibility of 

whole plants or of leaf and stem from ryegrass or low mass Matua sward types were 

simi lar; and the actual  difference in digestibil ity between these and those of high 

mass Matua herbage was small - although statistically significant. 
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Table 5.1 Nominal target values for pre- and post-grazing herbage masses (kg DM/ha) for 
the three sward types.1 

Sward type Pre-grazing Post-grazing 

Perennial ryegrass (RG) 2000 - 3500 1 000 - 2000 

Low mass Matua (LM) 3000 - 4500 1 500 - 2500 

High mass Matua (HM) 4500 - 6000 2500 - 3500 

1 Actual mean pre- and post-grazing herbage masses for the three sward types averaged 
across al l eight seasons are presented in Table 5.3. 

Table 5.2 Experimental dates during each of the eight periods of measurement. 

Season 

1 987/88 

Early spring 

Late spring 

Summer 

Autumn 

1 988/89 

Early spring 

Late spring 
I
Summer 

Autumn 

Mean (± SO) 

Dates 

Start 

1 6  October 1 987 

20 November 1 987 

29 January 1 988 

9 April 1 988 

23 September 1 988 

5 November 1 988 

1 3  January 1 989 

8 April 1 989 

End 

1 November 1 987 

7 December 1 987 

1 4  February 1 988 

20 April 1 988 

2 October 1 988 

1 8  November 1 988 

27 January 1 989 

21 April 1 989 

1 Duration of grazing trial during each period of measurement. 

Number 

of days 1 

1 7  

1 8  

1 7  

1 2  

1 0  

1 4  

1 5  

1 4  

1 4.6 ± 2.6 



Table 5.3 Mean values (::: SO) for actual pre- and post·grazing herbage masses (kg OM/hal 
for the three sward types averaged across all eight seasons. 1 ,2 

Pre-grazing Post-grazing 
Sward type x SO x SO 

Perennial l)'egrass (RG) 3 1 70 738 2086 529 

Low mass Matua (LM) 4206 1 093 2237 775 

High mass Matua (HM) 5685 1 09 0  3644 787 
-.-- ----���-------

1 Values are raw means ::: standard deviation (SO).  2 Mean herbage masses for the three sward types during each of the eight seasons are 
presented in Appendices 5 .2 and 5 .3 

Table 5.4 Mean sward surface heigh! (em) and bulk densities (kg DM/ha per em sward 
surface height) of the three sward types (RG.  LM and H M )  averaged acro s s  a l l  eight 
seasons. 

Sward height 1 (cm) 
Pre-grazing 

Post-grazing 

Bulk density 
(kg O M  ha-1 cm" ) 

RG 

1 6.0±4.4 

8.7±2.6 

Sward type 
LM 

27.8±1 2.3 

1 2.3::5.6 

1 Values are raw means ± standard deviations. 

H M  

35.7±15.5 

1 5 .4±6.4 

S.E. Sign. 

NA NA 

NA NA 

3.5 

a,b M eans within a row bearifl{tdifferent superscripts differ significantly (P<0.05) . 

Table 5.5 Mean values fo r  botanical and morphological composition (% dry weight) and 
leaf:stem ratio of  the pre-grazing herbage trom the three sward types, averaged across all eight 
periodS of measurement. 

Herbage component 

Bolanical composition' 

Grass2 (%) 
Clover ('Yo) 
Other species3 (%j 

Morphological components4 

Green leaf (%) 
Green stemS (%) 
Dead matter (%) 
Inflorescence (%) 
Leaf:stem 

RG 

63 .5b 
1 6.93 
1 7.9ab 

5 0 .Sa 
2G.Gb 
23.2c 
1 .2b 
2 . 3a 

Sward type 

L M  H M  S . E .  

6 1 .0b 7 1 .9a 1 .80 
1 6. 5a 1 2.2b 0.94 
22.6a 1 5 .9b 1 .86 

38.7b 32 .sC 1 . 1 3  
33.4<1 32 . 1 a 0.48 
28.0° 36.4a 1 . 1 9  
6.9 a 6.73 0.43 
l . 5b 1 .2c 0 . 03 

- - - - �� �--.�----

1 Values are presented on dry weighl basis ot green biomass ( excludes dead matter). 
2 Ryegrass or Malua prairie grass. 
3 Includes weeds. 
4 Percentage of total dry matter 
5 Includes inflorescence 
a ,b,c Means within a row with dlfferenl letters dif fer  significantly (P < 0.05).  
+ Significant a t  P < 0. 1 0 .  

Sign. 

+ 

1 2 9  



1 30 

Table 5.6 Mean values for botanical composition (% dry weight) of pre·grazing herbage during each of 
the eight measuring periods , averaged across all three sward types (RG, LM & HNt). 

Season 

1 987/88 

Early spring 
Late spring 
S ummer 
Autumn 

1 988/89 

S .E. 

Early spring 
Late spring 
S ummer 
Autumn 

S ign. level 

8 1 .9a 

74.2b 

M. l c 

65.7c 

/ 

7 1 .3a 

69.5 a  
SO.7b 

S U b 

3. 1 

* * *  

Herbage component 

Clover 

8.Sc 
l 1 .6c 

26.4<1 
19.5b 

8.0b 

8.8b 

1 7. la 

2 1 .2<1 

1 .8 

... * 

1 Ryegrnss and Mama prairie grass 
2 Other plants, including weeds 
a,b,c Values in a column within a year bearing different superscripts differ significantly 

9 .3b 

1 4 .2a 

9.5b 

14 .8a 

20. 7b 
2 1 .7b 
32.3<1 
27. 7a 

2.0 

* *  .. 

(P < 0.05). Values i n  this and other similar tables are expressed on dry weight basis of green biomass 
(excluding dead maner). 
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Table 5.7 Mean values for morphological components ('Yo dry weight) of pre-grazing herbage 
during each of the eight measurement periods, averaged across all three sward types (RG< LM 
& HM). 

Season 

1 987/88 

Early spring 
Late spring 
Summer 
Autumn 

1 988/89 

Early spring 
Late spring 
Summer 
Autumn 

S. E. 

Sign . level 

1 Includes seed heads 

Leaf 

38.7a 

31 .0b 

29.6b 

35.9a 

56.5a 

38.3b 

40.2b 

54. 1 a 

1 .8 

*** 

Herbage component 

Stem1 Dead Seedhead 

43.5a 1 7.8c 6.7b 

41 .6a 27.5b 9 .7a 

25.7b 44.7a 4.5b 

1 8.3c 45.9a 1 .5c 

25.0b 1 8.rc O.Oc 

48. 1 a 1 6.rc 1 2.6a 

24.8b 35 . 1 a 3.0bc 

1 8.7c 27.4b 1 .3c 

1 .5 1 .7 1 . 1 

a,b,c,d Values in a column within a year bearing different letters differ significantly 
(P < 0.05) 

Leaf:Stem 

1 .0bc 

0.8c 

1 .2b 

2 . 1 a 

2.4b 

0.9d 

1 .7c 

3.2a 

0 . 1  

*** 

Table 5.8 Mean values for morphological composition ('Yo dry weight) and leaf:stem 
ratio in the post-grazing herbage from the three sward types, averaged across all eight seasons. 

Sward type 

Herbage component RG LM HM S.E. 

Green leaf ('Yo) 33.7a 24.9b 1 7.4c 0.93 

1 
Green stem ('Yo) 32.7b 35.8a 32.1 b 0.66 

Dead material ('Yo) 33.7C 39.4b 50.5a 1 .38 

I nflorescence ('Yo) O.Ob 2.5a 2.6a 0.23 

Leaf:stem ratio 1 . 1 a 0.8b 0.7b 0.04 

a,b,c Means within a row bearing different letters differ significantly at P < 0.05. 

Sign .  

* * *  



Table 5.9 Mean values for chemical composition (% OM) in vitro digestibil ity and energy 
concentration of pre-grazing herbage from the three sward types, averaged across all eight 
periods of measurement. 

Sward type 
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Herbage parameter RG LM HM S .E. Sign. 

Chemical com�osition 

N itrogen (% OM) 2 .7a 2.6b 2.3c 0.04 

ADF1 (% OM) 29.3 ± 2 .2 32.0 ± 2 .9  34.6 ± 2 .4 NA 
Lignin 1 (% OM) 3.5 ± 0.6 4.3 ± 0.6 4.5 ± 0.7 NA 
Ash (% OM) 1 0.0a 9 .7ab 9.0b 0.30 

Digestibil ity 

Dry matter (%) 69 .4a 67.3b 64.3c 0. 1 9  

Organic matter (%) 74.7a 73. 1 b 70.7c 0.20 

DOMD (%) 
'
65 .7a 63.8b 61 .3c 0.20 

Energy concentration 

G E1 (MJ kg DM-1 ) 1 8 .4 ± 0.5 1 8.3 ± 0.3 1 8.3 ± 0.3 NA 
M E  (MJ kg DM-1 ) 1 0.7a 1 0.4b 1 0.0c 0.03 

NA = Not applicable. 
1 Values are means (± SO) of samples bulked within each sward type during each season 
(n=8) . 
a,b,c Means within a row bearing different letters differ significantly at P < 0.05.  
+ Significant at  P < 0. 1 0. 

NA 
NA 

+ 

**. 

**. 

NA 
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Table 5.1 0  Mean values for nitrogen, ash and metabolisable energy concentration, and in 
vitro digestibil ity of pre-grazing herbage during each of the eight seasons, averaged across all 
three sward types (RG, LM & HM). 

Herbage parameter 

Nitrogen Ash OMO OMO OOMO ME1 

Season % OM % OM % OM % % % 

1 987/88 

Early spring 2 . 1 b 2.4b 1 0.0b 68.8a 73.9a 64.7a 1 0.6a 
Late spring 1 .9b 2 . 1 c 9 .8b 65 .3b 71 .2b 61 .5b 1 0.0b 

Summer 1 .9b 2.2c 9.4b 62.9c 70.0c 60.4b 9.Sb 

Autumn 2.5a 2.8a 1 1 .5a 65 . 1 b 71 .7b 6 1 .6b 1 0. 1 b 

1 988/89 

Early spring 2 .Sa 3 . 1 a 8.6b 71 .5a 76.4a 68.4a 1 1 . 1 a 
Late spring 2.0b 2.2b 7.9C 67.6b 73.3b 64.7c 1 0.5c 

Summer 2.2b 2.4b 9 . 1 b 64.5c 70.7c 60.Sd 9.9d 

Autumn 2 .9a 3.2a 1 0.4a 70.5a 75 .6a 66.Sb 1 0. gb 

S. E. 0.07 O.OS 0.40 0.5S 0.42 0.52 O.OS 

Sign.  level 

a,b ,c Means in a column within a year bearing different letters differ significantly at 
p < 0.05 

1 MJ/kg OM. 
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Table 5.1 1 Mean values for chemical composition (% OM) , in vitro digestibility, energy 
concentration and leaf:stem ratio (dry weight basis) of ryegrass and prairie grass whole plants 
from the three sward types, averaged across all eight seasons. 

Sward type 

Herbage parameter RG LM HM S.E. 

Leaf:stem ratio 2.3a 1 .4b 1 . 1 c 0.04 

Chemical com�sition 

N itrogen (% OM) 2 .6a 2.5a 2.3b 0.05 

ADF1 (% OM) 28.6 ± 1 .7 29.4 ± 3.9 32.2 ± 2 .2 NA 

Lignin 1 (% OM) 3 .5 ± 0 .6 4.3 ± 0.6 4.5 ± 0.7 NA 

Ash (% DM) 9 .3 9 .1  9 .0 0.24 

Digestibilit:t 

Dry matter (%) 71 .4a 71 . 1 a 69.4b 0.29 
, 

Organic matter (%) 76 .2a 75.8a 74.5b 0.23 

DOMD (%) 67.4a 66.9a 65.5b 0.33 

Energ:t concentration 

G E1 (MJ kg DM-1 ) 1 8 .5 ± 0.32 1 8.5 ± 0.26 1 8.2 ± 0.25 NA 

ME (MJ kg DM-1 ) 1 1 .0a 1 0.9a 1 0.7b 0.05 

NA = Not applicable. 
a,b,c Means within a row bearing different letters differ significantly at P < 0.05.  
1 Values are means (± SD) of samples bulked within each sward type during each season 
(n=8) . 

Sign. 

NA 

NA 

NS 

NA 
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Table 5.1 2  Mean values for nitrogen, ash and metabolisable energy concentrations, and in 
vitro digestibility of ryegrass and prairie grass whole plants during the eight measurement 
periods, averaged across all three sward types (RG, LM & HM). 

Herbage parameter 

Nitrogen Ash DMD OMD DOMD ME1 

Season % DM % OM % DM "/" % % 

1 987/88 

Early spring 2.0b 2 .2b 9.0b 70.2b 75. 1 b 65.8ab 1 0.7ab 

Late spring 1 .8b 2 .0b 9.0b 68.9bc 74.3b 65 .0bc 1 0.6bc 

Summer 1 .9b 2 . 1 b 9 .6b 68.2c 73.4bc 63.9c 1 0Ac 

Autumn 2.8a 3 . 1 a 1 0.5a 72.6a 76.9a 67.4a 1 1 .0a 

1 988/89 

Early spring 2.6b 2.7b 7.1 c 73. 1 b 77Ab 70. 1 a 1 1 Aa 

Late spring 1 .8d 1 .9c 7 . 1 c 66.7d 72.4d 63.7c 1 0Ac 

Summer 2.2c 2 .5b 9.5b 70.1 c 75.0c 66. 1 b 1 0.8b 

Autumn 2.9a 3.2a 1 0. 9a 75.5a 79.2a 71 . 1 a 1 1 .6a 

S .E. 0.08 0 . 1 0  0 .25 0.64 0.50 0.58 0.09 

Sign .  level *** * * *  *** * ** *** *** 

a,b,c ,d Means within a column within a year bearing different letters differ significantly at 
p < 0.05 .  
1 MJ/kg DM. 
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Table 5.1 3 Mean values for chemical composition, in vitro digestibility and metabolisable 
energy concentration of green leaf of ryegrass and prairie grass from the three sward types, 
averaged across all eight seasons. 

Herbage parameter RG 

Chemical composition 

N itrogen (% OM) 3.4 

Nitrogen (% OM) 3.0 

Ash (% OM) 9.8 

Oigestibil it� 

Dry matter (%) 72.4a 

Organic matter (%) n.Oa 

OOMO (%) 68 .8a 

M E  (MJ/kg OM) 1 1 .2a 

Sward type 

LM 

3.5 

3.2 

1 0 .2 

71 .9ab 

76.6ab 

68. 1 ab 

1 1 . 1  ab 

HM 

3.5 

3 . 1  

1 0. 1  

71 .5b 

76.2b 

67.6b 

1 1 .0b 

a ,b Means bearing different letters differ significantly at P < 0.05. 
+ = P < 0 . 1 0  
NS = Not significant at P < 0.05.  

S.E.  

0.07 

0.06 

0.1 4 

0.28 

0.22 

0.33 

0.05 

Table 5.1 4 Me;:ln values for chemical composition, in vitro digestibility and energy 

Sign. 

NS 

NS 

NS 

+ 

+ 

+ 

+ 

concentration of green stem of ryegrass and prairie grass from the three sward types, averaged 
across all eight periods of measurement. 

Sward type 

Herbage parameter RG LM HM S. E .  Sign. 

Chemical composition 

Nitrogen (% OM) 1 .7 1 .8 1 .7 0.05 NS 

Nitrogen (% OM) 1 .6 1 .6 1 .5 0.05 NS 

Ash (% OM) 7.3 7.2 7.2 0.21 NS 

Oigestibilit� 

Dry matter (%) 70.8a 69.7ab 68.4b 0.39 . .  

Organic matter (%) 75.9a 75.0ab 73.8b 0.33 

OOMO (%) 68.7a 67.6a 66.3b 0.46 

M E  (MJ/kg OM) 1 1 .2a 1 1 .0a 1 0.8b 0.06 

a ,b Means bearing different letters differ significantly at P < 0.05. 



Table 5.1 5 Mean values (± SO) for chemical composition. in vitro digestibility and energy 
concentrations of inflorescences of ryegrass and prairie grass from the three sward types, 
averaged across all eight periods of measurement. 1 

Sward type 

H erbage parameter RG LM HM 

N itrogen (% OM) 2.1 ± 0 .4 2 .0 ± 0.3 2.0 ± 0.3 

N itrogen (% OM) 2 . 0 ± 0.0 1 ,9 ± 0.2 1 .9 ± 0.3 

Ash (% OM) 7.0 ± 1 .5 5.3 ± 0.4 5.6 ± 0.5 

OMO (%) 67.8 ± 1 0.4 64. 1  ± 3.5 61 .4 ± 4.5 

OMO (%) 73.4 ± 8 .5 70.4 ± 3 . 1  68.2 ± 4.0 

OOMO % 66. 0 ± 8.9  63. 4  ± 2.9  60.7 ± 3.8 

M E  (MJ/kg OM) 1 0.8 ± 1 .5 1 0.3 ± 0.5 9 . 9  ± 0.6 

n2 3 7 7 

1 Values are raw means of samples pooled on seasonal basis. 
2 N umber of seasons during which inflorescence was available for sampling. 

Table 5.16 Mean values (± SO) for chemical composition, in vitro digestibility and energy 
concentrations of senescent matter from the three sward types, averaged across all eight 
seasons. 1 . 

Sward type 

Herbage parameter RG LM HM 

N itrogen (% OM) 1 . 8 ±  0.3 1 .8 ± 0.3 1 .6 ± 0.2 

Nitrogen (% OM) 1 .6 ± 0.2 1 .6 ± 0.2 1 .4 ± 0.2 

Ash (% OM) 1 1 . 1 ± 1 .4 1 0.5 ± 1 .5 9 .3 ± 1 .2 

OMO (%) 50.3 ± 1 .9 47.9 ± 1 .6 45 .3 ± 2 . 1  

OMO, (%) 48. 1  ± 2.8 44. 9 ± 2.5 41 .3 ± 2.7 

DOMO % 42 . 9  ± 2 . 8  40.5 ± 2.5 37.7 ± 2.3 

M E  (MJ/kg OM) 7.0 ± 0.5 6.6 ± 0.4 6. 1 ± 0.4 

1 Values are raw means of samples bulked on treatment basis within each season. 
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Figure 5.1 Mean values for (a) pre-grazing sward height ,  (b) post-grazing sward 
height, and (c) sward bulk density of the three sward types for each period of measurement. 
Values for (a) and (b) are raw means. 

Note :  For this Figure and a l l  subsequent Figures in the present chapter, unless indicated 
otherwise ,  vertical bars denote the la rgest standard error of the means (S.E .M .) ;  within 
each period, means that differ s ignificantly ( P  < 0 .05) bear d ifferent letters (a ,  b or c) ; 
R=ryegrass swards, L=low mass Matua swards, H=high mass Matua swards; and ES=early 
spring , LS=late spring, SM=summer, and AU=autumn. 
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Figure 5.2 Mean va lues for botanical  composition (% dry we ight) of t he p re-grazing 
herbage from the three sward types during each of the eight periods of measurement: (a) g rass 
(perennial ryegrass or prairie g rass) ; (b) white clover; (c) others. 
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Figure 5.3 Mean values for morphological components (% dry weight) of the pre-grazing 
herbage from the three sward types du ring each of the eight seasons :  (a) green leaf ;  (b) green 
stem; (c) dead mailer;  (d) seedhead. 
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Figure 5.6 Mean values for concentrations of (a) acid-detergent fibre and (b) lignin 
(% OM) ,  and ash (% DM) in the pre-grazing herbage from each of the three sward types 
during each of the eight periods of measurement. Values for (a) and (b) are raw means of 
samples pooled across replications. 
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Fig ure 5.7 Mean values for concentrations of (a) nitrogen, (b) acid detergent fibre 1 ,  (c) 
l ignin (% OM) 1 , a nd (d) ash (% OM) in ryegrass and prairie grass whole plants from the three 
sward types during each of the e ig ht periods of measurement. 

1 Values a re raw data from samples bu lked within sward types during each of the eight 
seasons. 
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Mean values for in vitro digestibi l ity of (a) organic matter 
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concentrations of DOM D  ('Yo) in ryegrass and prairie g rass whole plants from the three sward 
types du ring each of the e ight periods of measurement. 
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Figure 5. 1 1  M e a n  values for in vitro digestib i l ity of (a) organic matter (%) and (b) and 
DOMD concent ration (%) of g reen  leaf f rom the  three sward types during each of the eight 
periods Of measurement. 
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Figure 5.1 2  Mean values for in vitro d igest ibi l i ty of (a) o rganic matter (%) and (b) and 
DOMD concentrat ion (%) of g reen stem f rom the three sward types during each of the e ight 
periods of measurement. 
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C H A P T E R  6 

EFFECTS OF GRAZING REGIME AND SEASON ON THE 

FEEDING VALUE FOR MILK PRODUCTION OF PRAIRIE 

GRASS SWARDS GROWN WITH WHITE CLOVER 

(EXPERIMENT 2) 

6.1 INTRODUCTION 
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Prairie grass (Bromus willdenowii Kunth) is potentially a valuable temperate pasture species 

for dairy cows both in New Zealand (Rumbal l ,  1 974; Belgrave et aI . ,  1 990) and elsewhere 

(Anon . ,  1 982 ;  Parneix, 1 982; G .A.  J ung, pers. com. ) .  The cultivar 'Grasslands Matua', 

which is in current use in New Zea land, was released in 1 975 as a winter and summer 

season active ,  and high nutritive value pastu re cultivar most suited to lax-infrequent grazing 

on well drained, h igh fertil ity dairy farms (Rumbal l ,  1 974). Previous work showed that cows 

grazing 'pure' Matua swards of low herbage mass « 2 .5t DMlha) in spring produced similar 

quantities of m i l k  and mi lktat to cows grazing 'pure' Westerwolds ryegrass or mixed 
ryegrass/white clover pastures, when offered a generous herbage allowance (Wilson and 
G race, 1 978) : However, subsequent observations with sheep (Alexander, 1 985; Fraser. 

1 985), dairy cows (Brookes and Holmes, 1 986; Thom and Prestidge, 1 988; Sellars. 1 988) , 

or young bul ls  (Cosgrove and Brougham, 1 988; Crush � aI. ,  1 989; Webby et aI., 1 990) 

have raised questions on Matua's feeding value, levels of consumption of the herbage 

grown and persistence, under the original ly recommended management. The current 

thinking is that Matua p ra irie grass can be grazed more intensively with long rest periods 

(Fraser, 1 985; Matthews, 1 986), or after replacement ti l lers have emerged at the base of the 

sward (Black and Chu, 1 989) . Such management may lead to significant improvements in 

the feeding value of Matua prairie grass pastures, and in animal and sward productivity, but 

this has not been assessed under an applied dairy farming system. 

The objectives of the present study were to measure over a range of seasons, the effects of 

differences in pasture composition and feeding value on the performance of dairy cows 

grazed on Matua prairie grass/white clover swards maintained at low or high pregrazing 

he rbage mass; and to compare these with m i l k  production data from cows g razed 

simultaneously on 'conventional' perennial ryegrass/white clover pastures. 



6.2 EXPERIMENTAL PROCEDURE 

6.2.1 Scope of the experiment 
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The feeding value for milk production of perennial ryegrass (RG), low mass Matua prairie 

grass (lM) and high mass Matua prairie g rass (HM) swards was measured, during eight 

short term grazing trials, over two lactations ( 1 987/88 and 1 988/89) , during early spring, late 

spring, summer and autumn. The three sward types were grown in association with white 

clover, and were prepared for th is investigation as was explained in Chapter 5 ,  Section 

5.2.2. The present chapter describes the feeding value of herbage from the three swards, 

and details of animal production by the cows grazing on the swards. The details of sward 

composition have already been described in Chapter 5 .  

6.2.2 Swards and treatments 

The low mass and high mass Matua prairie grass swards were created, and maintained 

through differential defoliation by dairy cows, at target pre-grazing herbage mass and target 

post-grazing herbage mass as was defined in Table 5 . 1  (Section 5.2.3. 1 ) .  

The three treatments o r  sward types, perennial ryegrass (RG), low mass Matua (lM) and 

high mass Matua (HM),  were grazed by three groups of lactating cows as described in 

Sections 5 .2.3.2 and 6.2.6. 1 .  The actual dates of experimental grazing of the swards, 

duration of each g razing trial (days) , and the season of measurement were shown in Table 

5.2 of the previous chapter. The seasons during which measurements were made were 

defined in Chapter 3, Section 3.3. 

6.2.3 Experimental animals 

The selection of cows (predominantly Friesian), selection criteria and management of the 

animals before each grazing trial were explained in Chapter 5, Section 5.2.3.2. 

6.2.4 Experimental design 

In each of the eight grazing trials, the differences between the three sward types during 

each measurement period, and d uring the entire experimental period, were assessed 

according to a completely randomized design (Cochran and Cox 1 957),  with eight cows per 

treatment. 
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The  p roblem of inadequate replication i n  g raz ing experiments with cattle has been 

d iscussed by several workers ( Bl ight � aI . ,  1 984; Hoekstra ,  1 987) and remain s  a 

contentious issue, mainly because of resource constraints. For the same reasons the three 

groups of cows in the current study (each group and its associated paddock constituting the 

experimental unit) g razed the three sward types without further cow group replication. 

Statistically. this was of major consequence only in the estimation of feed intake, because 

fai lure to isolate within-treatment between-animal and between-paddock (group) variation 

inflates the random experimental error, and reduces the power of the tests of significance. 

Where individual animal measurements were taken (e.g. liveweight and milk yields) , cows 

within a treatment group were treated as replications, with animal-with in-paddock variation 

providing the error term. Although the three sward types were replicated in four paddocks, 

the paddocks within each treatment were grazed in sequence with the same group of cows, 

at herbage regrowth intervals which were as similar as was practically possible. 

6.2.5 Management of experimental animals 

D uring the experimental period, experimental cows were managed in separate groups 

according to their designated treatments. The cows were milked at 0600 and 1 600 hours , 

spending approximately 2 hours each day away from pasture. The cows were offered their 

dai ly he rbage al lowance, after the  morn ing mi lk ing ,  as one  a rea of fresh  pasture ,  

surrounded by electric fences. The cows had access to water at  a l l  times. 

I n  early spring all cows were drenched daily with Bloatenz (Economics Lab. N .Z. Limited) at 

the morning milking, and depending on sward condition during other measurement periods, 

as a prophylactic measure against bloat. Cows exhibiting oestrus during late spring were 

inseminated or served by a bul l  after the morning milking. There were no major health 

problems during the two year experimental period. The cows had access to mineral block in 

the milking shed. 

6.2.6 Measurements taken 

6.2.6.1 Sward measurements 

Herbage mass, sward surface height, and morphological composition of herbage before and 

after g razing,  and herbage qual ity before g razing, were measured as was described in 
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Chapters 3 and 5 (Section 5.2 .4.). Procedures used in estimating herbage allowance (HA) , 

dry matter intake (OMI) and the composition of the diet consumed are outlined below. 

Herbage allowance 

The area of pasture required to meet the common daily herbage allowance of 50 kg OM/cow 

( 1 1  kg OM/1 00 kg liveweight) for each 24 hr period of grazing was determined from the 

measured pre-grazing herbage mass (from herbage cuts taken 36 hours previously). No 

account was made for herbage accumulating or disappearing over the 36 hours between 

the cutting and commencement of grazing. 

Dry matter intake 

Apparent herbage dry matter intakes were estimated from the difference between pre- and 

post-grazing herbage masses for each 24 hour break. The amount of herbage which 

disappeared during the g razing process was presumed to have been eaten by the cows. 

No attempt was made to correct this value for net herbage accumulation during the grazing 

period. 

Diet composition 

The masses of each component calculated to be contained in the sward, both before and 

after  grazing for each b reak, were used to estimate, by difference, the amount of each 

component which disappeared during the grazing process. These amounts were assumed 

to have been eaten by the cows. 

6.2.6.2 Animal measurements 

The following cow measurements were taken during each grazing trial (on an individual cow 

basis): 

(i) unfasted liveweight and condition score 

(ii) daily yields of milk, milkfat, milk protein and lactose 

(iii) milk composition (% milkfat, milk protein and lactose) 

Cows were weighed after the morning milking (between 0700 and 0800 hours) on two 

consecutive days immediately prior to the commencement of each measurement period, 
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and on two consecutive days commencing 48 hrs after each grazing trial had terminated . 

The 48 hour i nterval between termination of the experimental period and first weighing of 

the  cows was a l lowed in an attempt to m in imize bias due to possible d ifferentia l  gut fill 

between the treatment groups. The unfasted liveweight of each animal before and after 

each measurement period was the mean of the two consecutive weights. 

The condition score of each cow (Earle, 1 976) was assessed visually at the same times that 

the cows were weighed. 

M ilk  yields for each cow were measured at both milkings on two or three consecutive days 

per week d uring the 2 week covariate and the 2-3 week trial periods, respectively. Mi lk 

sampling meters (Tru-test Distributors Ltd.) ,  which sample a proportion of the mi lk flow of 
each cow, were used to measure milk yield. Daily milk yield was taken as the sum of the 

yields at the evening milking and at the following morning's milking. Aliquots of milk from 

each milking were analysed for fat, protein and lactose concentration by infra-red absorption 

(Mi lko Scan 1 04,  AlS N.  Foss E lectric, Denmark). Milk, milkfat, mi lk protein and lactose 

yields were calculated for each cow and the figures averaged for the two or three days to 
give a mean value for daily yield per cow for each week. 

6.2.7 Statistical analyses 

The effects of sward type and season on the daily allowance of green matter and green leaf, 

and on daily feed intake, were subjected to un ivariate analysis of variance for a completely 

randomized design in a factorial arrangement, as paddock effects were dropped from the 

model  because they were not significant. The effects of sward type and season on the 

composition of the diet consumed by the cows were subjected to univariate analysis of 

variance for a split-plot in time design using a linear model described in Section 3.6.2. 

The effects of sward type and season on the final unfasted liveweights and condition score, 

and on changes in liveweight and condition score of the cows at the end of the experimental 

period (8 t ria ls) , were examined by analysis of covariance according to a completely 

rahdomized d esign,  with the i nit ia l  measurements (Jiveweight a nd condit ion score, 

respectively) nested within seasons as covariates. 

Data for daily yields of milk, milkfat, m ilk  protein and lactose, and data for the concentrations 

of mi lk  fat, m i lk protein and lactose,  were subjected to repeated measures analysis of 

covariance (variables were measured repeatedly at different times on the same individuals), 
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at the conclusion of each grazing trial. This was to test, by orthogonal contrasts, the effects 

of t ime (in weeks) on the response of cows, within and between groups, to the three 

treatments or  sward types. Repeated measures analysis of correlated measurements, a 

form of multivariate analysis, takes into accou nt the different error structure that exists, 

within and between animals, across measurement periods (Gill and Hats, 1 971 ; Bryant and 

G il l ings, 1 985). The null hypothesis that the treatment effects are similar are tested within 

each time period (ibid). 

The m i l k  production data were a lso pool ed a nd subjected to un ivariate analysis of 

covariance, with pre-experimental measurements, nested within seasons, as covariates, in 

order to examine the effects of sward type and season on the various mi lk p roduction 

parameters . A l l  data for mi lk  p roduction were analysed according to a completely 

randomized design. 

The following general linear models were used to describe the data for: 

(i) green matter, green leaf, total OM and total DOMO allowance (kg/cow daily; 

dry weight basis) , and feed intake: 

y . . = � + T .  + S . + (TS) . .  + e ·  . � J � J � J  � J  

where y . .  � J  

� 

Ti 

S· J 
(TS)ij 

e · . 
� J  

= 

= 

= 

= 

= 

= 

observation in the jth season from the ith sward type 

overall mean 

effect of the ith sward type; i = 1 ,2 ,3 

effect of the jth season; j ::: 1 ,  . . .  ,8 

interaction between the jth season and t he it h 

sward type 

random residual error associated with the jth season 

and t h e  i th  sward type , and is assumed to be 

normally distributed with mean 0 and variance (J2 . 

(ii) final and change in l iveweight and condition score of the cows; and yields of 

milk, mi lkfat, mi lk protein and lactose, and the concentrations of milk solids over the 

whole experimental period: 
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y .  . k = I I  + T . + S . + AX . k ( . )  + (TS) . . + e · . k � J  ,... � J t-' � J � J  � J  

where y .  ' k = 
� J  

I-l = 

T ·  = � 

S ·  = 
J 

� = 

Xik ( j )  = 

= 

observation on cow k in season j on sward type i 

overall mean 

effect of the ith sward type; i == 1 .2 .3 

ff f h ·th . . e eet 0 t e J season. J = 1 • . . . •  8 

regression coefficient associated with xik ( j )  
i nitial observation of the variable concerned on the 

kth 
cow within the jth season on the ith 

sward type 

interaction between the jth 
season a nd the ith 

sward type 

random error associated with the kth 
cow in the j th 

season on the i
th  sward type, and is assumed to be 

randomly distributed with mean 0 and variance 02. 

(iii) milk, milkfat, milk protein and lactose yields with covariates during each 

measurement period or season (repeated measurements analysis) : 

where Y i kp 
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xik 

== 

== 

== 
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== 

observation on the kth cow on the ith sward type in 

period (week) p 

mean of the pth week 

effect of the ith sward type in the pth week; i=1 .2.3; 

p ::: 1 ,2 ,3 

regression coefficient associated with xik 
i nitial observation of the kth 

cow on the ith 
sward 

type before each measurement period commenced 
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random error associated with the kth cow on the i th 

sward type during the pth week, and is assumed to 

be normally distributed with mean 0 and variance cr2 

but there being covariance across weeks. 

Herbage allowance a nd intake 

Herbage allowance 

The values for daily allowance of total herbage (HA), green matter (GMA) , green leaf (GLA) , 

organic matter (OMA) and digestible organic matter in the dry matter (DOMA) , for cows 

grazing either RG,  LM or H M  swards, averaged across the eight experimental periods, are 

p resented in Table 6 . 1  a .  The daily HA actually given to the cows on each of the three 

swards (mean, 50.2 kg OM/cow; P>0.05) agreed closely with the nominal target of 50 kg 

OM/cow. Similarly, there were no significant differences between the cow groups (P>O.OS) 

in the mean dai ly OMA in the dry herbage (mean ,  45.4 kg/cow). There were, however, 

significant differences between the swards (P<0.001 )  in the masses of green matter, green 

leaf and DOM presented to the cows daily (Table 6.1a;  Appendix 6 . 1 a) .  In comparison to 

the LM and HM swards, green matter a llowance for the cows on RG swards was greater by 

8 and 1 9%, green leaf a llowance was greater by 25 and 37%, and digestible organic matter 

a l lowance was greater by 7 and 8%, respectively. 

Seasonal variations in the masses of the various sward components presented to the cows 

daily, arising from interactions between season and sward type, are i l lustrated in Figure 6. 1  

and Appendix 6 . 1 a .  

Green matter allowance 

Cows on the H M  treatment received the smallest green matter al lowance d uring al l  the 

experimental periods, except i n  early spring when G MA was similar to that for cows on the 

RG swards (Year One) or the LM swards (Year Two) (Figure 6 . 1 a). Cows on the LM 

swards received less G MA than those on the RG swards <Juring five of the eight periods of 

measurement; at other times G MA was similar on the two swards. 
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Green leaf allowance 

During all the experimental periods, green leaf allowance was greatest for RG, intermediate 

for LM swards and smallest for HM swards, and differences between the treatments were 

significant (Figure 6 .1  b). 

Organic matter allowance 

The daily a llowance of organic matter did not differ significantly between the sward types 

throughout Year One of the experiment, while differences between sward types during Year 

Two were inconsistent (Figure 6 . lc) .  

Digestible organic matter allowance 

The daily DOMA for cows on the RG and LM swards was similar during five of the eight 

measurement periods, but that for cows on the HM sward type was generally the smallest, 

and this difference was most apparent between late spring and autumn of Year Two (Figure 

6 . 1 d) .  

Seasonal trends 

G reen mass a llowance for a l l  swards tended to decline d uring summer and autumn, but 

G LA was smallest in late spring and summe r; while DOMA varied very l ittle  between 

seasons but was smal lest in summer (Figure 6.1 a ,b,d , respectively; Appendix 6.2). The 

d ifferences i n  G MA, G LA and DOMA arose because of differences in composition of 

herbage from the three swards, and despite the similarities in DMA and OMA (see Section 

5 .3.5.2; Table 5 .5). 

6.3.1 .2 Herbage i ntake 

A pp a rent  da i ly  i ntakes of h e rb a g e  d ry matter ,  ave raged across the  season s  of 

measurement ,  were similar for cows on the RG and HM swards (mean, 1 7.3 kg/cow dally) , 

whi le intake from LM swards was greater (P = 0.001 vs RG, P = 0.03 vs HM) (Table 6 . 1a) . 

Daily herbage intake as a percentage of liveweight followed a pattem similar to that for OM 

intake (Table 6 . 1 a). There were no significant (P  > 0.05) season or season x sward type 

effects on apparent herbage intake (Appendices 6 . 1 a & c and 6.2). 

6.3. 1 .3 Composition and metabolizable energy concentration of the diets 

The calculated mean compositions of the diets and the corresponding estimates of ME 

concentrat ions a re presented in  in  Tables 6 . 1 b and 6 . 1 c ,  respectively. The values 
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presented were not analysed statistically. Nevertheless, these values provide an indication 

of the diets likely to have been consumed by the cows grazing on each of the three sward 

types , and their estimated ME concentrations. 

The diet consumed from the RG swards contained, generally, a greater proportion of green 

leaf and smaller proportions of stem and dead matter, and the concentration of ME tended 

to be higher than that of diets from the LM and HM sward types. The diets consumed from 

the LM and HM treatments showed only small differences in the proportions of the dietary 

components. Diets from the RG, LM and HM treatments contained, respectively, green leaf, 

83 ,  6 1  and 5 8 % ;  green ste m ,  1 5 , 30 and 3 1  % ;  and dead matter, 2 ,  9 and 1 1  % ;  

corresponding values for M E  concentration were 1 1 .2 ,  1 0.7 and 1 0.4 MJ  ME/kg OM. 

6.3.2 Animal production 

The main points regarding animal production are highlighted in the following brief summary, 

in order to assist the reader to progress through the data and the d ifferences between 

treatments: 

Mi lk  yield 

(kg/cow daily) 

Milk yield fat 

(kg/cow daily) 

RG > LM > H M, averaged across periods. 

RG > HM; LM not different from either RG or 

HM in early spring Yr 1 .  

RG = LM > H M  in autumn Yr 1 ,  early and 

late spring Yr 2.  

RG > LM > HM in summer Yr 1 and 2. 

RG = LM = H M  in late spring Yr 1 and 

autumn Yr 2. 

RG = LM > HM, averaged across periods. 

RG = LM > HM in early spring and autumn 

Yr 1 ,  and late spring Yr 2 .  



Milk protein 

(kg/cow daily) 

Lactose yield 

(kg/cow daily) 
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RG == LM = H M  in early spring and a utumn 

Yr 2. 

RG ::: H M  < LM in late spring Yr 1 .  

RG > LM > H M  in summer Y r  1 and 2.  

RG > LM > H M ,  averaged across periods. 

RG == LM > HM in early spring Yr 1 ,  and late 

spring and autumn Yr 2. 

RG > H M ,  LM not different from either RG or 

H M  in late spring Yr  1 and early spring Yr 2. 

RG > LM > H M  in summer Yr 1 and 2 and 

autumn Yr 1 .  

RG > LM > HM, averaged across periods. 

RG = LM > HM in early spring and a utumn 

Yr 1 ,  and late spring and summer Yr 2. 

R G  ::: LM = H M  in l a t e  s pring Yr  1 and 

autumn Yr 2.  

RG > LM > H M  in summer Yr 1 .  

RG > H M ,  LM not different from either  RG or 

HM in early spring Yr 2 .  



% milkfat 

% milk protein 

% lactose 

LW change (kg/cow 

per day) 

Condition score 

change 
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RG = LM = HM, averaged across periods. 

RG = LM = HM except in summer Y r 2 when 

RG > HM,  LM not different from either RG or 

HM. 

RG = LM > HM. averaged across periods. 

RG = LM = HM in late spring Yr 1 and 2 .  

summer Yr 1 ,  and early spring and autumn 

Yr 2. 

RG = LM > HM in early spring Yr 1 . 

RG > LM, HM not different from either RG or 

LM in autumn Yr 1 .  

RG > HM.  LM not different from either RG or 

HM in summer Yr 2 .  

RG := LM = HM. averaged across periods. 

RG :::: LM = HM. averaged across periods. 

RG > HM.  LM not different from either RG or 

HM.  averaged across periods. 
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6.3.2.1 Mi lk production and composition within experimental periods 

Mi lk yieJd 

Mean daily yields of milk, milkfat, milk prot ein and lactose of cows on each of the three 

swards for each period of measurement,  a nd the  effects of time ( in weeks) on the 

t reatments on these yields within each trial period are presented in Tab les 6.2, 6 .3, 6.4 and 

6.5,  respectively. Milk production trends, when compared across seasons are il lustrated in 

Figure 6.2. ;  milk production averaged across experimental periods is shown in Table 6.7a. 

S ward type exerted significant effects on the dai ly yields of mi lk in six of the eight 

experimental seasons (Table 6.2). The LM group produced 5 to 8% less milk (P < 0.05) 

during summer (both years) than the RG group; at other times daily milk yields did not differ 

s ign ificantly between t he two t reatment groups. During six of the e ight experimenta l 

periods, milk yields of H M  cows were smaller than those of the RG and LM groups by 8 to 
1 9% and by 6 to 1 5%, respectively. However, in two of the eight trials (late spring of Year 

One and autumn of Year Two) , the differences in daily milk production between the three 
treatment g roups were not significant (P  > 0.05), even though yields from the HM group 
were again the smallest . The difference in milk yield between the HM group and the other 
groups was largest in late spring and summer. 

Time effects ,  du ring each experimental period, on the daily production of milk and milk 

solids, were tested by repeated measures analysis. This was to examine whether animal 

production response, within and between treatments,  was affected by time on the trial; 

whereby weekly yields of milk and milk solids were compared within and between sward 

types, as was described in Section 6.2.7. 

There were no significant time effects, within each experimental period, on the m ilk yield 

response of the  cows g razing on the three swards types. Treat ment-g roup x t ime 

interactions were inconsistent between years (Table 6.2) , which made further examination 

of their nature not worthwhile. Similarly, within treatment yields of milkfat, milk protein and 

lactose (Tables 6.3, 6.4, 6.5, respectively) did not vary significantly between weeks during 

the course of each trial; and the treatment x time interactions were generally not significant 

within each measurement period . 

Milkfat yield 

As for milk yield, daily yields of milkfat were significantly affected by sward type in all the 
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experimental seasons, except during early spring and autumn of Year Two when yields for 

the three treatment groups were similar (Table 6.3). While the RG and LM groups produced 

similar milkfat yields in early spring, summer and autumn of Year One, yields for the LM 

g roup were significantly greater (P < 0 .05) than those for the RG group in late spring (both 

years), whereas in the summer of Year Two the reverse was observed. Milkfat yields for the 

H M  group were consistently smaller than those of the RG and LM treatments (by 6 to 2 1 %). 

and the differences between means were significant during six of the eight grazing trials 

(Table 6.3) . Once again, the magnitude of the difference in milkfat yield between the HM 

group and the remaining treatment groups was largest during the summer in both years. 

Milk protein and lactose yields 

Daily yields of milk protein for the HM group were consistently smaller than those of the RG 

g roup (by 5-2 1 %) and the LM g roup (by 5-1 5%), and these differences were generally 

sign ificant (Table 6.4). The RG and LM groups produced similar yields of milk protein in 

early and late spring (both years), but during the summer and autumn, protein yields for the 

LM group were approximately 6% smaller (Table 6.4). 

Daily yields of lactose did not differ significantly between the three treatment groups during 

the late spring of Year One and the autumn of Year Two; at all other times yields by cows 

grazing on the HM swards were significantly smaller than those of the RG and LM groups 

(Table 6.5) . Yields of lactose for the RG and LM groups were generally similar throughout 

the study. 

Milk composition 

Sward type had no significant effect (P> 0.05) on e ither percent milkfat or milk protein in 

most periods of measurement, however, % milk protein tended to be smaller on HM swards 

(Tables 6.6 a ,b) .  The percentages, in  the milk, of both mi lk fat and protein generally 

increased with advancing stage of lactation (Tables 6.6a & b). 

6.3.2.2 Milk production and composition averaged across measurement periods 

The effects of s ward type on dai ly y ie lds of mi lk  and m i l k  components and on milk 

composition, averaged across the experimental periods, are presented in Table 6.7a. 
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Milk production 

When compared to the RG group, mean values for daily milk yields were smaller for the LM 

and HM treatments by 3% (P < 0.01 ) and 1 1  % (P < 0.001 ),  respectively; while milk yield for 

the LM group was 9% greater (P <: 0 .001 ) than that of the HM group. Milkfat yields for the 
RG and LM treatments did not differ significantly (P > 0.05), whereas milkfat yield for the 

HM group was 1 2% smaller (P < 0.001 ) in comparison to the remaining treatments. Daify 

yields of milk protein for the RG treatment were 3% (p < 0.001 ) and 1 4% (P < 0.001 ) 

greater than yields for the LM and H M  groups, respectively. Similarly, lactose yield for the 

RG group was 2% (P <: 0.01 ) and 1 1 % (P < 0.001 ) greater than yields for the LM and HM 

treatments, respectively. The differences between the LM and HM treatment means for 

yields of milk protein and lactose were 1 1  and 9% (P < 0.001 ) ,  respectively, in favour of the 

LM treatment. 

When the data for daily yields of milk and milk solids were compared across the seasons of 
measurement (Figure 6.2,  Appendix 6.3) , sign ificant season x sward type effects caused 

only s l ig ht changes i n  the pattern of mi lk  yield responses between seasons as was 

described i n  Section 6 .3 .2 . 1 . Whereas mi lk  yields for RG and LM groups d iffered 

significantly only during summer (both years) in  the seasonal analyses of variance (Table 

6.2),  milk yield for the LM group in the pooled analysis was significantly smaller in the early 

spring and summer of Year One, and values for the RG and LM groups remained similar for 

the remaining seasons (Figure 6 .2a) . The cows on the HM swards produced significantly 

less milk than those on RG or LM swards during six of the eight periods of measurement 

(Figure 6.2a), as was observed from the within period analyses (Table 6.2). M ilk yields from 

the three sward types were similar during the late spring of Year One for both within- and 

across-period analyses. They were also similar in the autumn of Year Two for the within

period analysis, but those from HM and LM swards for the same period, tended to be 

smaller than those from RG swards for the combined analysis (Figure 6.2a) . 

When the data for milkfat yields from each experimental period were compared in a pooled 

analysis of variance, t here were considerable changes in the response patterns of the 

treatment groups for milkfat yield (Figure 6.2b) in comparison to those shown in Table 6.3 

(Section 6.3.2 . 1 ) . Milkfat yields for the RG and LM treatments, when compared both within 

and across periods, were similar during five of the eight seasons of measurement. In the 

latter, analysis differences in milkfat yields between these two groups of cows (RG and LM) 

occurred only in the late spring (RG < LM) and summer (RG > LM) of Year One (Figure 

6 .2b) , while i n  the former analysis the differences occurred in the late spring of both years 
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(lM > RG) and in the summer of Year Two (RG > LM) (Table 6.3). Milkfat yields from HM 

swards were the smallest in  both analyses during a l l  periods of measurement, except i n  the 

autumn of Year Two when yields from the three swards were similar. 

The effects of season and sward type on the daily yields of milk protein are i l lustrated in 

Figure 6 .2c.  The presence of significant season x sward type interaction effects on the 

yields of milk protein did not alter the within- or between-season yield response patterns of 

the three treatment groups presented in Section 6.3.2.1 and in Table 6.4. I n  general, yields 

of mi lk protein for the R G  and LM treatments were simi lar  in early and late spring (both 

years), but yields were smaller for the LM treatment during summer and, to a lesser degree, 

duri ng autumn. Again,  daily yields of mi lk protein for the HM group were generally the 

smallest. 

Simi la rly, daily yields of lactose by cows on the three sward types, fol lowed the same 

seasonal pattern (Figure 6.2d) as that presented for the within period data (Section 6.3.9. 1 ,  

Table 6.5). 

The influence of season on the daily yields of milk and milk constituents, averaged across 

a l l  three sward types, is demonstrated in Table 6.7b and Appendix 6.3. The simple effects 

of season on the yield of mi lk, mi lk protein and lactose were not significant (P > 0.05), 

although yields were general ly greater  in the early and late spring than in summer or  

autumn. Milkfat yields, however, were high in early and late spring but declined significantly 

in the summer-autumn period. 

Milk composition 

Sward type had no significant effect (P > 0.05) on milk composition for percent mi lkfat or 

lactose (Table 6 .7a; Appendix 6.3) .  Mean compositions, averaged across the experimental 

periods, were m i l kfat ,  4 . 5 %  and lactose, 4 .7%.  Percent mi lk protein ,  however, was 

s ignificantly smaller (P < 0 .0 1 ) for the HM treatment (3.5%) than either the R G  or HM 

values, which did not d iffer significantly (mean, 3.6%; Table 6.6c). There were no significant 

season x sward type effects on fat or protein percentages in the milk, but the effects of 

season on milk composition, averaged across the treatments, were significant (Table 6.7b; 

Appendix 6 .3). General ly, % mi lkfat was greater but % p rotein was smaller in the fate 

spring-summer period in comparison to early spring and autumn values. The confounded 

effects of season and stage of lactation on % mi lkfat and mi lk protein were presented in 

Section 6 .3 .2 . 1  (Tabl es 6 .6a,b) ,  whereby the concentrations of both mi lk components 
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generally increased with advancing stage of lactation. 

6.3.2.3 Liveweight and condition score 

The initial unfasted mean liveweights and body condition scores of cows grazing each of the 

three experimental swards, and changes in these parameters, averaged over the entire 

experimental period, are presented in Table 6.7a. The mean initial liveweight of the cows 

was 459 ± 51  kg/cow, while the initial mean body condition score was 4.6 ± 0.7. Sward type 

had no sign ificant effect o n  e ither the mean change or rate of change i n  I iveweight of 

individual cows averaged across the periods of measurement, and the actual change in 

liveweight was negligible (mean, + 1 .0 kg/cow over 1 5  ± 3 days or +1 1 2  g/cow per day). 

However, there was a significant difference between RG and HM cows in the mean change 

in body condition (+ 0.1  for RG and - 0 . 1  for HM cows), that of the LM cows did not differ 

significantly from the remaining groups. 

There were no significant season or season x sward type effects on the change in liveweight 

of the cows, while significant season effects but not season x sward type interactions were 

observed on the change in condition score (Table 6.8; Appendix 6.4). The cows generally 

experienced a larger n egative change in liveweight and body condition during summer 

compared to the other periods, and th is corresponded to the period of lowest herbage 

quality (see Section 5 .3.6 . 1 ) .  

6.4 DISCUSSION 

6.4.1 .  Pasture allowance and intake 

6 .4.1 .1 Pasture allowance 

The output of milk from pasture depends upon the combined effects of the quality and 

q uantity of pasture g rown, and the efficiencies with which the pasture is harvested and 

converted into milk by the g razing cow. I n  th is respect, herbage al lowance (HA) is an 

important determinant of the intake and performance of grazing dairy cows (Le Ou et aI . ,  

1 979; Stockdale, 1 985b; Stakelum and Dillon,  1 991 ; see also Sections 2.4.3.4 and 2.4.4.2) . 

I n  t he present study, the choice of the target daily HA (50 kg OM/cow or 1 1  kg OM/1 00 kg 

liveweight) was intended to facilitate maximal @Q libitum) herbage intake by the cows. The 

objective was to provide an environment unconstrained by herbage availability under which 
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t h e  feed ing  value,  for m i l k  p roduction , of Matua  p ra ir ie  g rass pastures  d iffer ing in  
composition would be evaluated, and compared with that of conventional perennial ryegrass 
pasture. 

Total herbage allowance 

The actual daily herbage allowances given to the cows grazing on the three sward types 

(RG, LM and HM),  averaged across the treatment periods, were similar (average 50.2 kg 
OM/cow; Table 6 . 1a) .  This similarity, and the high absolute value of the herbage allowance 

given to the cows suggests that the  dry matter i ntakes (OM ls) (1 7 to 1 9  kg O M/cow) 

measured in the present study (Table 6 .1  a) were close to maximal. Previous studies have 

s hown that the  OM I  of lactat ing da i ry cows grazing  on temperate swards is usually 
maximised when herbage al lowance is 2 .5 to 4 t imes intake (Combellas and Hodgson, 

1 979; Bryant, 1 980; G lassey � aI. ,  1 980; Stockdale, 1 985a) . For example. Glassey et al. 

(1 980) and Bryant (1 980) observed early lactation (early spring) OMls of 1 6 .3 and 1 3 .3kg 

OM/cow (4.8  and 3.6kg OM/1 00kg liveweight), respectively, at a daily HA of approximately 

53 kg OM/cow (1 6 and 1 4kg OM/1 00kg liveweight respectively) . These OMls were close to 

the maximum, since intakes increased very little above herbage al lowances of 33-40 kg 
OM/cow (1 0-1 1 kg OM/1 00kg liveweight ;  Figure 2 .7a) . 

Actual herbage allowances varied between 43.3 and 53.9kg OM/cow throughout the study, 
probably because of the errors associated with the preliminary estimation of herbage mass 

when daily grazing areas were a llocated (Appendix 6 . 1  b) , but it is unlikely that the small 

differences in HA affected the results for intake (Appendix 6.1 a & c) or milk production .  

G reen matter a llowa nce a nd green leaf allowance 

The daily allowances of green matter (GMA) and g reen leaf (GLA), averaged across the 

experimental periods, did differ between treatments. They were smaller for cows grazing on 

the HM than on the RG swards (Table 6 .1  a) . Corresponding a llowances for the LM swards 

were intermediate, a nd showed considerable seasonal variation (Figure 6 . 1 ; Appendix 

6 . 1  a) . The dai ly GMA and GLA for the LM swards (means 35.8 and 1 9 . 1  kg OM/cow 

respectively) were, respectively, 8 and 25% smaller than those for the RG swards; and were 

1 9  and 37% greater than those for the HM swards. The greater allowances of GMA and 

G LA for the RG swards occurred because the RG swards contained greater concentrations 

of g reen leaf (by 1 2-1 8 percent units) , and smaller concentrations of stem and dead matter 

(by 6 and 5-1 3 percent units respectively) than both the Matua sward types. Both the Matua 
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swards had simi lar concentrations of stem, b ut the HM swards contained a greater 

concentration of dead matter, by 8 percent units, while the concentration of green leaf for 

the LM swards was greater by 6 percent units (Chapter 5 ,  Table 5.5). These differences in 

the component compositions of the swards were generally consistent during the study 

period (Chapter 5, Figure 5 .3) . 

For a l l  the three sward types G MA declined during the summer and autumn, while GLA 

decreased during the late spring/summer period (Appendix 6 .2); however, the magnitude of 

d ecline for these parameters was greater for the Matua swards, with that of HM being 

greater than LM. These trends reflected the greater rates of stem accumulation during the 

late spring/summer period (smaller GLA) and of dead matter accumulation (smaller GMA) 

during the summer/autumn period (Korte et aI, 1 984; L'Huillier, 1 987b; Hoogendoorn et a! . ,  

1 988);  and the g reater rates of stem and dead matter accumulation in the HM than LM 

swards (Xia, 1 991 ) ,  and of Matua prairie grass than ryegrass (Hume, 1 991 c,d). 

Results from previous studies show that at a common, generous HA the DMls of grazing 

dairy cattle were increased by higher green matter or green leaf al lowances; conversely 

D M ls were similar when a common GLA was offered from swards of differing mass and 

composition (Hoogendoorn et aI . ,  1 988; Stakelum and Dillon ,  1 99 1 ). The possible reasons 

for the observed differences in OM! between the sward types in the present study are 

discussed in Section 6 .4. 1 .2. 

Digestible organic matter a llowance 

I n  view of the large differences in the morphological compositions of the three sward types, 

it was interesting that the DOMA allowances for the RG and LM sward types (means 33.2 

and 31 .8 kg/cow respectively, P > 0.05) were similar. This was true during six of the eight 

trials, with very little seasonal variation (Figure 6.1 ) . except during the summer (both years) 

when the DOMA was smal ler for the LM swards. The possib le explanation for these 

observat ions wi l l  fo l low short ly .  The summer period coincided with the  g reatest 

concentration of dead matter in the Matua swards (Chapter 5), but DMls from these swards 

were highest during the summer period (Table 6 . 1a) ,  which was unexpected (see Section 

6.4. 1 .2 for a possible explanation). 

Furthermore, it would have been expected that the greater concentrations of stem and dead 

matter of the Matua swards in comparison to the RG swards would generate smaller 

D O MAs from t he former than the latter  swards. The very small differences actua lly 

observed in the OMD of green leaf and stem between the RG and LM swards (Chapter 5,  
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Table 5 .9) ,  and the smaller proportion of  dead matter in the LM than HM swards, may 

account for the similarity of OOMA between the RG and LM swards; and despite the large 

difference (1 ton OMlha) in pregrazing herbage mass between the two sward types. 

However, the OMI for the LM swards (1 8.6 kg OMlcow or 1 6.8 kg OM/cow) measured in the 

present study was greater than the OMls for the remaining sward types, which were similar 

( 1 7.3 kg OM/cow or 1 6  kg OM/cow). The greater or similar OMls for the Matua swards (lM 

& H M) when compared to the RG swards, were unexpected (probable explanation in 

Section 6.4.1 .2) . 

6.4.1 .2 Herbage intake, diet composition and metabolisable energy i ntake. 

limitations of estimating herbage i ntake at pasture 

Apparent herbage dry matter intakes (OMls) were estimated by the difference technique, 

with the assumption that the difference between herbage mass before and after grazing, i.e. 

herbage disappearing during the grazing process, had been consumed by the animals 

(Meijs, 1 981 ; Leaver, 1 982). The l imitations of this technique for estimation of OMls of 

grazing animals have been extensively reviewed (ibid), while those of estimating pasture 

mass were reviewed by t'Mannetje (1 978) and Frame (1 981) .  One partiCUlar problem is the 

high standard errors associated with the method, even when the pre- and post- grazing cuts 

are made daily, during the course of a grazing trial (Hoogendoorn, 1 986) . The problem of 

high standard errors surrounding the OMI means is compounded by the very high herbage 

masses observed for p ra irie grass in the present investigation (up to 7 t OM/ha) . High 

herba g e  masses are associated with considerable herbage t ramp l ing {Alexander, 

1 985) ,which may cause an under-estimation of residual herbage mass, thus an  over

estimation of OMI .  I n  view of these limitations, the values for OMI and MEl (metabolisable 

energy intake) reported in the present investigation should be taken with caution,  as they 

are probably slightly over-estimated. 

The composition of the diets eaten by the cows were calculated from the masses of each 

he�bage component (green l eaf, stem and dead matter) contained in the pre- and post

grazing herbage,  the difference in each being assumed to constitute a corresponding 

proportion of the total diet .  The potential cumulat ive errors associated with such an 

approach to diet estimation are obvious. The use of oesophageal fistulae to estimate diet 

composition was impracticable under the conditions of the present study. 

Dry matter intake 
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Averaged across periods, the apparent OMI for the lM cows (Table 6. 1 a) was 8% greater 

than that of the RG and HM groups which registered similar intakes (mean 1 7.3 kg OM/cow 

per day). The OMls of the three cow groups did not vary significantly between seasons 

(Appendix 6 . 1  a) . The i ntake values measured corresponded to 3 .8 ,  4 . 1  and 3 .8  kg 

O M/l 00kg liveweight for the RG,  lM and HM treatments, respectively, levels which are 

similar to intakes of 3.7 to 4.5kg OM/l 00kg liveweight reported by Glassey et aI . ,  (1 980) and 

Bryant and Trigg (1 982) for lactating dairy cows given high pasture allowances. 

A number of previous studies have demonstrated differences in the OMls and milk yields by 

cows grazing perennial ryegrass dominant swards differing in pre-grazing herbage mass or 

h eight,  and hence pastu re composition ,  at common, but generous, herbage allowances 

(Combellas and Hodgson ,  1 979; le Ou et aI . ,  1 979; Stakelum and Dillon, 1 991 ; Holmes et 

a I . ,  1 992; Hoogendoorn et a I . ,  1 992) . It is therefore , somewhat surprising that, in the 

present study, intakes from the three swards were generally high despite large differences 

between swards in: 

- pre- and post-grazing herbage masses 

- pre- and post-grazing sward height 

- and in sward bulk densities 

Cows grazing on high mass ryegrass/cJover swards in previous studies had lower yields of 

milkfat than those on low mass swards; the corresponding difference in OMI was apparent 

only at a high HA and not at a low HA (Hoogendoorn et aI . ,  1 988; 1 992). 

I n  Matua prairie grass swards, there was very little green leaf below 6cm sward height 

(Chapter 5, Figure 5.5). l'Huillier et al. (1 986) made a similar observation. In the present 

study, the concentration of green leaf in the 0-6 cm sward horizon ranged from 2-1 6% of the 

OM for both the Matua swards (lM and HM) compared to 1 7-26% for the ryegrass swards 

(Figure 5.5, Appendix 5 . 1 5a) . Compared with the ryegrass swards, a greater proportion of 

the Matua leaf was distributed in the upper sward horizons. This trend in the distribution of 
I 

green leaf and the erect nature of prairie grass may have contributed to the relatively high 

OMls from both the Matua sward types (l'Huillier � aI. , 1 986). 
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Diet composition 

Compared with the diet of cows receiving the RG treatment, the average diets of the cows 

grazing the LM or HM swards contained twice the percentage of stem (31 vs 1 5%) , and four 

times that of dead matter (9 .0 vs 2.4%), while the percentage of green leaf was smaller by 

22-25 units (means 83%,  RG;  61 %, LM; 58%, HM; Table 6 . 1 b) .  These differences in the 

component composition of the diets of the cows grazing on the three sward types account 

for the general trend in the MID values of the diets consumed (Table 6. l c) .  For the three 

t reat ments, the  diets of the  cows contained greater  p roportions of leaf and smaller 

proportions of stem and dead matter than those of the herbage on offer. This agrees with 

previous reports that grazing animals given a generous HA will ingest a diet that contains 

greater proportions of green matter and smaller proportions of dead herbage, and is 3-1 0% 

higher in digestibility than the average of that on offer (Hodgson and Jamieson,  1 981 , 

L'H uillier et aI . ,  1 986; Michell and Fulkerson, 1 987). 

Metabol isable energy intake 

The concentrations of M E  in the herbage consumed by the cows were estimated from the 

DOMD values of the individual components of leaf, stem and dead matter of the herbage on 

offer (Chapter 5 ;  Tables 5 . 1 3, 5. 1 4, 5. 1 6) ,  the sum of the products of the component MEs 

and the proportions of the components in the diet (Table 6. 1 b) .  However, it is realized that 

using the ME concentrations of individual herbage components sampled to ground level to 

derive the ME concentration of the diet, will tend to bias the latter values downwards. In this 

respect, using the  M E  values of herbage from the grazed sward horizons might have 

improved the accuracy of the dietary ME predictions. In the present study, the contributions 

of the various sward strata (horizons) to the total herbage mass, and to the diets consumed 

were not assessed, thus el iminating the use of the ME concentration of the h erbage 

components disappearing from the grazed sward horizons to estimate dietary ME. 

The estimated ME concentrations of the cows' diets (MJ ME/kg DM), averaged across all 

the eight grazing trials, were 1 1 .2,  RG; 1 0.7, LM; and 1 0.4, HM (Table 6.1 c) . These dietary 

ME values were higher than those of the herbage on offer by 0.3 - 0.5 MJ/kg DM (Chapter 

5, Table 5 .9). Within t�e limitations of estimating herbage intake from pasture and the ME 

concentration of the diet, the estimated daily MEl ,  averaged across periods, were 1 90, 1 99 

and 1 83 MJ M Elkg DM for RG,  LM and HM cows, respectively (Table 6. 1 c) .  These M Els 

were greater by 34-41 MJ M Elkg DM, than the daily ME requirements calculated according 

to MAFF ( 1 975) , and were 39-52 MJ M E/kg DM greater than the requirements according to 

Holmes and Wilson (1 984) for cows grazing on temperate pastures (Appendix 6.5a & b) . 
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The d ifferences between the M E  requirements and the apparent ME intakes by the cows 

suggest that the I iveweights of the cows and maintenance requ irements were under
estimated , or t hat apparent OMls were over-estimated. Most probably the OMls were 

slightly over-estimated because of the trampling of herbage which was greater in the LM 

and HM than RG swards. 

When other factors are h eld constant, g razing animals will increase their OMI in response to 

the deficit between energy demand and supply (Weston ,  1 985; Gherardi and Black, 1 989) . 

I n  the present study, the LM cows appear to have increased their OMI through the energy 

deficit mecha nism, and th is was probably fac i l itated by a more favourable LM sward 

structure compared to that of the H M  swards (Figure5 .5d) . I n  which case, either the 

preferred green component of the LM swards was more accessible in the grazed horizons, 

or because the grazed horizons contained more digestible herbage (Appendix5. 1 5b) , and 

contained less dead matter than the HM swards (Rgure 5.5d ;  Appendix 5 . 1 5a). 

There is very l ittle information in the l iterature showing  the potential OMls and MEls of 

lactating dairy cows grazing on Matua pastures differing in composition with which to 

compare the intakes measured in the current study. Data on the comparative feeding 

values for milk production of prairie grass and perennial ryegrass pastures , at a common or 

differing herbage allowances are also scarce (see Section 6.4.2) . 

6.4.2 Animal performance 

6.4.2.1 Milk production and composition 

Milk and milk solids yield 

Despite genera lly greater apparent OM Is off the LM treatment, there were no significant 

differences i n  daily milk yields of cows receiving the RG or LM treatments during all the 

experimental periods, except in the summer (both years) when milk yields were significantly 

smaller (by 7%) on the L M  than the RG treatment (Table 6 .2) . Cows receiving the HM 

tre�tment produced 8-1 9% and 6-1 5% less milk than the RG and LM cows, respectively, i n  

six of the eight trials. M ilk yields for the  three treatments were similar in late spring of Year 

One and autumn of Year Two (Table 6.2) . Averaged across periods, the LM and H M  cows 

p roduced 3% and 1 1  % less mi lk,  respectively, than the RG cows. These differences in 

yields were significant, and occurred despite the greater apparent OMls of the LM cows, or 

similar OMI  of the HM cows relative to that of the RG cows (Table 6. 1 a) Averaged across 

periods, milk yields were 1 7.9 ,  RG; 1 7.4, LM; and 1 5 .9, HM (Table 6.6c) . 
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The mean values for milk production for al l  the three sward types were lower than could be 

theoretically supported by the MEls achieved (Appendix 6.5a & b). The probable reasons 
for this apparent contradiction were discussed in the previous section (Section 6.4.1 .2). The 

smaller milk yields of cows receiving the HM treatment relative to the RG treatment, despite 

the similar OMls, may be accounted for by the smaller probable concentration of M E  in the 
d iet of these anima ls, due  to the greater concentrations of stem, seed heads and dead 

matter of lower d igestibility in the herbage on offer and the diet (Tables 5 . 14  - 5 .1 6 and 

6. 1 b) .  

The mi lk  production data suggest that, at  a generous herbage allowance, the feeding value 

of the low mass prair ie g rass pastures was similar  to that of "conventional" perennial 

ryegrass pastures during al l  periods, other than summer when the LM group produced less 

milk and milk solids (Tables 6.2 - 6.5) . The HM cows produced smaller yields of milkfat (by 

5-2 1 %) than the RG and LM groups i n  all periods except early spring and autumn of Year 

Two when yields were similar  for the three treatment groups (Table 6.3) .  

Averaged across periods, the yields of milkfat, milk protein and lactose were approximately 

1 2% a nd 9% smaller on the HM than RG and LM treatments, respectively. The 3% 

difference in the yields of milkfat. protein and lactose between the LM and RG cows was not 

statistically significant for milkfat ( P >  0.05), but was significant for milk protein and lactose. 

(Table 6.7a). 

The cows receiving the LM treatment tended to produce more milkfat in late spring (P < 0.05 

Year One; P >  0.05 Year Two; Table 6.3 and Figure 6.2b) than the RG group, which may 

have compensated for the smaller summer yields of the LM group; such that the overall 

mi lkfat yields were s imi lar for the  RG and LM treatments. The LM and RG herbage 

contained s imi lar  proport ions of dead matter  during late spring, wh ich suggests that 

reproductive development of the swards during this period (Figure 5.2b,c and d) may have 

caused a greater reduction i n  milkfat production from the RG than the LM treatments, but 

this reduction was most apparent in Year One. Matua seedheads, unlike those of ryegrass, 

are consumed readily by the cows (Plate 6.1 ) ,  which, together with a greater proportion of 

stem of comparable digestibility in the d iet of the LM cows (Tables 5.1 4 & 6.1 b), may have 
promoted a rumen fermentation more conducive to milkfat synthesis for the LM than the RG 

t reatment during the late spring period (Sutton and Morant, 1 989) (Table 6.6a, also see 

discussion on milk composition). 

I n  t he current study. the concentrations of N and c lover of the HM herbage, averaged 
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across periods, were smaller than for the remaining sward types (Table 5.4 and 5.9) .  This 

may have contributed to the poor overall performance of the HM cows, by affecting the 

a mount of undegraded N reaching the duodenum (Rogers et a I . , 1 980; Thomas and 

Chamberlain, 1 990), despite the small (0.3-0.4% units) but significant d ifference in % N of 

the total herbage b etween the H M  a nd the remaini ng sward types (Table 5 .9) .  The 

degradabil ity of N of m ixed perennial  ryegrass pasture relative to Matua pra irie grass 

pastures differing i n  composition,  and its effects on mi lk production are unknown ,  and 

warrant further research. 

Wilson and Grace (1 978) reported, from a New Zealand study, similar milk and milkfat yields 

by identical twinmates of various breeds grazing on either 'pure' stands of Matua prairie 

grass or Westerwolds ryegrass (Lolium multiflorum Lam), or on mixed ryegrasslwhite clover 

pasture. The above experiment (ibid) was conducted in early spring, and the cows were fed 

to ensure ad l ibitum i ntake. However, the results of Wilson and Grace (1 978) are not 

exactly comparable to those of the current study, since the Matua pastures were 'pure' , and 

herbage masses or OMls were not reported. In another New Zealand study (Thom and 

Prestidge, 1 988) a small reduction (3%) in milkfat production per hectare and per cow was 

observed from 50:50 MatuaJperennial ryegrass swards grown with white clover relative to 

new or well established perennial ryegrasslwhite clover swards. The stocking rate of 3.9 

cows/ha (ibid) was h igh,  suggesting that the pastures were intensely grazed and of low 

mass. Again, .  milk production data from farmlet trials, such as that of Thom and Prestidge 

(1 988) may not be strictly comparable to results obtained from controlled component studies 

such as those ones being reported in the present thesis. Nevertheless, the results of 

Wilson and Grace (1 978) and Thom and Prestidge (1 988) generally agree with those of the 

present study, that, in the short term, there is very little actual difference in milk and milk 

solids production between generously fed cows grazing on 'conventional' (intensely grazed) 

perennial ryegrasslwhite clover, or low mass Matua prairie grass/white clover pastures. 

Summer milk production 

Brookes and Holmes, ( 1 986), using herbage masses similar to those of the present study, 

approximately 4 t OM/ha for perennial ryegrass pasture and 6t OMiha for Matua pastures, 

observed a 20% decline in milkfat yields by cows grazing on Matualwhite clover pastures in 

summer relative to those ones from perennial ryegrasslwhite clover swards. The smaller 

milkfat yields were observed at both low or high herbage al lowances (27 or 52 kg OM/cow 

daily), and despite greater apparent OMI (by approximately 9%) from the Matua swards at 

each herbage al lowance. The difference in milkfat production was attributed to the higher 

concentrations of stem and low clover content of the Matua pastures than in the ryegrass 
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pastures of smaller herbage mass. 

I n  the present study, summer milkfat yields were, on average, 22% and 8% smaller for the 

H M  a nd LM t reatments, respectively, compared to the RG treatment. Corresponding 

reductions in  summer mi lk  or  milk protein yields were 20% and 7%. The reduction in 

summer milkfat production by the HM cows relative to RG cows agrees closely with that 

reported by B rookes and Holmes (1 986). Furthermore, the differences in summer milk, 

m ilkfat and milk protein yield between the RG, LM and HM treatments were generally similar 

to the differences which would have been expected if all three sward types had been low, 

medium and high mass perennial ryegrass swards of, respectively, high, moderate and low 

digestibi lity, or green herbage availabil ity (Thomson et aI . ,  1 984; Michell and Fulkerson, 

1 987; Stakelum and Dil lon, 1 99 1 ;  Holmes et a! . ,  1 992; Hoogendoorn et aI . ,  1 992). 

Milk composition 

Averaged across periods, there were no significant treatment effects on milk composition for 

% milkfat (mean 4.5%) and lactose (mean 4.7%); % milk protein was significantly smaller for 

the HM treatment (mean 3.5%) than the remaining sward types (mean 3.6%) (Tables 6.6a & 
b, 6.&, Appendix 6.3). Sward type x period effects were not significant for % milkfat or % 

protein. The similarity of % milkfat and lactose, and the small actual difference for % milk 

protein between the HM swards and the remaining sward types, agree with previous reports 

that for pasture fed cows, mi lk composition is generally not influenced significantly by level 

o r  quality of n utrition .  This is true over a wide range of stocking rates, or variations in 

grazing management (L'Huil l ier, 1 987c, 1 988; Thomson, 1 988; Sutton and Morant, 1 989; 

Stakelum and D illon, 1 991 ; Kolver and Bryant, 1 992). 

However, it would be expected that the greater concentrations of fiber in the total herbage 

and diet from both the Matua sward types relative to ryegrass swards (Tables 5.9 and 6 . 1b), 

wou ld result in g reater  concentrations of m i lkfat for cows receiving the LM a nd H M  

treatments (Sutton and Morant, 1 989). Percent milkfat during the late spring period showed 

a greater, but non-significant, increase for the LM but not for the HM cows relative to that of 

RG cows (Table 6 .6a). It is p robable that, despite the high tiber content, the high soluble 

carbohydrate content of prairie grass relative to ryegrass (Wilson and Grace, 1 978; Anon; 

1 982; Hume, 1 990b) may have a di luting effect on the acetate:propionate ratio. In which 

case, milkfat synthesis may not be enhanced by feeding prairie grass pastures. More work 

is required on the comparative patterns of ruminal volatile fatty acid production of perennial 

ryegrass and prairie grass dominant pastures, and their role in milkfat synthesis. 
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6.4.2.2 Liveweight and condition score 

There were no significant effects of sward type on the l iveweight change or on the rate of 

liveweight change within and across experimental periods (Tables 6.7a and 6.8) .  These 

results were not surprising in view of the short duration of each period of measurement « 3 

weeks) . This may have made small changes i n  the l iveweight of the cows, because of 

d ifferences in herbage composition ,  d ifficult to detect due to variations in  gut fil l ,  and despite 
weights being taken on two consecutive days (Hoogendoorn, 1 986). Furthermore, the 

coefficients of variation for the liveweight parameters were very large ( > 1 00%). For all the 

treatments, the rate of liveweight change of the cows was negative during both summers 

(Table 6 .8) ,  which was probably a reflection of the poor quality of the herbage  during these 

periods (Figure 5 .8) .  Sward type x period interactions were not sign ificant for rate of 

liveweight change in the present study. but other workers (Cosgrove and Brougham, 1 988) 
have reported poor summer l iveweight performance by young bulls grazing on Matua 

dominant pastures relative to perennial ryegrass dominant swards. 

Averaged across periods, the H M  cows showed a slight ,  but significant, decline in body 

condition score relative to RG but not to LM cows (Table 6.7a) . The overall smaller yields 

by the H M  cows of mi lk and mi lk solids , and the loss of body condition relative to the 

remaining groups for cows, reinforces the suggestion that the intake of digestible nutrients 

by cows receiving the HM treatment was smaller (see Table 6. 1 c) .  This may have been 

caused by d ifferences in the composition of the herbage on offer, and in the nutritive value 

of herbage consumed, since the actual d ifference in the apparent DMls of the three cow 

g roups was small. 

6.4.3 I mpl ications of results to dairy farming 

For cows at pasture, high herbage allowances, l ike those provided in the present study, are 

associated with high post-grazing herbage masses, although the long term consequences of 

such management on farm productivity may be difficu lt to predict (Bryant, 1 980a; G lassey et 

a I . ,  1 980; Stockdale and King, 1 980; Stakelum and D illon , 1 991 ; Hoogendoorn et aI . ,  1 992) . 

However, the results of the e ight grazing  trials in the current study were consistent with 

t hose of other workers (Miche l l  and Fulkerson , 1 987;  Stake l um and D i l lon , 1 99 1 ; 

Hoogendoom et aI . , 1 992) in showing that the changes in herbage composition associated 

with increases in herbage mass decreased herbage feeding value and animal performance 

in the short term, despite a high HA and selection opportunity. However, these effects were 

most evident for the H M  sward type, and may have been accentuated by the very high 

residual herbage masses recorded for this treatment (Chapter 5; see also Section 2.4.4.4). 
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I n  the present study, milk and milk fat yields were generally similar from the low mass prairie 

grass and the perennial ryegrass swards, even though the prairie grass swards had a higher 

pregrazing herbage mass (4.2 vs 3.2 t OMlha). This suggests that it may be possible, in the 

short term, to maintain  the feeding value of prairie grass pastures up to higher herbage 

masses than can be achieved in ryegrass pastures. However, the relatively slow decline in 

the feeding value of low mass Matua pasture with increasing herbage mass, or the greater 

h erbage yields may not n ecessarily lead to increases in milk production per cow or per 

hectare. The need to control herbage growth in the late spring! early summer period, in 
order to maintain herbage quality during this and the subsequent summer period may result 

i n  a large decl ine in p roduction per cow and per  hectare from Matua swards. This 

suggestion is supported by the results of the present study, and by those of Brookes and 

Holmes (1 986) which showed that, relative to ryegrass swards, summer milk production was 

smaller from Matua swards, and showed a sharp decline when HA fell below 35 kg OM/cow 

daily. Relative to the RG swards, the lowest horizon « 6 cm) in both the Matua swards 

contained smaller proportions of leaf and greater proportions of stem and dead matter, and 

the herbage was less digestible. The OMO of the herbage from this horizon, averaged 

across periods, was HM,  49%; LM, 55%; and RG 6 1 %  (Figure 5.5; Appendix 5 . 15a and b) . 

A similar difference between the digestibil ity of low mass Matua and ryegrass herbage 

shortly after g razing was reported by Savage et al. ( 1 985). and may explain the poor animal 

performance that is l ikely to result from restrictions in HA as often practiced on New Zealand 

dairy farms, for animals grazing on Matua pastures, thus forcing them to graze into the 

lower horizons containing little or no leaf. 

I n  addition, the grazing management strategies commonly used with perennial ryegrass 

dominant pastures to promote late spring/summer herbage quality , t i l ler density, and 

herbage accumulation (Korte et aI. , 1 984; Michell and Fulkerson, 1 987; L'Huill ier 1 987 a-c, 

1 988 ;  L 'Huil l ier and Bryant , 1 987 ;  Hoogendoorn et a / . ,  1 992) , may not be applicable to 

Matua prairie grass pastures. Recent reports indicated that perennation in Matua pastures 

was promoted by lax grazing or delaying g razing du ring the mid/late spring period until 

replacement tillers have emerged mainly from reproductive tillers, and then followed by hard 

grazing or topping (Black and Chu, 1 989; Matthew et a I. ,  in press; C. Black, pers. com.) . 

Such management may lead to large reductions in milk production ,  arising from the failure 

to control spring reproductive development of the swards, and/or large losses of herbage 
dry matter from topping. 

Clearly then, more work on the effects of herbage a l lowance, or intensity and timing of 

spri n g  g raz ing on  the feeding value for mi lk  production ,  h erbage accumulation and 

perennation of Matua prairie grass pastures is still necessary. 



6.4.4 Conclusions 

From the results of the current study, the fol/owing  conclusions can be made: 
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1 .  Yields of mi lk  and mi lk solids (milkfat , milk protein and lactose) , averaged across 

periods, were 1 1  a nd 1 2% smaller (p < 0.00 1 )  from the high mass Matua prairie 

grass pasture, and were, except milkfat, 3% smaller (P < 0.05) from low mass Matua 

pasture compared to perennial ryegrass pasture. Mean yields of milkfat for the low 

mass Matua and perennial ryegrass treatments were similar. D ifferences between 
low mass Matua and ryegrass swards in the yield of milk and milk solids were evident 

only during the summer period. 

2 .  I n  the summer, yields of  milk, milkfat, and milk protein were, respectively, 20,  22 and 

20% smaller (P < 0.001 ) from h igh mass Matua swards, and were 7 ,  8 and 7% 

smaller (P < 0.05) from low mass Matua swards compared with ryegrass swards. 

3.  M ilk composition was not significantly affected by sward type within and across 

periods for % milkfat and % lactose; % milk protein was significantly smaller for the 

high mass Matua swards than the remaining sward types for which % protein was 

similar. 

4. Averaged across periods, there were no s ign ificant sward type effects on the 

liveweight change or rate of liveweight change of the cows, and there was little actual 

change in live weig ht .  There was no difference between the low mass Matua and 

ryegrass treatments in the mean change in body condition score of the cows, but 

cows receiving the h igh mass Matua treatm ent showed a significant loss in body 

condition compared with the remaining treatment groups. 

5 .  Compared with perenn ia l  ryegrass swards ,  changes i n  herbage composition, 

part icularly those of dead matter, stem and seed heads, and in the digestibi lity of 

these (Chapter 5) associated with increases in  herbage mass, caused a significant 

decrease i n  the feeding value and animal production from the high mass Matua 

swards. This occured during all eight periods of measurement. The feeding value of 

low mass Matua pasture and anima l  production from these pastures were generally 

not affected by compositional changes of the herbage, except during the summer 

period. This suggests that it may be possible to maintain the feeding value of prairie 

grass pastures up to higher herbage masses than can be done in perennial ryegrass 
pastures. 
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6. I t  appears that spring grazing regimes developed for perennial ryegrass to promote 

tiller density and herbage accumulation, and to prevent a sharp decline in the feeding 

value and milk production during the summer period, may not necessarily apply to 

Matua prairie grass pastures. Further information about the factors which affect the 

successful perennation of Matua prairie grass is required before appropriate spring 

grazing regimes for prairie grass pastures can be recommended. 
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Table 6.1 a Mean values for daily allowance (kg OM/cow) of total herbage, green matter, 
g reen leaf, organic matter, and digestible organic matter (OOMO); and daily herbage intake 
(kg/cow) of cows grazing on the three sward types, averaged across all eight seasons of 
measurement. 

Herbage component 

Oaily herbage allowance 

Dry matter (kg/cow) 

Organic matter (kg/cow) 

G reen matter (kg OM/cow) 

G reen leaf (kg OM/cow) 

DOM (kg/cow) 

Daily herbage intake 

Dry matter (kg/cow) 
Apparent OMI as % LW1 

RG 

50.7 
45 .6 

38.8a 

25.4a 

33.2a 

1 7.0b 
3.8b 

Sward type 

LM HM S .E. 

50.0 49.9 0.38 

45. 1 45 .4 0.34 

35.8b 31 .6c 0.28 

1 9 . 1 b 1 6. 1 c 0. 1 6  

31 .8b 30.6c 0.24 

1 8.6a 1 7.6b 0.35 
4 . 1 a 3.8b 0.08 

a ,b,c Means within a row bearing different letters differ significantly at P < 0.05. 
1 M ean liveweights of the experimental cows on each treatment are shown in Table 6.7a. 

Sign. 

NS 

NS 
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Me2.n values (% dry weight) of the composition of the cows ' diet from 
e2.ch of the three sward types, averaged across a l l  eight measu rement 
periods :.  

Sward typ e  
D i e t  

c o m p o n e n t  R G  LM HM 

G r e e n  leaf (%) 82.8 6 1 . 4 58.3 
Green stem (%) 1 4. 8  29.9 3 1 . 1  
Dead matter (%) 2. 4 8.7 1 0. 5  
Total (%) 1 0 0 . 0  1 00 . 0  1 0 0 . 0  

1Composition of th e diet  c21cul2ted frCIIi m e2.surements o f  dry masses o f  Ind iviCl!cl 
herbage comp o n ents constitut i r. g  the r:: re- 2nd post grazing herbage, the differ�:lce  
in t h e  masses o r  t h E s e  components b e!r.g essumed to have been consum ed by ",'Ie 
cows. 

Ta b l e  6. 1 c r-e!culeted m et2.bolisecle er.ergy concentrations (MJ ME/kg OM) of �he 
cows ' diets,  and the dai ly intake of metabolisable energy (�lJ 
M E/cow), averaged ecross ell e i ght periods of meesurement. 

Sward typ e 
P arameter 

R G  L M  HM 

D i etary M E  (MJ M E/kg DM)1 1 1 .2 1 0.7 1 0 . 4  
Feed intake ( k g  O M/cow per day) 1 7.0 1 8.6 1 7.6 
D ai ly ME intake (MJ ME per cow) 1 90 1 99 1 8 3 

1ME concentration estimated from the di gestible organic matter in the dry metter 
(Section 3 . 4 . 7.6) of th e individual d iet components (Table 6. 1 b).  Sample calcu l ations 
of the daily M E  requirements ar.d intake of the cows are shown in Appendix 6.5a & b. 
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Table 6.2 Mean values for daily milk production (kg/cow) of cows grazing on each sward 
type during each experimental period (season). 

Sward type Sign. level 

Group 1 Time2 
Group 

Season RG LM HM S.E.  x Time 

1 987/88 

Early spring 22.9a 22.0ab 20.9b 0.41 .. NS * . .  

Late spring 1 8. 1  1 8.6 1 7.9 0.28 NS NS NS 
Summer 1 S.4a 1 4. 1 b 1 2.4c 0.34 * .. NS NS 

Autumn 1 3.2a 1 2 .Sa 1 1 .3b 0.29 *** NS 

1 988/89 

Early spring 22.6a , 22. 1 a 20.8b 0.39 * NS NS 
Late spring 2 1 .0a 20.9a 1 7.7b 0.34 .... NS NS 
Summer 1 6.Sa 1 5 .7b 1 3.Sc 0 .24 *** NS NS 

Autumn 1 1 .8 1 1 .S 1 0.8 0 .38 NS NS NS 

1 Treatment group. 
2 Time effects refer to differences in the yield response by cows between any two weeks within 
a treatment during each period of measurement. 
a,b,c Means within a row bearing d ifferent letters differ significantly at P < O.OS. 
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Table 6.3 Mean values for daily milkfat production (kg/cow) of cows grazing on each sward 
type during each experimental period (season) . 

Sward type Sign. level 

Group 
1 

Time
2 

Group 
Season RG LM HM S .E . x Time 

1987/88 

Early spring 0 .96a 0.93a 0 .8S
b 

0 .023 NS 

Late spring 0 .78b 
0.83a O.77b 

0.01 8 NS 

Summer 0 . 67a 0 .6 1a 0 .S2b 0 .022 NS 

Autumn 0.S8a O.SSa 0.49b 0 .0 12  NS NS 

1988/89 

Early spring 0 .96 0.95 0.90 0.029 NS NS NS 

Late spring 0 .9S
b 

0 .96a 0.81C 0.018 NS NS 

Summer 0 .7Sa 0.70
b 

0.S9c 0 .014 NS NS 

Autumn 0.S8 0.57 0.S4 0 .016 NS NS 

1 Treatment group. 
2 

Time effects refer to differences in the yield response by cows between any two weeks within 
a treatment during each period of measurement. 
a ,b ,c  Means within a row bearing different letters differ significantly at P < O.OS. 
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Table 6.4 Mean values for daily production of milk protein (kg/cow) of cows grazing on each 
sward type during each experimental period (season). 

Sward type Sign. level 

Group1 Time2 
Group 

Season RG LM HM S.E. x Time 

1 987/88 

Early spring O .83a 0.81 a O.72b 0.01 2 NS . . .  

Late spring 0.64a 0.64ab 0.61 b 0.009 + NS NS 

Summer O.SOa 0.46b 0.40c 0.01 2 NS 

Autumn 0.S2a 0.48b O.44c 0.01 1 NS 

1 988/89 

Early spring O.77a 0.76ab 0.71 b 0.01 8 + NS NS 

Late spring 0.78a 0.7Sa 0.64b 0.01 4 NS NS 

Summer 0.S6a 0.S3b O.4Sc 0.009 NS NS 

Autumn 0.47a 0.47a O.43b 0.01 S + NS NS 

1 Treatment group. 
2 Time effects refer to differences in the yield response by cows between any two weeks within 
a treatment during each period of measurement. 
a ,b ,c Means within a row bearing different letters differ significantly at P < O.OS. 
+ Not significant at P < O.OS but significant at P < 0.10.  
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Table 6.5 Mean values for daily production of lactose (kg/cow) of cows grazing on each 
sward type during each experimental period (season). 

Sward type Sign.  level 

Group 1 Time2 
Group 

Season RG LM HM S.E.  x Time 

1 987/88 

Early spring 1 . 1 1 a 1 .09a 1 .02b 0.01 9 .. NS 
Late spring 0.87 0.90 0.85 0.01 5 NS NS NS 
Summer 0.69a 0.63b 0.56c 0.01 7 . . .  NS NS 

Autumn 0.60a 0.56a 0.51 b 0.0 1 4  . . .  NS 

1 988/89 

Early spring 1 . 1 3a 1 .08ab 1 .04b 0.01 8 NS NS 
Late spring 1 .03a 1 .04a 0.88b 0.020 NS NS 
Summer 0.76a 0.73a 0.62b 0.01 2  . . .  NS NS 

Autumn 0.53 0.52 0.49 0.01 8 NS NS NS 

1 Treatment group. 
2 Time effects refer to differences in the yield response by cows between any two weeks within 
a treatment during each period of measurement. 
a ,b ,c Means within a row bearing d ifferent letters differ significantly at P < 0.05. 
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Table 6.6a Mean values for milk composition for each sward type during each experimental 
period (season): Percent milkfat. 

Sward type 

Season RG LM HM S.E. Sign. 

1 987/88 

Early spring 4. 1 8  4.24 4.1 2  0.075 NS 
Late spring 4.29 4.52 4.29 0.087 NS 

Summer 4.39 4.33 4. 1 8  0.1 04 NS 

Autumn 4.44 4.42 4.39 0.087 NS 

1 988/89 

Early spring 4.25 4.34 4.33 0.1 06 NS 

Late spring 4.57 4.60 4.61 0.096 NS 
Summer 4.57a 4.44ab 4.40b 0.056 + 

Autumn 5.02 4.99 5.08 0.078 NS 

a,b Means within a row bearing different letters differ significantly at P < 0.05. 
+ Not significant at P < 0.05 but sign ificant at P < 0.1 0. 

Table 6.6b Mean values for milk composition for each sward type during each experimental 
period (season): Percent milk protein. 

Sward type 

Season RG LM H M  S.E. 

1 987/88 

Early spring 3.62a 3.67a 3.51 b 0.036 

Late spring 3.54 3.44 3.44 0.040 

Summer 3.26 3.29 3.25 0.037 

Autumn 4.00a 3.87b 3.90ab 0.045 
\ 

1 988/89 

Early spring 3.36 3.48 3.41 0.067 

Late spring 3.73 3.62 3.60 0.046 

Summer 3.41 a 3.34ab 3.30b 0.031 

Autumn 4.06 4.1 1  3.98 0.047 

a,b,c Means within a row bearing different letters differ significantly at P < 0.05. 
+ Not significant at P < 0.05 but sign ificant at P < 0.1 0. 

Sign. 

NS 

NS 

+ 

NS 

NS 
* 

NS 
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Table 6.7a Mean values for daily m ilk production (kg/cow), milk composition, initial liveweight 
and l iveweight change (kg/cow) and in itial condition score and condition score change of cows 
on  the three sward types, averaged across al l  eight periods of measurement. 

Sward type 

RG LM HM S.E.  Sign. 

Mi lk  production 

Mi lk (kg/d) 1 7.9a 1 7.4b 1 5.9c 0.20 ,. ,. ,.  

Milkfat (kg/d) 0.79a 0.77a 0.69b 0.01 ,., . ,.  

Milk protein (kg/d) O.64a 0.62b 0.55c 0.008 ,. .. 

Lactose (kg/d) 0.84a 0.82b 0.75c 0.01 0 

M ilk  composition 

Fat (%) 4.46 4.48 4.42 0.033 NS 
Protein (%) 3.60a 3.57a 3.52b 0.01 7 
Lactose (%) 4.71 4.73 4.74 0.01 2 NS 

Liveweight (L W) 

Initial (kg/c�w) 1 457 ± 56 454 ± 54 465 ± 41 NA NA 
LW change (kg/cow)2 + 1 .8 + 1 .0 + 0.3 0.08 NS 

Rate of L W change 
(g/cow per day) 1 5 1  1 1 3 73 77 NS 

Condition score 

In itial (per cow) 1 4 .6 ± 0.75 4.6 ± 0.72 4.6 ± 0.62 NA NA 
Change (per cow)2 + 0.07a + 0.01 ab - 0.08b 0.037 

1 Values are means ± standard deviation .  
2 C hange in liveweight or condition score of cows averaged across eight experimental 

(measurement) periods of approximately 1 5  days each (see Table 5.2 for exact duration of 
each period) . 

NA = Not analysed statistically. 
a ,b,c Means within a row bearing d ifferent letters differ significantly at P < 0.05. 
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Table S.7b Adjusted mean values for daily production of milk and milk solids (kg/cow per day) 
and milk composition ('Yo) during  each of the eight experimental periods (seasons), averaged 
across all three sward types.1 

Yield parameter 

Milk Milkfat Protein lactose Fat Protein 
Season (kg/d) (kg/d) (kg/d) (kg/d) ('Yo) (%) 

1 987/88 

Early spring 1 7.0  0.80a 0.64 0.82 4.4b 3.6a 

Late spring 1 6.5 0 .76a 0.57 0.78 4.6a 3.4b 

Summer  15 .8  0 .63b 0.53 0.74 4.2b 3.5b 

A utumn 15 .8 0 .62b 0.56 0 .72 4.0c 3.7a 

1 988/89 

Early spring 1 8.8 0 .86a 0.70 0.93 4.5b 3.5b 

Late spring 1 7.7 0 .83a 0.65 0.84 4.8a 3.7a 

Summer 1 6.7 0 .76b 0.57 0.78 4.7a 3 .4c 

Autumn  1 7.8 0 .78b 0.62 0.82 4.4b 3.7a 

S. E. 0.43 0 .020 0.01 8 0.024 0.06 0.03 

Sign. level NS • NS NS • *** 

a,b,c Means withi n  a column within a year bearing different l etters differ significantly 
at P < 0.05.  

1 M ea n  values were adjusted by analysis of covariance (see Tables 6.2-6.5) in  order to illustrate 
the simple effects of season (present table) and season x sward type interaction effects (Figure 
6.2) on the production of milk and milk solids, unconfounded by the effects of stage of lactation 
over two lactations. 
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Table 6.8 Mean values for change in  l iveweight and condition score of individual cows during 
each experimental period, averaged across all three sward types. 

1 987/88 

Early spring 

Late spring 

Summer 

Autumn 

1 988/89 

S.E.  

Early spring 

Late spring 

Summer 

Autumn 

Sign. level 

Liveweight 
change kg! 
cow per cow1 

1 9.2 

-1 .S 

-23.8 

4.9 

4.7 

9.S 

-3.4 

-1 .0 

1 .80 

NS 

LW change 
g!cow daily 

1 1 32 

-83 
-1 399 

404 

46S 

680 

-227 

-73 

1 30 

NS 

Condition score 
change per cow 1 

0.1 9a 

0.01 b 

-O.OSb 

O.OSab 

-0.06a 

O .l Oa 

-0.1 6b 

-O.Osb 

0.060 

,. 

a,b ,c Means within a column within a year bearing different letters differ significantly 
at P < O.OS. 
1 Table S .2 shows the duration of each experimental period (average 1 5d each). 



Plate 6 1 
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High mass Matua prair ie grass sward ( top r ight )  showing a greater content of 
matur ing seedheads dur ing late spr ing compared with a low mass Matua sward 
(top left ) ,  which are read i ly grazed by cows (bottom) 
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C H A P T E R 7 

GENERAL DISCUSSION AND CONCLUSIONS 

7.1 INTR ODUCTION 

1 95 

The overall objective of the present investigations was to assess the suggestion that intense 

but i nfrequent g razing (5-6 weeks recovery period) of Matua prairie grass pastures may 

improve herbage quality and production per animal, without causing a significant decrease 
i n  sward persistence a nd herbage production. The suggestion was consequent to the 

o rig i na l  recom mendation that Matua prairie grass was best suited for well drained dairy 

farms under lax and infrequent grazing management, and the subsequent questions on the 

feed i n g  va l u e  a nd harvestin g  effic iency of t h e  h e rbage g rown under these g razing 
management conditions. 

The a im of th is chapter is to briefly review results and conclusions obtained, collate the 

results with the most relevant published work, consider briefly some p roblems associated 

with the measurements mad�, relate the relevance of results obtained i n  this study to the 

potential role of Matua prairie grass in dairy farming in the Manawatu Region and probably 

in New Zealand ;  and finally suggest areas for further research. 

The more specific objectives were to measure, over a range of seasons, aspects of herbage 

composition ,  including digestibil ity, a nd the effects of these on the feeding value of the 

herbage, and on milk production from Matua prairie g rasslclover pastures maintained at 

different pregrazing herbage masses; and to compare these with conventional perennial 

ryegrasslclover pastures. 

7.2. RESUME OF RESULTS AND CONCLUSIONS 

In ,Experiment 1 the composit ion ,  including digestibility, of herbage from prairie g rass cv. 

G rasslands Matua pasture maintained at low herbage mass (LM), intermediate mass (1M) 

and high mass (HM) was measured over summer, autumn, winter and spring.  The Matua 

swards were grown in association with red clover. Differences in herbage masses between 

the three sward types were created and maintained by d ifferential grazing management with 

lactating dairy cows (dry cows in winter). 

There were no significant differences between sward types i n  the concentrations of prairie 

g rass, red clover or other (unsown) species in t h e  h erbage.  The low mass swards 
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contained a g reater p roportion of g reen leaf, but smaller proportions of stem and dead 

matter. The apparent digestibility (OMD) and concentrations of total nitrogen in the herbage 

from t he intermediate or h igh mass swards were lower than those of low mass swards. 

Whole prairie grass plants from the low mass swards contained a greater concentration of 

nitrogen and had much higher OMD than those of the intermediate or h ig h  mass sward 

types. The OMD of whole plants from the three sward types were much higher than the 

corresponding values for total herbage. There were no t reatment differences in  the rates of 

net herbage production. 

Overal l ,  the initial proportion of red clover in the herbage was high; that of prairie grass was 

low but tended to increase over time. The actual herbage masses achieved were higher 

t ha n  was i ntended, partly because the g razing intervals were longer than was probably 

necessary. This, and the high clover content of the herbage may have caused the small 

differences in  botanical composition observed between sward types when compared with 

previous reports. 

The  effects of season on the component composition and digestibil ity of herbage were 

large, and were observed for the majority of the variables measured. These often interacted 

with sward type, but the diffe�ences between sward types in the component concentrations 

a nd OMD described above were generally consistent. 

The second experiment (Chapters 5 and 6) consisted of a series of eight short-term (2-3 

weeks) grazing experiments with lactating dairy cows, conducted over a two year period in 

early and late spring, summer and autumn. The cows were grazed, at  a generous herbage 

a[(owance (50 kgDM/cow daily) , on one of three sward types; low mass prairie (LM) high 

mass prairie (HM) and conventional ryegrass (RG). All swards contained white clover. The 

t h ree  sward types were created and maintained by suitable g razin g  p ressures and 

m echanical mowing, if required. The prairie grass swards were one year old at the start of 

the experiment while the ryegrass swards were well established. 

M ean pre-grazing and post-grazing herbage masses, over the two year period , were, 

respectively, RG 3.2 and 2. 1 , LM 4.2 and 2.2, and HM 5.6 and 3.6t DM/ha. At a common 

g razing i nterval of 4-6 weeks for the Matua sward types and 3-4 weeks for the ryegrass 

swards, significant differences occurred in the composition of the herbage from the three 

sward types. The proportion of green leaf was greater in perennial ryegrass herbage, it was 

i ntermediate in  the low mass Matua herbage and was smallest in  the high mass Matua 

herbage. The proportion of green stem was smaller in ryegrass swards than that in the two 

Matua sward types, which contained similar proportions of this component. 
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The H M  swards contained a g re ater concentration of dead matter t han  the low mass 

swards; t he ryegrass swards contained the smallest proportion of dead matter. The low 

mass Matua and ryegrass swards contained a similar concentration of clover, which was 

greater than that i n  the high mass Matua swards. 

There was a substantial decrease over time in the proportion of prairie grass, tiller density 

and t il ler weight i n  both Matua sward treatments, but the decrease was faster in the low 

mass treatment. Rates of net herbage production were smaller in  low mass than h igh mass 

Matua swards. 

Differences between the three sward types in the proportions of herbage components were 

reflected i n  the n utritive value of the h erbage.  N itrogen concentrat ion a nd apparent 

digestibility of organic matter were lower in the high mass Matua swards than those of the 
RG or LM swards, irrespective of season of measurement. Herbage from the rye grass 

sward was more digestible, and the concentration of n itrogen was greater than that in low 

mass Matua swards. However, differences between the ryegrass and low mass Matua 

swards in the quality of herbage were most pronounced in the late spring/summer period. 

At these times, the proportions of stem and dead matter increased steeply in the low and 

high mass Matua swards compared with the ryegrass swards. 

D ifferences between treatments in the concentrations of nitrogen a nd the  OMD of the 

individual whole plant, leaf or stem, were surprisingly small, given the large differences in 

herbage mass and proportions of green leaf in the herbage. In general, whole plants, green 

leaf and stem from ryegrass and low mass Matua herbage were equally digestible and 

contained similar N concentrations; differences between the high mass a nd low mass Matua 

swards in the n utritive value of herbage components were small , b ut they were larger 

between the high mass and ryegrass treatments. The digestibil ity of dead matter and 

seedhead tended to be lower in the Matua herbage than that of ryegrass, a nd was much 

lower on the high mass Matua treatment. 

Daily yields of mi lk and milk solids from the ryegrass and low mass Matua swards were 
I 

similar  in all periods of measurement except in the summer, when yields from the low mass 

Matua treatment were smaller. Yields of mi lk and m il k  solids from the high mass Matua 

swards were the smallest in most periods. Sward type had no effect on milk composition ,  

except that protein concentration was smaller in the high mass Matua swards. 

Voluntary feed i ntake was high from all the three sward types. However, the smaller yields 

of milk and milk solids from the high mass swards in comparison with the other two sward 

types i ndicate that the intake of digestible nutrients from these swards was smal ler. 
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Severa l  sward measurements were associated with h igh coefficients of variation (CV), 

particularly the  p roportions of clover i n  the herbage (CV 30-50%), other species (CV 50-

60%) and seedhead (CV 60%). CVs for other herbage components were generally below 

20%.  T h e  h i g h  CVs observed for m easurements of the above components may be 

attributed to the heterogeneous spatial distribution of these components, and the large 

seasonal effects on their concentrations in the herbage (Meijs, 1 98 1 ) .  Consequently, 

demonstration of significant d ifferences between treatment means for these variables,  

becau se of the large standard errors surrounding the means, required large differences 
between them. 

M easurements of pre-grazing herbage mass and feed i ntake were made with CVs of 1 0-

20% which were within the range reported i n  the literature (Meijs, 1 981 ; Leaver, 1 982) . 

However, measurements of post-grazing herbage mass had a CV of approximately 30%. 

This may explain the greater apparent DMI  measured in the present study from the low 

mass Matua swards compared with the ryegrass treatment but without an increase in milk 

production. 

The absence of satisfactory but c heap methods for measuring herbage i ntake and its 

d igestibility by the grazing animal has almost certainly hampered progress in grassland 

utilization (Leaver, 1 982). This topic was discussed in  Chapters Two and Six of the present 

thesis and wil l not be dealt with further. However, the introduction of tal l ,  less dense pasture 

species of h igh growth potential, (e.g.  prairie grass and tall fescue) into intensively grazed 

temperate pastures, makes the need to develop more accurate methods of estimating 

pasture mass and comparative feeding value more acute. Cutting ,  the pasture probe 
(capacitance pasture meter) or the rising plate pasture meter have inherent limitations in 

themselves when used to estimate herbage mass, and these methods are even more 

inadequate for use in high herbage mass, tall and erect, heterogeneous pastures. 

The use of i nert internal markers, e .g .  chromic oxide in gelatin capsules (Hodgson et a I . ,  

1 977) or in  controlled slow release capsules (CRC) (Parker et  at ,  1 990, 1 991 ) ,  and natural 

or synthetic alkanes (Mayes et aI . ,  1 986; Dove et aI . ,  1 989, 1 990) to estimate faecal DM 

output and feed intake was not feasible u nder the conditions of the present study. These 

methods often show variation in accuracy, and the results may not justify the high resource 

requirements (faecal and diet sampling ;  marker and d igestibility assays) (Leaver, 1 982). 

CRC and n-alkane methods may be less labour intensive, and are reported to produce more 

accurate estimates of feed intake in sheep, because of reduced diurnal variations in marker 
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recovery ,  a nd more accurate est imates of herbage digestib i l ity in ind ividual animals, 

respectively. CRCs and alkanes also have their l imitations, in addition to the very limited 

available data on their use to estimate feed intake of grazing lactating cows; however their 

future role in animal feeding research looks promising. 

7.4 DISCUSSION OF RESULTS A N D  THEIR IMPLICATION S  TO DAIRY FARMING 

The resuHs of the present study were consistent in  showing that h igh herbage mass swards 

(> 4t D M/ha) were l ess digest ib le a nd conta ined sma l ler concentrations of nitrogen 

compared with more intensely or frequently grazed swards « 4t DM/ha). The feeding value 

of the herbage in terms of milk production per head was reduced, on average, by 1 2% (20% 

in summer) by a g razing regime that encouraged high herbage accumulations. Rates of net 

herbage production were similar for low and high mass swards because of high losses to 

senescence in the high mass swards (Bircham & Hodgson, 1 983b; Xia, 1 991) .  These 

resuHs are consistent with those of similar studies reported previously (L'Huill ier and Bryant, 

1 987; M ichell and Fulkerson, 1 987; Holmes et aI . ,  1 992; Hoogendoorn et aI . ,  1 992). 

High rates of accumulation of dead matter and the high proportion of this component in the 

herbage and diet of g razing
, 

cows ,  appear to be the major reason for decreases in the 

feed ing value of herbage - especial ly in the late spring/summer period (Thomson et aI . ,  

1 984; M ichell and Fulkerson, 1 987) . 

With Matua prairie grass/clover pasture (Experiment 2) a grazing regime, including topping 

when required, which mainta ined low mass swards (average 4.0 t D M/ha) increased 

herbage quality and its feeding value as reported previously with perennial ryegrass swards 

(Bryant, 1 982b; Hoogendoorn et aI. , 1 992; Stakelum and Di l lon, 1 991 ) .  Mi lk production from 

these swards, except in summer, was similar to that from conventional perennial ryegrass/ 

c lover swards. However, such g razing management led to sward decline (decreases in  

p roportion of  prairie grass) , which was steeper than that observed when h igh  herbage 

masses were maintained .  A similar average reduction in milk production from intensively 

g razed prairie g rass: ryegrass/clover pastures (50:50) compared to conventional ryegrass 

pasture was reported from Ruakura (Thom and Prestidge, 1 988; A.M. Bryant, pers. com.). 

In the present study, average milkfat production from ryegrass and low mass prairie grass 

swards was similar, but milk and mi lk protein yields were 3% smaller (P  < 0.05) from low 

mass Matua swards - as was observed at Ruakura. It is probable that reductions in milk 

yield compared to yields from ryegrass swards may be much greater at restricted herbage 

al lowances, particularly i n  late spring/summer (present experiment) from intensely grazed 

Matua/c lover swards (not sown with ryegrass e.g.  Ruakura) . Experimental evidence ,  

however, is lacking. 
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Recent physiological studies of prairie grass cv. Grasslands Matua showed persistence and 

t i l leri n g  was improved if intense g razing was delayed unt i l  after seedhead emergence 

(Hume, 1 990a; Matthew et aI . ,  in press), or after replacement tillers appeared at the base of 

the sward which was then g razed to t i ller height (Black and Chu,  1 989) . What effect does 

such a g razing regime have on  short term (spring/summer) o r  long term production per 

a n i ma l  and p e r  hectare? Does M atua p rairie  grass sti l l  retain its annua l  dry matter 

production advantage (in terms of animal production) over perennial ryegrass under such 

grazing management practice? 

What evidence is there to suggest that delayed grazing of Matua prairie grass swards, until 

post seed head emergence, wil l  halt sward deterioration in the long term (beyond 3 or 4 

years)? Answers to these q uestions need to be provided through research before prairie 

g rass can be recommended for incorporation into perennial pastures on dairy farms in New 

Zealand. 

The Matua prairie grass plant (with a minimum of attached dead matter) has a very high 
n ut rit ive value which decreases slowly with maturity (Cruickshank � aI . ,  1 985; Hume, 

1 990a, 1 99 1  d) . Simple correlation analysis of the present data showed that the apparent 

OMD of Matua prairie grass herbage was not correlated to pregrazing herbage mass (r = -

0.2, NS) ,  sward surface height (r = - 0.3, NS) (Experiment 1 ), or proportion of stem in  the 

herbage (r = - 0. 1 ,  NS; Experiment 2) ;  but that it was highly correlated to the proportion of 

g reen leaf (r = 0.9***) and to the proportion of dead matter (r = - 0.9***) i n  the pregrazing 

herbage (Appendix 7.2). 

I n  perennial ryegrass pasture the r values for proportions of herbage components vs OMD 

were leaf, r = 0.9 ***; stem, r = - 0.7**; dead matter, r = - 0.8**. The lack of correlation 

between the p roportion of stem and OMD of prairie grass herbage suggests that prairie 

g rass may be a suitable special purpose short duration crop (yielding high herbage masses 

of h igh  digest ibi l ity) for use as green fodder (cut and carry), hay or silage. However, the 

ecpnomics and feeding value of Matua herbage u nder such managements need to be 

established, and the long term effects of such managements on sward persistence have yet 

to be assessed. 

7.5 CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

The g eneral conclusions to be made from the present studies are: 

1 .  Maintenance of Matua swards at low mass improved the feeding value for milk 
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production of the herbage, which is in agreement with the first part of the working 

hypothesis. Cows g raz ing on h ig h  mass Matua swards produced approximately 

1 0% less mi lk  and m i l k  sol ids per  cow compared to the  low mass swards .  

Compared to 'conventional' perenn ial  ryegrass swards, low mass Matua swards 

had similar feeding value i n  all periods except in  the summer, when it was lower in  

the low mass Matua swards. 

2.  The proportion of  Matua prairie grass in  t he herbage, t i l ler  densit ies and t i l ler 

weights, decreased in the low mass swards, the decrease was slow in Year One but 

more rapid in Year Two of the study in the high mass swards. Overall ,  the loss of 

prairie g rass plants from the sward was more pronounced in the low mass swards. 
These observations do not support the second part of the hypothesis that increasing 

grazing pressure of Matua pastures while maintaining long rest periods (5-6 weeks) 

will maintain sward persistence. 

3. Prairie grass is potentially a high nutritive value, short duration perennial (3-5 years) 
pastu re spec ies .  desp ite  the  h i g h  p roport ion  of stem in  the herbage and 

reproductive activity which occurs for a major part of the year. The feeding value of 

Matua prairie g rass herbage appears to be affected more by the proportions of 

green leaf and dead matter in the herbage than that of stem � � when compared 

with perennial ryeg rass. This suggests that g razing reg imes that reduce the 

proportion of dead herbage in the pasture may exploit the high feeding val ue ,  
growth and herbage production potential of Matua prairie grass. However, in the 

cultivar's present form, such management will reduce sward persistence. 

These data and reports from other parts of New Zealand that Matua prairie grass 

persistence was reduced severely by d isease and insect damage (anthracnose and 

Hessian fly), suggest that recommendations for inclusion of Matua prairie grass in a 

dairy p roduct ion  system i n  N ew Zealand can on ly be made in  very l imited 

circumstances. 

The following areas are suggested for further research: 

1 .  Basic  p l a nt b re e d i n g  a n d  se lect ion  research to i m p rove perennation and 

persistence of Matua prairie grass. The species and cult ivar contain valuable germ 

plasm for high dry matter production during critical periods, of high nutritive value 

and acceptability by the cows; which needs to be preserved while selecting for 

persistence and i nsect and disease tolerance. This is a long term priority research 

requiring the collaboration of agronomists and animal nutritionists. 
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Matua prairie g rass, b ecause of its relatively slow rate of decrease in herbage 

quality with i nc reasing herbage mass and maturity, and because it has no 

vernalization requirement, is potentially a valuable pasture species for the sub

t ropics and tropical h i g h lands where the relatively warm climate causes fast 

decreases in herbage quality by accelerating lignification .  However, the adoption of 

prairie grass in those environments will depend on the progress made in improving 

its persistence and pest tolerance. 

2 .  Effects of a range of restricted herbage allowances, over a range of seasons, on the 

composition of herbage, herbage production, and milk production (per cow and per 

hectare) from low mass prairie g rass dominant pastures ( in comparison with 

perennial ryegrass pastures) . Such a study would provide i nformat ion on the 

comparative feeding value of prairie grass, under conditions of restricted feeding 

which are frequently encountered in practical farming. 

3 .  Comparative feed i ntake assessment (indoors and at pasture) t o  determine the 

efficiency of feed conversion for milkfat and milk protein yield; and studies on the 

effects of Matua's s�ard structure on the composition of the diet ingested , and 

ingestive behavior of cows grazing Matua swards. 

4. Effects, duri ng  m idllate spri n g ,  of g razin g  i ntensity and frequency ( involving 

intermittent and set-stocking) of Matua pastures, and of conservation policy on the 

composition and feeding value of the herbage (including conserved herbage) at that 

t ime and in summer. Ti l ler dynamics, perennation and rates of net herbage 

accumulation should be monitored simultaneously. 

5 .  Farmlet type studies, over several years and involving predominantly prairie grass, 

ryegrass or other common pasture species and mixtures of these, to investigate 

sward and dairy cow performance i n  an applied dairy production system. 

6. Basic research on the competitive ability of prairie g rass grown with other grasses 

and/or legumes; and detailed nutrition studies on herbage shear strength, ruminal 

degradation characteristics, e .g .  N degradation ,  OM outflow rates and retention 

times, and patterns of volatile fatty acid production. These studies would be best 

done along-side the plant selection studies mentioned in ( 1 )  above. 



203 

A P P E N D I C E S  

Appendix 2.1 E f fe c t s  o f  d e fo l i a t i o n  r e g i m e  a n d  s e a s o n  o n  h e r b a g e  

growth and accumulation : a review 

2.1 .1 Herbage g rowth 

2.1 .1 .1 I ntroduction 

Defoliation is the complete or partial removal of the above-ground parts of plants by grazing 

animals, fire, mechanical or chemical means (Harris, 1 978) . Regrowth of herbage, defined 

as the development and i ncrease in size and weight of new leaf and stem tissue (Hodgson, 

1 979) when successive defoliations are imposed, is one essential feature of a pasture plant. 

I n  contrast with cutting , animals selectively g raze and tread pastures, deposit dung and 

ur ine,  and disperse seed , which have an i nfl uence on herbage growth, persistency and 

uti lization (Ed mond, 1 970; Watkin and Clements, 1 978; Curl ! and Wilkins, 1 983). The 

effects of treading, excreta return and seed dispersal on herbage growth and composition 

wil l  not be reviewed here (see reviews by Brown and Evans, 1 973; Watkin and Clements, 

1 978; Charles, 1 979; Wolton, 1 979; Wilkins and Garwood, 1 986; Leaver, 1 985; Korte and 

Harris, 1 987). Attention will be directed mainly on the effects of defoliation on l eaf and stem 

growth ,  tiller density and net herbage accumulation (NHA).  

Herbage growth, both initial growth following dormancy and regrowth following intermittent 

defo liations, fol lows a s igmoidal pattern regarding time, common to many biological 

organisms (Brougham 1 955 ,  1 959a;  Hunt 1 970 ;  Wi lman el aI. , 1 976a; B ircham and 

Hodgson ,  1 983b) . A period of initial exponential growth is followed by a period of rapid 

linear growth, and finally a period when growth declines exponentially until the ceiling mass 

(plateau) is reached. The beginning of the plateau is the time when growth becomes limited 

by the light fall ing on the pasture and by increasing herbage senescence (Hunt, 1 970) . At 

that t ime, the pasture canopy wil l intercept 95% of the  incident l ight (Brougham, 1 955, 

1 956) .  The leaf area that will prevent al l  but 5% of the light from reaching the soil surface is i 
called the critical leaf area and is usually defined by a critical leaf area index. The leaf area 

index (LAI) ,  a measure of the photosynthetically active tissue in a sward, is the ratio of leaf 

area of a plant community to the area of land beneath that community, and the critical leaf 

area index varies with plant species and season (Watson, 1 947) . As grass plants age and 

mature the internodes e longate , the  l eaf arrangement becomes more open, and an 

increased leaf area is required to intercept 95% of the light falling on the canopy (Walton .  

1 983). Critical LAI therefore changes with season. 
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An important feature of the regrowth pattern of plants is the inverse relationship between 

their mass followin g  defoliation and the length of time that passes before growth becomes 

exponential (Walton, 1 983) . This may explain why frequent lenient grazing rarely produces 

maximum h e rbage growth rates (Brougham. 1 959b; Bryant and B laser. 1 96 1 ) ,  most 

probably b ecause grazing animals, under such a defoliation regime, tend to selectively 

remove the young leaves at the top of the canopy. It has been shown that young leaves are 

the most efficient, photosynthetically, in promoting further shoot growth in both grasses and 

legumes (Vickery, 1 981) .  However, severe defoliation of pasture plants will remove not only 

a substantial amount of dry matter, but also much of the carbohydrate reserves stored in the 

ste m  base (Alberda, 1 960). Where carbohydrate reserves are low, or where current 

photosynthesis is inadequate to support regrowth, for example under low light intensities, 

in itial growth could be slow and the total productivity of the stand could be reduced (Ward 

and Blaser, 1 961 ; Weinmann, 1 961 ) .  This could be accentuated by a small area of leaf 

remain ing  fol lowing  defol iation (ibid). Nevertheless, carbohydrate reserve is not an 

important issue for most New Zealand pastures (A.C.P. Chu & C. Matthew, pers. com.). 

2.1 . 1 .2 Leaf growth and effects of leaf removal 

The tiller is the basic unit of grass and forms the basis of growth and development of the 

grass plant a n d  the sward: It consists of a pseudostem ( leaf sheath) or true stem 

(reproductive til ler) ,  surrounded by leaf lamina (Davies, 1 969). Sward lamina growth per 

u n it a rea is a function of the  t i l ler  density (stolon density for clover) , rates of tiller 

appearance and death, and the rate of leaf production per tiller, which depends on rates of 

leaf appearance a nd leaf extension (Davies, 1 981) .  Individual til lers may live from a few 

weeks to a year depend ing on when they satisfy the vernal ization requ i rements, a 

prerequisite to flowering for most temperate grass species (Langer, 1 977; Williams, 1 980). 

The lifespan of an individual leaf, assuming  rates of leaf appearance of less than a week in 

summer and up to 3 weeks in winter, is from 4 to 5 weeks in summer and about 8 to 1 0  

weeks i n  winter (Davies, 1 977; Williams, 1 980). A s  with tillers, the rate of leaf appearance 

is positively related to the moisture (Chu et al . .  1 979), temperature and light energy to which 

the plant is exposed; with an optimum temperature range for temperate grasses of 20 to 

25°C (McWilliam. 1 978; Williams, 1 980). 

Leaf growth and senescence are closely l inked to maintain a constant number of live leaves 

per vegetative ti l ler, of approximately 3 to 4, which is made possible by the development of 

a new leaf. undergoing no further meristematic activity or growth at the time of death of the 

oldest leaf (Davies, 1 977). In some cases there is a concurrent transfer of assimilates from 
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the dying leaf to other parts of the plant (Williams, 1 980). 

leaf growth starts from the leaf primordia located on alternate sides of the apical meristem.  

The leaf primordia have i nitially two meristematic zones: one at  the base of the leaf sheath 

for sheath g rowth and another at the base of the l eaf blade for g rowth of l eaf lamina 

(langer, 1 977). M eristematic activity at the base of the leaf lamina ceases once the ligule is  

d ifferentiated, and further leaf g rowth is sustained by the meristematic activity at the base of 

the leaf sheath; making leaf growth possible following defoliation (Will iams, 1 980). leaf 

g rowth ceases once the l igule is exposed to light (ibid). 

There is confl ict ing evidence on the sensit ivity of leaf appearance and leaf g rowth to 

defoliation regime. leaf appearance may be accelerated (Grant � aI., 1 98 1 )  or reduced 

(Davies, 1 974) by close grazing , depending on severity. G rant et al . ( 1981 )  found that the 

effects of defoliation on leaf appearance were largely determined by the  i nteraction of 

defoliation on leaf extension rates a nd the length of the sheath tube through which the 

emerging l eaf g rows. Higher leaf extension rates are found with larger (Chapman et al . ,  

1 983) and older t i l lers with greater lamina area (Grant et a l . ,  1 98 1 ) .  and therefore less 

severe defoliation increases leaf extension rates (Wilman and Shrestha, 1 985) . Greater 

rates of leaf extension (Parsons and Robson, 1 980) and leaf appearance (Vine. 1 983) are 

found with reproductive rather than vegetative ti l lers. Reproductive ti l lers may suppress the 

rate of leaf appearance of vegetative til lers associated with them (Davies. 1 969). Although 
reproductive ti l lers have potentially greater rates of lamina growth, this may be short-lived as 

the number of leaves on reproductive tillers is l imited; that is. once the flag leaf has emerged 

no more leaves will appear (Davies. 1 977). B ircham and Hodgson ( 1 9 83a. b) noted that 

leaf growth was much lower in the lower horizons of the sward canopy because of reduced 

interception of incident light. and this accelerates death and decay of shaded leaves. 

The effect of leaf removal on the growth of a plant is dependent on whether the whole or  

only part of the leaf is removed. the stage of development of  the leaf a t  which it i s  removed. 

and the extent to which the leaf area of the plant as a whole is reduced (Tainton. 1 98 1 ). 

The i mportance of maintaining . in the sward. sufficient leaf area to intercept most of the t 
incident l ight for photosynthesis. and of the rapid recovery of this leaf area after defoliation 

was demonstrated by the studies of Brougham (1 956), in which regrowth increased as the 

residual LAI increased. 

In swards maintained at low LAI .  young leaves are expanded in high light. free from shade 

by old leaves and so could develop a high capacity for photosynthesis (Woledge, 1 977). In 
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a sward maintained at LAI 1 .0 by continuous grazing, the growing leaves and the youngest 

ful ly expanded leaves contributed some 75% to the total photosynthesis of the canopy 

(Parsons et aI . ,  1 983a). leaf sheaths and clover stolons are also photosynthetically active, 

but contribute less than 5% to the g ross photosynthesis of the sward (Parsons et aI. ,  1 983a; 

Korte and Parsons, 1 984) However, at the high stocking rates required to maintain a low 

LAI ,  many leaves are defoliated while young (Maclvor and Watkin ,  1 973). Thus it is a 

proportion of the most photosynthetically efficient tissue that is removed, and the remaining 

l eaves in the  sward tend to be older and less efficient. The reduction in photosynthetic 

capacity of the plant will invariably affect plant vigour and in particular the growth rates of 

roots and lateral daughter shoots (Walton, 1 983) . Frequent leaf removal could therefore 

reduce the capacity of plants to p roduce ti l lers, and wil l reduce the size and depth of 

p e n etration of the root systems (Troughton,  1 957;  Evans, 1 97 1 ) .  However, other 

investigators (Matthew et aI. , 1 99 1 ) ,  have reported root mass and new root development in  

perennial ryegrass swards to  be relatively insensitive to  grazing management; seasonal 

fluctuations in the production of n ew roots were large in comparison to those produced by 

contrasting hard and lax grazing regimes. On the other hand, the increased light penetration 

to the  base of the sward resulting from leaf removal may stimulate the development of 

daughter til lers from basal nodes in many species, or alternatively stimulate the growth of 

young  t i l lers that have already begun development, which may not have survived in the 

dense canopy (Tainton, 1 981) .  

2.1 . 1 .3 Stem growth and effects of stem removal 

The development of the stem and inflorescence in most temperate grasses, and that of the 

in florescence in  legumes, is d ependent on suitable e nvironmental conditions of low 

temperature (vernalization) and photoperiodism. Vernalization helps to stimulate the apex 

of the plant to respond to conditions inductive to flowering i.e., daylength and temperature 

(McWil l iams,  1 978) . The optimum temperature for thermo-induction ranges from 1 -7°C 

although vemalization can occur over a wide range of -5 to 1 4°C (ibid); whereas the critical 

day length is 1 3- 15  hours, below which flowering will not occur (Williams, 1 980). 

Since the inflorescence of the grass plant develops directly from the apex of the stem, the 

most obvious effect of removing the apex is that of terminating stem growth and preventing 

flowering and seed production (Brougham, 1 961) .  Another effect of the removal of the stem 

apex results f rom the associated removal of the inh ibit ing effect of the apex on t he 

development of lateral ti l lers lower down on the stem, an inhibition that results from the 

secretion of growth regulators by the apex (Tainton, 1 981 ) .  The removal of the apex leads 
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to g rowth in previously dormant tiller initials at the basal nodes of the stem. and this results 

in a n  increased til ler density (ibid). 

Besides the above effects ,  t he removal of t he stem apex i n  certai n  species in which it is 

elevated above grazing or cutt ing h eight while it is sti l l  in the vegetative growth stage, and 

therefore still producing leaves. reduces the eventual number of leaves that will be formed 

(Davies, 1 976). 

The importance of the location of the apical meristem has lon g  been recognized. During the 

annua l  cycle of development some ti llers become reproductive and basal internodes begin 

to e longate, carrying the developing inflorescence upwards and exposing it to decapitation. 

O nce the apex has been removed the tiller stub dies, so regrowth in  reproductive swards 

d e p e nds  part ly on t h e  n um b e r  a nd d evelopmental  status of a ny accompanying 
undecapitated til lers (Davies, 1 977) . The timing of defoliation during the reproductive phase 

is thus critical regarding the quantity and character of regrowth. Matthew (1 990) suggested 

t h a t  r e p rod uct ive t i l l e rs s u pply s ubst rate to daught e r  t i l lers a nd he lp  the i r  i nitial 

establishment, and that the translocation to daughter tillers was g reater where the parent 

t i l ler  seed head had been removed than where the parent t i l ler seed head had remained 

intact. 

As deca pitated t i l lers cannot continue growth, immediate regrowth depends on the tillers 

that have escaped decapitation and can continue to form new leaves and/or stem material. 

N ew ti l lers also develop on the defoliated stubs of the decapitated til lers (Matthew, Black & 

Butler, in press) . There is ample evidence to show that when these stubs are cut short, 

fewer new t i l le rs a re formed a nd regrowth is reduced (Davies et a I . ,  1 981 ) .  Each 

reproductive t i l ler stub in perennial ryegrass swards seems capable of producing two to 

three new tillers both intravagi nally (after decay of subtending sheaths) and extravaginally 

(breaking  through old sheaths) (Davies, et aI., 1 981 ) ;  and under favourable conditions the 

number of living ti llers may double in two weeks (Davies, 1 981 ) .  However, in dry conditions 

many vegetative tillers in a reproductive sward of perennial ryegrass die before or because 

of defoliation (Davies, 1 988) . I 

Responses to defoliation in  the reproductive phase are related both to the duration of the 

phase a nd to the percentage of t i l lers that become reproductive. In swards well supplied 

w ith  water and n itrogen the  loss of old t i l lers by decapitation is quickly made up for by 

development of new ti l lers, t hough heavy ferti lization of a reproductive crop can both 

i ncrease deaths of non-flowering tillers after defoliation and reduce formation of new tillers 
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(Dawson et aI. ,  1 983). 

Autumn and  early spring d efol iations appear to have little  influence on  the number of 

seedheads formed (Roberts, 1 965; Johnson and Parsons, 1 985), though they may influence 

the n umber of vegetative ti llers and therefore the percentage of ti l lers that flower (Davies 

and Simons, 1 979; Johnson and Parsons ,  1 985).  Comparisons of data from different 

experiments, harvest years and cutting treatments, for S24 perennial ryegrass, confirm that 

the total n umber of tillers that become reproductive remains similar over a wide range of 

circumstances (Davies, 1 9 88) . Very frequent close defoliation, however, reduces the total 

number of reproductive tillers in a way that can not be accounted for by tiller deaths, both in 

rotationally and continuously grazed swards (ibid). 

2.1 .2 Tiller populations 

The number of til lers present per unit area at any one time depends on the relative rates of 

formation and death (Langer, 1 963) . As was mentioned previously (Section 2.2.1 .3) tiller 

formation is stimulated by defoliation, though the number of new tillers initiated, and the rate 

at which they develop, is likely to be affected by sward conditions both before and after 

defoliation (Jewiss, 1 972) . The longevity of tillers is influenced by time of year at which they 

first appear. TIllers appearing immediately following anthesis tend to survive in a vegetative 

state through the following winter, form the bulk of inflorescences the following year, and 

then die (Holmes, 1 980) . Tillers developing later are subject to competition from previously 

established tillers, and a proportion of the tillers established in late winter and early spring 

may succumb to the competitive effects of shading before flowering (Jewiss, 1 966). 

The rate of t il ler death is usually greatest during reproductive g rowth, due initially to the 

death of vegetative tillers surrounding the reproductive ti l lers, and then due to death of the 

reproductive tillers post anthesis (L'Huill ier, 1 987a). The death of vegetative tillers is caused 

by the failure of larger ti llers (mainly reproductive) to supply assimilate to smaller heavily 

shaded vegetative tillers (Ong � aI . ,  1 978) . 

Thus, loss of tillers is increased by both severe shading and by frequent severe defoliation 

(Brougham, 1 959; L'Huillier, 1 987a) . Changes in tiller density can be extremely rapid over 

short periods of time (Brougham, 1 960; Garwood, 1 969), though it may be easier to depress 

than to increase populations in the short term (Korte, 1 982; Korte � a!., 1 984; Xia et aI. , 

1 990) .  
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I n  g eneral ,  more frequent or intense defoliations result in  a h igher t i l ler density due to 

g reater tiller appearance and s urvival in conditions of light and reduced assimilate demand 

by the recently defoliated parent tiller (Baars et aI . ,  1 98 1 ; G ra nt and King. 1 984; L'Huillier 

and Bryant. 1 987; Xia et al . .  1 990). Tiller densities are also maintained at a higher level 

under cont inuous stocking management than under rotational grazing at comparable 

stocking rates (Hodgson and Wade, 1 978; Tallowin, 1 98 1 ; L'Huillier. 1 987b). 

The influence of severity of defoliation is more complex, populations tending to be greatest 

at intermediate levels of defoliation,  but the pattern of response is sensitive to both sward 

a nd climatic conditions at the time of defoliation (Brougham, 1 960; Jewiss, 1 972; Grant � 
al . .  1 981 a, b) . 

I n  a vegetative sward, t i l ler density and weight per t i l ler a re inversely related (Bircham, 

1 98 1 ; Hodgson et aI . ,  1 981 ; Butler, 1 986). This relationship is defined (according to the 

self-thinning rule) as a thinning l ine of tiller density plotted against tiller weight (log scale) 

with a slope of minus 3/2 (Yoda et aI . ,  1 963) . The self-thinning law does not apply on very 

short and intensely g razed swards, where tiller density declines due to frequent uprooting 
and decreased rate of ti l ler formation; on swards where ti l ler numbers are increasing ; or on 

mixed pasture (Hodgson et aI. , 1 98 1 ; Grant and King, 1 984; Davies, 1 988). 

Swards may respond to defoliation by net gains, net losses or no general changes in tiller 

populations, depending  on initial tiller numbers at the time of defoliation. and t ime of year 

(L'Huillier, 1 987a). For example, ryegrass tiller density on pastures grazed by sheep has 

been reported to be g reatest in late winter/early spring. declin ing during reproductive growth 
and then increasing again in autumn (Harris, 1 971 ; Hunt and Field, 1 978; Korte, 1 981 ) .  In 

the late spring a sward defoliated intermittently (e.g. every 4 weeks) may develop a stand of 

ti l lers sufficiently dense to permit rapid canopy development and suppress further tillering 

(Davies, 1 977; L'Huillier, 1 987a). Tillers may be suppressed to the point at which they will 

d ie when the sward is defoliated (Alberda, 1 966; Tallowin ,  1 981 ) .  Wade (1 979) observed 

that til ler losses in swards were high in the first week after defoliation and that subsequent 

t i l ler production was inversely proportional to LAI .  When t i l lers cease to develop, leaf 

sheaths accumulate, and these may die and persist after the sward has been defoliated. 

With continued lax defoliation ,  tubes of dead sheaths may accumulate and suppress further 

til ler development (Jackson, 1 974). 
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On ryegrasslwhite  clover pastures grazed by dairy cows i n  New Zealand, tillering activity 

was greatest during late spring/early summer  (October-December), and not in the autumn 

peri od as commonly stated (Bryant and l'Hui l l ier. 1 986; l'Hui l l ier and Bryant, 1 987; 

l'H ui l l ier 1 987a) . The rate of t i l ler death was also greatest during the late spring/early 

summer period and was greater in  low stocked tha n  high stocked swards (2 .8  vs 4.3 

cows/ha) ;  whereas til ler appearance rate during the same period was not significantly 

affected by stocking rate (l'Hui l lier, 1 987a). The seasonal pattern of tiller density is reported 

t o  b e  u n affected by g raz i n g  management ,  i rrespective of stockin g  rate ;  grazing 

management merely affects the rate andlor extent of  the change (Tallowin, 1 981 ; L'Huillier, 

1 987a). 

Ti l ler density is also influenced by the species of animal grazing the sward and by the 

n itrogen status of the soil. Greater t i l ler densities are found with sheep than with cattle 

grazing at similar intensities (Arosteguy et aI. ,  1 983, Sheath et aI. , 1 987). Cattle appear to 

uproot t i l lers to a greater extent than sheep do (Briseno de la Hoz and Wilman, 1 981) ,  

part icu larly  at  low g razing  intensity (Tal lowin,  1 985) which may be a function of the 

difference in method of prehension between the two species. Although t i l ler density 

generally increases with nitrogen application (Bal/ and Field, 1 982), the effect is dependent 

on season a nd grazing regime imposed . I ncreases in t i l ler populations due to N are 

greatest towards the end of the summer and smallest in early spring; while infrequent 

defoliation will result in a decreased til ler density probably due to increased shading with 

fertilized compared to unfertilized swards (ibid). 

2.1 .3 Pasture production 

2.1 .3.1 Total herbage production 

Two characteristics of the grass crop t hat are centra l  to understanding the effects of 

defoliation on production were recently highlighted by Parsons (1 988). Firstly, because the 

grass sward displays a rapid turnover of tissues, any material that remains unharvested is 

soon lost to death. This turnover is clearly the origin of a considerable potential loss to I 
production. With mean leaf appearance intervals of 1 1  days, an amount equal to the entire 

standing live weight of the crop may die each month. So, in contrast with many crops that 

are harvested once after a single period of growth,  the grass crop must be harvested 

repeatedly. Secondly, it is the photosynthetic tissue, the leaves, that are predominantly 

harvested. Over the whole year, the repeated defoliation that is essential to harvest a 

proportion of the grass crop, inevitably reduces the leaf area and light interception of the 
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canopy, interrupts canopy photosynthesis and so reduces the capacity for the production of 

new leaves. C learly, then,  the way the sward is harvested on any one occasion has a 

profound effect on the amount grown, as well as on the degree to which the tissue produced 

is harvested. 

The objective of good grassland management must be to strike a compromise between the 

conflicting demands of the grass plant, which needs to retain leaf area for photosynthesis, 

and the essential need to harvest leaf tissue for animal consumption to meet specific animal 

requirements and production objectives (pasture-animal interface) . This conflict leads to a 

di lemma that is central to grassland management (Holmes, 1 987; Sheath et aI. , 1 987) . 

Cont ro l  over the  frequency and severity of defoliation has long been recognised for 

manipu lating the a mount of herbage produced over a g iven period (Smetham; 1 975; 

Holmes, 1 980) . In most studies , the effects of defoliation on herbage yield have been 

determined by: ( 1 ) the amount of herbage dry matter per unit area determined by cutting 

(herbage harvested) ; (2) grazing (herbage consumed); and (3) the amount accumulated 

between successive grazings (herbage accumulation). These three parameters may differ 

from each other, and none directly measures pasture growth rate (Hodgson, et aI. , 1 981) ,  

which is  difficult to quantify in cut or grazed pasture, and is  seldom attempted (Korte and 

Harris, 1 987; Korte et a l . ,  1 987). Most often the three parameters out l ined above are 

actually measurements of net pasture production (less decay) ,  which wil l  be discussed later. 

The effects of defoliation regime on pasture production have been extensively studied, and 

have been reviewed by several authors (Harris, 1 978; Vickery, 1 981 ; CurU, 1 982; Korte and 

Harris, 1 987; Simpson and Culvenor, 1 987) . Herbage OM production is usually reduced by 

intensive and more frequent defoliation, whether by cutting or grazing (Brougham, 1 959b; 

P inneiro and Harris, 1 978a; Bircham and Hodgson,  1 983b; Stockdale, 1 986); although 

herbage yield under grazing may be 1 . 1 - 1 .2  times that under cutting (CurU and Wilkins, 

1 983) . The adverse effects of more intense defoliation are often reduced by less frequent 

defoliation (Campbel l ,  1 969; Brougham, 1 970; Baars et a I . ,  1 98 1 ) .  Sometimes, more 

fr�uent or intensive defoliations have increased OM production (Alcock, 1 964; Binnie et a!. , 

1 980; Hoogendoorn, 1 986) . In such cases, greater utilization of herbage from the base of 

the  sward, rather than increased growth,  may be a major reason for the higher yields 

obtained (Korte and Harris, 1 987). In other reports, intensive rotational grazing by dairy 

cows at 2 .7  to 4.3 cows/ha (McFeely et a I . ,  1 975; l'Hui/lier, 1 987b), or at daily herbage 

a llowances of 1 6  to 32 kg OM/cow (Kristensen, 1 988) had no significant effect on annual 

herbage accumulation (tota l  or g reen). A similar observation was reported by Rattray 
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( 1 978) with pastures grazed by sheep at 28 vs 21 eweslha. with early or late lambing, over 

three years; although lax grazed pastures produced more OM during August-October and 

less OM during February-May. 

Very i nfrequent defoliation may also reduce herbage production (Brougham. 1 970; Baars et 

al. . 1 98 1 ) .  Brougham (1 970) showed that grazing infrequently with sheep in  the winter (1 26 

vs 42 days) reduced yields by 40%. A similar reduction was noted by Baars et aI . ,  ( 1981 ) ,  

when winter pastures were grazed at 4000 rather than 3000 kg OMiha. On the other hand, 

Bryant and l'H uillier (1 986) reported increased herbage accumulations i n  July (winter) of 

1 50 kg OM/ha for every 1 0  day increase i n  autumn-winter rotations. The stocking rate was 

3.7 cows/ha, while rotation lengths were 43-99 days. Santamaria and McGowan (1 982) and 

Hoogendoorn et a I . ,  ( 1 987) also reported i ncreased winter-early spring herbage growth 

rates following long winter rotations of pastures grazed by dairy cows. However, the 

amount of feed on the farm in August-September positively affects mid- to late-spring 

herbage growth rates more than grazing intensity or rotation length per � (Carton and 

Brereton, 1 982; Santamaria and McGowan, 1 982; Bryant, 1 983, 1 990a, b; Thomson et aI . ,  

1 989). 

In a review of grazing experirllents, Hodgson and Wade (1 978) concluded that defoliation at 

intervals less than 2 weeks may reduce herbage production by 40%. Grazing every 4 

weeks consistently increased production 1 5-1 7% over 2-3 weekly grazing when the height 

of grazing was controlled. However, in some experiments with dairy cows, no significant 

difference in  herbage yield was observed between 2-3 vs 4-5 weeks rotations over the 

grazing season (Leaver, 1 975; McFeely et aI., 1 975). 

In other situations, various combinations of defoliation frequency and intensity have had little 

effect on annual yields (Hodgson and Wade, 1 978; Hodgson et aI. ,  1 98 1a) .  I n  these cases, 

although photosynthesis and herbage growth were reduced by more frequent and intense 

defoliation, death and decay of unharvested herbage was also reduced. However. very 

intensive or very frequent defoliation (beyond the range of practical interest) does reduce 

annua l  yield u nder both continuous stockin g  and intermittent defol iat ion (King and 

Stockdale, 1 980; Hodgson, 1 990b). 

H erbage g rowth after severe defoliat ion is sigmoidal over time (see Section 2 .2 . 1 . 1 ) .  

Growth i s  initia l ly exponential. then linear; growth rates during these two phases are highly 

dependent on the severity of defoliation , and have a bearing on the ability to match the 

availability of quality herbage and animal requirements. at least in the short-term. 
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The confl ict i n  results between studies on the effect of  defoliation regime on pasture 

production can be attributed to d ifferences in and interactions between environments, 

botanical composition of the pasture, the method of defoliation ,  measurement technique 

and species of a nimals used to graze the pasture. Also the diverse definitions of, and 

interactions between grazing intensity and frequency, soil nutrient status, and season, 

cont ribute substantially to the  reported inconsistencies of t he results.  For example,  

Brougham {1 959b} showed that ann ua l  yields were reduced 20% by frequ ent severe 

grazing (7.5 cm to 2.5 cm versus 1 7.5 cm to 7.5 cm) . However if grazing frequency was 

reduced (grazing after growth to a sward height of 22.5 cm down to 2 .5 cm versus grazing 

at 7 .5 cm down to 2.5 cm) then no reduction in herbage accumulation eventuated. A 

common explanat ion of these results is that less frequent hard grazing enables pastures 

greater time in the linear phase of growth so that net production is not reduced. However, 

very similar results were obtained by Brougham (1 960) during the spring  when there may be 

little or no exponential phase to the growth curve. Korte (1 981 ) also found during spring that 

herbage mass appeared to increase linearly between grazing (either hard or lax) and 95% 

light interception. 

The presence of interactions, between defoliation regimes and season, and the effects of 

alternation b etween lax and intense defoliations on pasture production have been 

demonstrated by several workers. I nfrequent hard grazing in winter outyielded lax grazing 

(Brougham, 1 960) while Tainton (1 974b) showed that alternate lax and hard grazing in 

autumn may out yield hard grazing by 63%. Sheath and Boom ( 1 985) found that hard 

summer g razing  did not lower herbage accumulation.  as did B rougham ( 1 960) , and 

attributed this to pastures of predominantly annual species rather than the ryegrass based 

pastures of Brougham, despite similar moisture status. During dry summers, hard grazing 

reduced herbage accumulation by 20 - 40%. compared with lax grazing (Brougham. 1 960; 

Tainton, 1 974a) . Appadurai and Holmes (1 964), however, observed that when the soil was 

maintained close to field capacity, ryegrasslwhite clover pastures produced 20-41 % more 

under hard (2.5 cm) than lax (7cm) cutting. 

Alternate hard and lax grazing has been shown to resu lt in a smal l  increase ( 1 0%) in 

herbage production when previously hard grazed swards were laxly grazed, and a similar 

drop in production when hard grazing previously lax grazed swards (Baars � aI. , 1 981 ; Xia 

� aI . ,  1 990); however, changing from lax to hard grazing in early summer increased both 

total and net herbage production in summer (L'Huillier. 1 987a; Xia et aI. , 1 990). B ircham 

and Hodgson (1 984) also found that changing the intensity of grazing  from lax to hard under 
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continuous grazing reduced herbage accumulation,  but it did not increase when changing 

from hard to lax grazing. The authors attributed this to fewer tillers and reduced growth per 

tiller in the hard then lax grazed swards, which is characteristic of low mass (frequently hard 

grazed) swards. 

The effects on herbage accumulation of i nt egrating animal species to take advantage of 

complementary grazing habits, especially in late-spring-early summer, a re not clear. I n  

some reports, herbage accumulation was greater for swards stocked with sheep o r  sheep 

with cattle than those stocked o n ly with catt le  (Monteath � aI . , 1 977;  Boswell and 

Cranshaw, 1 978) , which may be a result of associated differences in the degree of treading 

and defoliation (Sheath et al. , 1 987) , a nd the change in botanical composition, i .e. more 

cocksfoot under cattle whereas under sheep there was more ryegrass. However, McCall et 

al . (1 986) did not observe significant differences i n  green mass accumulation on easy or hill 

country swards grazed by cattle and sheep in various ratios. Total herbage accumulation 

was not reported. 

2 . 1 .3.2 Spring-summer herbage production 

Peak herbage accumulation rates within  a year coincide with inflorescence emergence in 

the spri ng-early summer period (Leafe et a I . ,  1 974). In N ew Zealand 6(}'80% of annual 

growth usually occurs from September to January (Rattray, 1 978; Bryant and Sheath, 1 987; 

Bryant , 1 990a); consequently many studies have been conducted to assess the effects of 

grazing management during this period on immediate and subsequent herbage production. 

The timing and frequency of defoliation during the spring reproductive g rowth period may 

affect the long-term accumulation of herbage in a sward. A reduction i n  a nnual herbage 

accumulation of 20-40% has been reported when reproductive development was interrupted 

at a leafy stage compared to interruption at full flower emergence (Wilman et aI., 1 976a, c). 

Mislevy et al. (1 977) reported no effect on total spring or annual herbage accumUlation over 

a 38 week measurement period of d efoliation at early c ulm  elongation versus at 30% 

inflorescence appearance. Apart from the timing of defoliation, increasing the frequency of I 
defoliation during reproductive growth may result in decreased annual herbage production 

(Wi lman e t  a I . , 1 976 a ,  c ;  L 'Hu i l l ie r. 1 9 88).  Most of the increase i n  n et herbag e  

accumulation with less frequent grazing d uring this period can be attributed to increased 

growth of the stem and inflorescence (Korte et a!. , 1 984; L'Huillier and Bryant. 1 987). 

Most reports show that lax rather than hard grazing of perennial ryegrass dominant swards 
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during  spring increases total spring herbage accumulation (Carton and Brereton, 1 983, 

L'Huillier, 1 987b; Michell and Fulkerson, 1 987; Thomson � aI. , 1 989). A similar effect has 

a lso been reported with long rather  than fast rotations or s et stocking  at comparable 

stocking rates during mid spring to early summer (L'Huillier, 1 988; Thomson et aI . ,  1 989). In  

some reports, however, spring herbage accumulation was decreased by lax compared to 

intense g razing (Holmes and McClenaghan,  1 979; Binnie et aI . , 1 980) or no significant 

effect was observed (Holmes and Hoogendoorn, 1 983; Korte et aI. , 1 982b, 1 984) . Net or 

green herbage accumulation in spring may increase (L'Huillier, 1 987b; Mayne et aI., 1 987; 

Hoogendoorn et a I . ,  1 988) , or may not be significantly affected (Xia et aI., 1 990) by lax 

rather than intense grazing during the same period. Frequent grazing from mid spring (e.g . ,  

1 2d rotations) or set stocking rather t han long rotations (e.g . ,  30d) may decrease net 

herbage accumulation, but increase spring tiller density (L'Huiliier and Bryant, 1 987). This 

may reflect a greater degree of "control" of reproductive tiller development and thus lower 

net herbage accumulation of this component and stem (ibid). Such differences may also be 

due to an interaction between defoliation frequency or intensity and climatic conditions, and 

the influence this has on treading damage (Wilkins and Garwood,  1 986; Mayne et a!., 1 987). 

Spring management may also affect subsequent herbage accumulation. Pastures that are 

laxly rather than intensely grazed during spring may have reduced (Korte � aI. ,  1 982, 1 984; 

Holmes and Hoogendoorn, 1 983; Sheath and Bircham, 1 983; Sheath et aI . ,  1 984; L'HuiUier, 

1 9 87b) , or increased total accumulation during the subsequ ent summer-autumn period 

(Carton and Brereton, 1 983; Mayne !tl aI . ,  1 987; Thomson et a I . ,  1 989; Xia et aI . ,  1 990) . At 

h igh stock rates (e .g . ,  4 cows/ha), frequent defoliation or set stocking rather than long 

rotat ions i n  spring increased (L' Hu i l l ier,  1 988) or had no effect on summer herbage 

accumulation (Thomson et aL , 1 989). On the other hand, net herbage production during 

summer may be increased by intense grazing during spring (L'HuilJier, 1 987b; Michell and 

Fu lkerson ,  1 987; Hoogendoorn et aL ,  1 988; Xia et aI. , 1 990) , which encourages ti l ler 

development from the stubs of grazed reproductive tillers. 

The h igher rates of summer net herbage production following hard grazing in spring may be 

a result of lower rates of growth being more than balanced by lower senescence losses \ 
(Korte et aI . ,  1 984; L'Huil lier, 1 987a, b ;  Xia et aI., 1 990) . However, moisture status rather 

than grazing management has the dominant influence on herbage growth during summer 

(Chu et aI . ,  1 979; Sheath and Bircham,  1 983; Korte et aI., 1 987; Bryant, 1 990b). 
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There has long been interest in the degree to which control of sward conditions can be used 

to i nf luence herbage production a nd ut i l izat ion. H owever, many investigators have 

concluded that N et Herbag e  Accumu lation (NHA) is relatively insensitive to variations in 

grazing management or to variations in stocking rate over the range of practical interest 

(Hodgson and Wade, 1 978; L'Huillier 1 987b; Grant et aI. ,  1 988; Parsons, 1 988; Hodgson, 

1 99 0b). The absence of substantial differences in animal production per hectare between 

intermittent and continuous grazing managements supports this view (McMeekan, 1 956, 

1 960 ;  Clark et aI . , 1 982, Bryant, 1 984, 1 990b; Bryant and L'Hui l l ier, 1 986; Bryant and 

Sheath,  1 987; L'Huillier, 1 988). 

The development of concepts of tissue turnover or tissue flows in grazed swards provided a 

basis for explanation of this relative insensitivity to variations in grazing management. In  

summary, the  rate at  which h erbage accumulates for harvesting represents the balance 

between the rate of growth of new plant tissue and the rate of loss of established tissue to 

senescence and decomposition (Hodgson et aI . ,  1 981 , Bircham and Hodgson, 1 983a, b) . I n  

theory both the rate of growth and the rate of loss can be controlled by cutting o r  grazing 

manageme nt ,  b ut in practicE:l the effects of defoliation on the sward characteristics that 

determine these rates tend to be self-compensating in the long term (ibid). 

The u se of NHA as the i ndex of comparison in both cutting and grazing experiments 

introduces a major difficulty in the interpretation of treatment differences. In the absence of 

grazing animals, NHA is a function of plant tissue growth (G) and death and decay (D), but 

when the g razing animal is present, NHA represents the balance between G ,  0, and 

herbage consumption (C) , all expressed as rates per unit of ground area, (Davies, 1 981 ; 

Bircham. 1 98 1 ) .  Plant tissue flow from the l ive pool to the dead pool is described as 

senescence. Thus, growth can be considered as potential production, and decay can be 

regarded as a measure of the inefficiency of the grazing process. 

Net herbage accumulation can thus be described as: ! 

NHA = G - (0 + C) . . . . . . . . . . . .  ( 1 )  

I n  these circumstances differences in NHA between experimental treatments could be due 

to d ifferences in G, 0 or C, or to interactions betweenn two or more variables. Herbage 

tissue that is not harvested must eventually senesee and die (Vickery, 1 981 ) ;  therefore the 
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efficiency of harvesting the tissue g rown is a determinant of N HA. When NHA is zero, as it 

may b e  u nder  continuous stocking management, equation ( 1 )  can be t ransformed to 

equation (2): 

N P  = G - S = C green . . . . . . .  (2) 

whe reby NP is the net production of green herbage, and senescence (S), the rate at which 

live tissue becomes dead tissue,  is substituted as an alternative to the parameter 0, which 

is difficult to measure. The measurement of N HA merely accounts for the net result of the 

processes just described. 

The balance between photosynthesis, gross tissue production.  herbage intake, and death, 
t hat may be achieved in swards maintained at a range of sward states, has been derived 

from studies of both the carbon balance of the g razed crop (Parsons et aI . ,  1 983a, b, 1 988; 
Parsons and Penning, 1 988) and from studies of the rates of tissue growth and senescence 

o n  individual t i l lers (Bircham and Hodgson. 1 983a, b; Grant et aJ., 1 983, 1 988). These 

studies have shown how rates of photosynthesis and gross tissue production are close to a 

maximum in swards maintained at high herbage masses, but to sustain this level of green 

product ion a large proport ion  of l eaves must rema i n  i n  t he  sward to contribute to 

photosynthesis. As a result ,  th is t issue inevitably causes a high rate of loss of matter to 

death and decomposition through shading, and the amount harvested is small .  I n  swards 

maintained at a lower herbage mass, a g reater proportion of leaf tissue is removed and 

photosynthesis and g ross tissue production are reduced. However, i n  terms of animal 
production per head or per hectare, the increase in the harvesting efficiency of plant tissue 

of high digestibility usually offsets the decrease in the amount grown (Parsons et aI . ,  1 983b; 

1 988). 

C learly then,  maximum harvested herbage yield per hectare is not achieved in swards 

maintained at h igh herbage masses to intercept a large proportion of the i ncident light, but 

at a lower, intermediate mass, as th is allows the best compromise between gross tissue 

production on the one hand and losses to decomposition and death on the other. Bircham , 
a nd Hodgson (1 983a, b) demonstrated the existence of a 'homeostatic' mechanism in 

swards continuously grazed by sheep (Figure 2. 1 ) .  by which compensatory changes in 

species population density a nd tissue tumover on individual plant units combine to maintain 

relatively constant net production of green herbage, over a range of herbage mass, sward 

surface height or leaf area index levels. At the lower extrem e  « 1 000 kg OM/hal, herbage 

growth restricted net p roduction ,  and at t he higher extreme (> 2000 kg OM/ha), rates of 
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senescence would reduce net production. Maximum net herbage production i n  continuously 

grazed perennial ryegrass swards is achieved at a sward height of 4-7 cm (Bircham and 

Hodgson, 1 983b; Schlepers and Lantinga, 1 985). 

Most studies monitoring the effects of grazing regime on NHA have been conducted with 

sheep o r  beef cattle whi le  studies with dairy cows a re scarce.  The l im ited studies 

conducted on temperate pastures grazed by dairy cows (Carton and B rereton,  1 983; 

Schlepers and Lantinga, 1 985; Hoogendoorn, 1 986; Hoogendoorn � al., 1 988 ; L'Huillier 

and Bryant, 1 987; Michel l  and Fulkerson, 1 987; Xia, 1 99 1 ) ,  which may differ considerably 

from sheep grazed pastures, were mostly short-term. Short-term NHA in these studies was 

greater in lax or long rotation than intensely or short rotation grazed swards. However, 

Schlepers and Lantinga (ibid) and L'Huillier (1 987b) did not observe significant d ifferences 

in NHA due to grazing frequency over the grazing season. The recent conclusion by Bryant 

(1 990b) ,  that, on farms already highly stocked, variations in grazing management account 

for no more than 1 0  kg milkfat per cow over the entire lactation, may reflect the minor 

effects on longterm NHA of variations in grazing management. Bryant (ibid) cautions, 

however, that g razing management should be used as a fine tuning tool , to maintain 

sufficient herbage mass on the farm during mid to late spring to encourage high herbage 

accum u lation rates w h e n  �lnimal  responsiven ess is g reatest, and to control stem 

accumulation and promote self-reseeding and sward density in late spring-early summer. 

This could be achieved through long rotations (about 2Od) in early spring,  and fast rotations 

or set stocking during late spring-early summer, with conservation or 'deferred grazing' 

(Bryant and L'Hui llier, 1 986; L'Huillier, 1 988; Thomson � aI . ,  1 989) . 
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Appendix 2.2 Composition of temperate pastures : a review 

2.2.1 Botanical composition 

G rass species 

It is estimated that t h ro ughout the world t here are approximately 600 grass genera 

containing some 6 ,000- 1 0 ,000 species, about 40 of which account for over 90% of sown 

pastures (Williams, 1 98 1 ; Langer, 1 990) . In each of the temperate and tropical grasslands, 

20-25 of these grass species are now in use in cultivated pastures (Mott, 1 98 1 ; Norton , 

1 98 2) ;  most of which having been improved through breeding and selection to give a range 

of strains and cultivars . The grass genera that constitute most temperate pastures include 

Lol i um ,  Bromu s ,  Da c ty l i s ,  Fe s t u ca ,  Pha l a r i s ,  Ph l e um , Agros t i s ,  

Hol cu s  and Poa (Langer, 1 990). I n  the warmer parts of the temperate regions a few grass 

species of tropical and subtropical origin, mainly Paspa l am di la ta t um and Penn i s e t um 

c l a n de s t i n um, have shown promising performance as components of pasture leys 

(Goold, 1 979; R umba/l and Boyd, 1 980). 

Forage legumes 

Leg umes, as a result of their ability to 'fix' atmospheric nitrogen through a symbiotic 

relationship with appropriate Rhi zobi um bacteria species and strains in root nodules, are 

an important component of both temperate and tropical pastures. Forage legumes as a 

group have a higher nutritive and feeding value than any grass species (see Section 2.3.3 

for evidence) and when grown with grass, they improve the protein concentration of pasture 

swards (Minson, 1 98 1 a; Ulyatt, 1 981 ; Thomson, 1 984). Most important, however, legume 

forages provide cheap nitrogen for grass growth and improve pasture dry matter yields, 

especially in temperate grasslands receiving nil or limited N fertilization ,  e.g. ,  New Zealand 

(Lancashire, 1 985a; Sheath and Harris, 1 985;). In New Zealand, nitrogen fixation by clover 

averages 1 85 kglha per annum (8all et aI. ,  1 979). These characteristics of forage legumes 
I 

are of special significance in the tropics because of the inherent lower nutritive value of 

t ropical pasture grasses (Minson, 1 976, 1 98 1  a) .  Forage legumes t hat are sown in 

temperate pastures belong to 20 species, mostly of the genera Tri fol i um, Medi cago, 

Lo t u s  and Onobrych i s  (sainfoins) (Norton, 1 982). I n  the tropics 1 2  genera have been 

reported (ibid). 
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G rass-legume balance 

The most i mportant pastoral association i n  temperate regions is perennial ryegrass and 

white clover (Wi ll iams, 1 980; Harris and Chu,  1 985). Other grass and legume species, 

whether sown as pure stands or as grass-legume mixtures, contribute a smaller proportion 

of the pastures and the dry matter consumption of ruminant animals, mainly as special 

situation or special purpose forage. Exceptions are lucerne, sown mainly in pure stands, 

and subterranean clover, which are the dominant legume forages in North America (Stelly, 

1 97 2) and th e  cooler regions of Austra l ia  (Wheeler ,  1 9 81 ; Stockdal e  et a I . ,  1 985) , 

respectively. 

The proportion of clover in g rass-legume swards differs widely in d ifferent temperate 

countries. Reports from the U.K. (Frame, 1 981 ; Snaydon and Baines, 1 981 ) indicate that 

80% of pastures surveyed contained less than 5% c lover with 80% of the established leys 

u nder perennial ryegrass. The situation is probably similar in other parts of Europe, arising 

from heavy reliance on n itrogen fertilizer, unpredictability of clover performance, and low 

persistence probably because of extended low temperatures (Frame and Newboufd; 1 984; 

Davidson a nd Robson ,  1 984) . It may also be due to less adapted clover varieties and 

pasture defoliation practices (ibid) . With declining farm profits, due to reduced agricultural 

s upport and contin uing downward trends in the  consumption of dairy catt le derived 

products, and environmental legislation to reduce N losses from livestock systems, the U.K. 

is reappraising its N fert i l ization pol icies (Leaver, 1 99 1 ) .  Furthermore , with average 

responses of 4-1 0  kg DMlkg N at mean application rates of 250 kg N/ha annually on grazed 

dairy farms (Morrison, 1 987), the use of white clover is becoming a more attractive option 

(Phill ips, 1 989; Leaver, 1 99 1 ) .  Similar average response rates to N fertilization have been 

observed on New Zealand dairy pastures at application rates of 85 to 400 kg N/ha annually 

(Bryant et aI . ,  1 982; Holmes, 1 982; Roberts and Thomson, 1 989). 

The c lover content of N ew Zealand pastu res varies from 1 5  to 40% d epending on 

topography, season and grazing management (Smetham, 1 977; Hoglu nd et aI. ,  1 979). 

However, d ifferences in the botanical composition of pastures on the country's dairy and 

sheep farms are smal l ,  except for prairie grass that is mainly grown by dairy farmers 

(Lancashire, 1 985a, b) .  Other significant  grass species sown, in  descending order of 

occu rrence ,  a re cocksfoot, t imothy, and more recently tal l  fescue (Lancashire ,  1 985a). 

Leg u me species, in a similar order of occurrence, are red clover, subterranean clover, 

l ucerne and lotus (ibid) . Poa spp . ,  Agros t i s  spp. and weeds may form part of the 

botanical composition of pastures as primary 'colonizers' depending on several factors to be 
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discussed later (Section 2.3.2), and may form an important source of nutrients for grazing 

animals. 

2.2.2 Morphological composition 

G rass harvested by the g razing animal or by cutting the sward, comprises leaf blades, leaf 

sheaths, which form a pseudostem before t he initiation of reproductive development, true 

stem and dead material (Osbourn, 1 980). In  the forage legumes, leaflets, petioles, stem 
and inflorescences are readily distinguished, although in white clover, t he true stem being 

prostrate and stoloniferous, only the petioles and laminae stand erect above it (ibid). 

As t he l eaf canopy in a sward increases, the  lower l eaves begin to senesce and die, 

resulting in  a pasture sward that contains varying proportions of green leaf, dead leaf, stem 

and inflorescence (Bircham, 1 981 ) .  The leaf:stem ratio, the proportion of dead material, and 

the  spatial d istribution of t hese components in a pasture sward, vary considerably with 

season, stage of growth, fertilization and defoliation regime; and have a major influence on 

t he concentration of nutrients, digestibi l ity of the dry matter and feed intake (Raymond, 

1 969; Norton, 1 982; Hoogendoorn e1 a I . ,  1 985) . The influence of sward composition on the 

nutritive value of herbage is discussed in Section 2.3.2. 

2.2.3 N utrient concentrations and d igestibil ity 

Chemical composition of herbage 

A useful nutrit iona l ,  a nd s imple empirical ,  chemical division of plant material is into cell 

contents and cell-wall constituents {Van Soest , 1 967}. The cell contents, which are almost 

entirely digested by the ruminant animal, include most of the plant proteins, peptides, amino 

acids, nucleic acids, lipids, vitamins, m inerals, pectin and a-linked carbohydrates; and all, 

except minerals and silica, are soluble in neutral detergent (ibid). The cell wal l  residue is 

termed neutral detergent fibre (NDF). The cell wall fraction of the plant contains the �-linked 

structu ra l  polysaccharides (hemicellulose and cel lulose) that are degraded only by the 
'. 

polysaccharidases produced by microorganisms i n  the reticulo-rumen of ruminants and in 

t he cecum of h ind-gut fermenters (non-ruminant herbivores); and it also contains lignin. The 

residue, after NDF is boiled in an acid-detergent solution, is the acid detergent fibre (ADF) 

fraction containing ligno-cellulose and insoluble minerals (Van Soest, 1 967). 

As plants mature, l ignin, which is  an extremely stable compound and is not degradable i n  
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the animal's digestive system, is deposited in the cell walls. Besides being undegradable, 

l ignin also encrusts the cell wall polysaccharides and forms chemical bonds that prevent the 

c el l  walls from swelling (Osbourn ,  1 980). The swelling of cell walls is a prerequisite for the 

penetration of m icrobial cellulases (ibid). Localized l ignification of the cell walls of plant 

t issues renders some parts of otherwise digestible pasture forage totally unhydro/ysable 

(Van Soest, 1 983) . 

I n  routine n utritional evaluation of herbage, carbohydrates are grouped as non-structural or 

readily fermentable carbohydrates, and as structural carbohydrates (Bailey et al; 1 970) . 

The non-structura l  carbohydrates include soluble sugars (mono- and di-ssacharides) , 

starch, fructosans and pectin. The structural carbohydrates are composed of hemicellulose, 

which is partially hydrolysable, and cellulose. Crude protein (N x 6.25) , ash and lignin are 

the other components determined in routine herbage analyses. The term 'crude fibre' is 

used to designate the structural carbohydrate content of herbage (McDonald et aI., 1 988) . It 

encompasses lignocellulose but not hemicellulose and pectins (Van Soest, 1 983) . With the 

detergent system of fractionating fibre as NDF and ADF, hemicellulose is determined by 

d ifference as NDF less ADF (Van Soest, 1 967) . The carbohydrate fractions of pasture 

plants are the major source of digestible energy for herbivorous animals. 

The chemical composition of New Zealand pasture grasses and legumes has been reported 

on many occasions (Hutton, 1 961 , 1 962 ; Wilson and McDowall. 1 966; Wilson and Dolby. 

1 967; Bailey et aI . ,  1 970; Ulyatt, 1 970, 1 971 ; Rattray and Joyce, 1 974; Ulyatt � aI., 1 976, 

1 984; Rattray 1 978; Bryant and Trigg ,  1 982; Hoogendoorn, 1 986; Crush et a I . ,  1 989) . 

However, the majority of this information refers to pastures grazed by sheep. Bryant and 

Trigg (1 982) observed that there were few New Zealand data that quantified either seasonal 

changes in the nutritive value of pasture grazed by dairy cows or the relationship between 

n utritive and feeding value for the grazing dairy cow. Similarly, the extent that within-season 

nutritive value of pasture can be influenced by management had received little attention 

(ibid) . This is still true today, but more so for the former than the latter observation (see 

Section 2 .3.2) . 

Carbohydrate concentrations 

The soluble carbohydrate concentration of temperate forages (DM basis) ranges from 1 % in 

some cocksfoot varieties to over  30% in certai n  varieties of Italian ryegrass; and the 

cellulose and hemicellulose concentrations vary from 20 to 30% and 1 0  to 30%, respectively 

(Raymond, 1 969; Ulyatt, 1 973, 1 981 ) . Compared to grasses of similar digestibility, legume 
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forages generally have lower concentrations of cel l  wall- and soluble carbohydrates but 

equ ivalent levels of non-structural carbohydrates, higher concentrations (4 to 7%) of pectin 

(grasses, 1 to 3%), a lower ratio of hemicellulose to cellulose, and a higher concentration of 

lignin (3 to 1 2% vs 2 to 7% for grasses) (Ulyatt, 1 971 ; Rattray and Joyce, 1 974; Thomson, 

1 984). The ratios of hemicellulose to cellulose in temperate grasses and legumes are 0.7 to 

0.9 : 1 (1 .0 to 1 .2 : 1 for tropical grasses) and 0.3 to 0.7 : 1 ,  respectively (Osbourn, 1 980; 

Norton, 1 982). Temperate grasses and legumes have similar concentrations of crude fibre 

(20 to 30%), the mean values being 26% for grasses and 25% for legumes (Minson, 1 981a).  

Equ ivalent values for tropical forages 1 are 34% and 30%, respectively (ibid) .  Species, 

variety, stage of growth ,  rate of growth ,  and season markedly influence the carbohydrate 

fractions, and hence the metabolisable energy (ME) concentration, of forages (Minson, 

1 98 1 a) .  For example ,  considerable variation in water soluble carbohydrates has been 

demonstrated between varieties of temperate pasture species, but differences in chemical 

composition and digestibi l ity between species are generally smal l  at similar stages of 

maturity (Wilson and Dolby, 1 967) . 

Protein concentration 

The crude protein (CP) concentration of temperature pastures may range from as little as 

3% in very mature herbage to over 30% in young grass under heavy N fertilization (UIyatt, 

1 97 1 ;  Le Du  et a I . , 1 98 1 ; Thomso n ,  1 982) . Genera lly ,  legumes have higher protein 

concentrations than grasses in  both temperate and tropical environments (Ulyatt, 1 971 ; 

Rattray and Joyce, 1 974; Minson, 1 976; Figure 2.2); the higher level of protein in legumes 

be in g  associated with the  'bu i lt - in '  n itroge n  supply_  The amino acid complement of 

temperate grasses and legumes, however, is similar (Norton, 1 982). 

M inson ( 1 976) compiled frequency distributions of the crude protein concentrations of 
, 

temperate and tropical pasture grasses and legumes from 760 cuts of grasses and 492 cuts 

of legumes. The median CP concentration for legumes was 1 5  to 1 8% compared to 6 to 9% 

in the dry matter for grasses. Temperate and tropical legumes had similar ranges of CP 

concentration (3 to 33%) with few values less than the 7% level, considered minimum for 
\ 

ruminant requirements, below which feed intake and microbial N supply become limiting 

(Balch and Campling ,  1 962) . Only 6% and 32% of temperate grasses (22 and 53% for 

tropical grasses) contained less than 6 and 9% CP, respectively. 

1 Values for tropical forages are mainly for comparison purposes 
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Of the  N i n  h e rbage,  from 1 0  to 30% is non�prote in nitrogen (NPN) (Osbourn,  1 980; 

Mangan. 1 982) . The N PN fraction i ncludes peptides, amino acids, amines a nd inorganic 

n itrate ;  and this fraction is increased by nitrogen fertilization (Deinum and Dirven, 1 975; 

Mangan, 1 982) . NPN in forages,  besides its potential toxicity, contributes only to the rumen 

degradable protein (RDP) fraction of the diet (¢rskov, 1 982) . Considering the high protein 

degradability (above 0.7) in  temperate pastures, R D P  is usually oversupplied under most 
grazing conditions (Leaver, 1 985); and unless readily soluble carbohydrates are fed, NPN in 

forages is inefficiently used by ruminants (¢rskov, 1 982). 

U ndegradable dietary protein (UDP) requirements of lactating cattle depend on the stage of 

lactation ,  milk yield, and level of feed intake. However, feed intake is normally low in  early 

lactation, which increases the net tissue protein that is not supplied from microbial sources, 
and has to be supplied as UDP. The crude protein concentration of temperate forages, 

although rather high, will normally meet the requirements for low producing dairy cows (15 

kg milk/day or less; MID, 1 1  MJ M E/kg OM) (Holmes and Wilson, 1 984) , but  may not meet 

those of high producing cows on pasture especially i n  early lactation (Brookes, 1 982; Bryant 

and Trigg, 1 982; ARC, 1 984). Increases in milkfat production of 1 5�20% per cow have been 

reported when part ia l ly-protected prote in  or casein were fed or i nfused abomasally, 

respectively, to cows in early lactation on high digestibility pasture (Rogers et aI . ,  1 980; T.E. 

Trigg (unpublished data). cited by Bryant and Trigg, 1 982). 

M ineral concentrations 

S everal comprehensive reviews have been  publ ished on the m inera l  composition of 

herbage and the factors that affect it (Fleming,  1 973; Reid and Hovath, 1 980; Underwood, 

1 981 ; Jones and Thomas, 1 987; Judson � aI . ,  1 987); while reports by H utton � a l .  (1 965 , 

1 967), Wilson and G race (1 978) and Grace (1 983) contain data on the mineral nut rition of 

lactating catt le grazing New Zealand pastures. The ash content of temperate pastures 

ranges from 5 to 1 2%.  but higher values. depending on the level of soil contamination, have 

been reported (Hodgson, 1 990b). This subject will not be reviewed any further. 

Digestibility and metabolisable energy concentration 

Apparent digestibi l ity of pasture herbage is a major determinant of its n utritive value 

(Raymond. 1 969). N utritive value refers to the concentration of nutrients. particularly of 

digestible energy, in  the herbage dry matter or  organic matter, and it can also be expressed 

as animal production response per unit of feed intake (Ulyatt . 1 973, 1 98 1 ) .  The nutritive 



225 

value  of a diet thus depends on the proportion of nutrients digested and on t he efficiency 

with which these digested n utrients are absorbed and utilized within t he animal's tissues. 

The feeding value of herbage, on the other hand, is the animal production response to the 

total herbage consumed, and is thus a function of nutritive value and feed intake (ibid). 

Therefore, the comparative feeding value of grazed herbage is best assessed in trials where 

voluntary feed intake is not l imited by herbage availability. 

Since the g ross energy concentration of different herbages of varying maturity is constant at 

around 1 8  MJ/kg OM (Raymond, 1 969) digestible e nergy concentration is closely related to 

t h e  digest ib i l ity of dry matter (OMO) o r  organic matter (OMO) . Assessment of the 

d i g est ib i l ity of t h ese is  t herefore regarded as an acceptable measurement of the 

m etabol isable e nergy of  herbage,  s ince the p roportion of  e nergy losses in  urine and 

fermentation gases also tends to remain constant; with ME averaging 0.82 digestible energy 

(ARC, 1 980) . However, potential digestibi l ity may not always be realised if the rate of 

passage in the gut is accelerated, or  if the diet is deficient in essential nutrients such as 

n itrogen and su lphur, required for efficient microbial fermentation (Balch and Campling. 

1 962). The nitrogen concentration of temperate pastures, unlike that of tropical pastures, 

rarely fal ls below the 1 .0 to 1 .3% (6 to 8% CP) level , which is considered minimal for 

sustaining appetite and rumen microbial health (Minson, 1 982; Figure 2.2). 

The digestibility of temperate pastures can be very high, comparable to values for cereals of 

70 to 80% (Minson, 1 981a) .  The apparent digestibility of ryegrass-clover dominant New 

Zealand pastures has been reported on many occasions (Hutton,  1 962; Rattray, 1 978; C lark 

and Brougham, 1 979; Bryant and Trigg, 1 982; l'Huillier, 1 987c; Crush et al. ,  1 989). These 

reports show a seasonal pattern in pasture digestibility, whereby OMO values are highest 

(80 to 86%) in winter and early spring (July-September) ,  falling slightly (75 to 78%) in mid 

spring through early summer (October-December), but declining more sharply (65 to 75%) 

over most of the summer (January-March), and increasing again to mid spring levels over 

autumn (April-June). In general, green leaf (70 to 80% DMO) is more digestible than green 

stem (60-80%) (Hacker and Minson, 1 981 ) ,  while older dead material has digestibilities of 

40 to 50% OMO and much less OMD (Francis and Smetham, 1 985; M ichell and Fulkerson, 
I 

1 987; Pearce et aI. , 1 987). 

S imilarly, the metabolisable energy concentration of New Zealand pastures varies with 

season. with reported mean values of 1 1 .9,  1 1 .2 ,  1 0. 1  and 1 0.9 MJ M E/kg OM for winter to 

early spring. mid spring to early summer, summer, and autumn, respectively (Bryant and 

Trigg, 1 982; Ulyatt � aI. ,  1 984) . Vegetative grass and clover have similar concentrations of 
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M E  ranging from 1 1  to 1 2  MJ M E/kg OM, declining to 8 to 1 0  MJ MElkg OM, respectively, as 

they mature (Waghom and Barry, 1 987). 

The importance of digestibil ity or ME concentration of pasture is because the efficiency of 

use of M E  by the animal varies directly with the M E  content of the feed (ARC, 1 980), and 

because digestibility has some effect on  intake of OM and ME, as was shown in Section 

2.4.3.3 of the main review. 

The proportion of stem, in grasses and legumes, increases markedly as the plant matures 

and enters the reproductive phase. At the same time the digestibil ity of the stem also 

declines, whereas the digestibil ity of l eaf remains reasonably constant over the same 

period. Hacker and Minson (1 98 1 )  quote a mean daily decline of 0.5 to 0.8 percentage units 

for stem and 0. 1 to 0.4% units for leaf, in a range of temperate grasses. The two-fold effect 

of an  increasing proportion of stem of decreasing digestibility, reduces the digestibility of the 

whole plant as it matures, and as herbage mass accumulates (Ulyatt, 1 981 ) .  Some grass 

species show a relatively slow decline in digestibility with age, and are thus of particular 

value in tropical pastures (Norton, 1 982) . Considerable variation in digestibility also exists 

between early- and late-flowering  (-maturi ng) g rass species; early flowering varieties 

genera lly be ing more d igest ib le than late flowering ones at the same g rowth stage 

(Raymond , 1 969) . 

The decline in  digestibility with maturity is caused by changes in the chemical composition 

of the plant. Cellulose and hemicellu lose, which are d igested slowly, increase rapidly in 

stems and slowly in leaves; lignin that is itself indigestible and clearly associated with cell 

wal l  carbohydrates, also increases rapidly in stems and slowly in leaves; the readi ly 

fermentable carbohydrates decrease slowly in stems and remain constant in leaves; and 

crude protein decl ines more rapidly in stems than leaves (Osbourn, 1 980). 

Factors that influence the digestibility of pasture herbage have been reviewed by Raymond 

( 1 969) .  M inson (1 981 a) and Norton ( 1 9 82) , and will not be reviewed here. The overall 

n ut ritive value of temperate pastures and factors affecting it have also been extensively 

reviewed (Raymond, 1 969; Ulyatt, 1 973, 1 98 1 ; Ulyatt et aI . ,  1 976; Osbourn, 1 980; Poppi, 

1 983;  Jones and Wilson, 1 987;  Wag horn a nd Barry, 1 987; B lack, 1 990 ;  Thomas and 

Chamberlain, 1 990) , and will similarly not be reviewed further. 
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Appendix 4.1 Grazing dates and grazing intervals i n  days (d) for each of the three treatments 

(sward types) during each of the four periods of measurement (Experiment 1 ). 

Treatment/Grazing dates 

low mass I ntermediate High mass 
Season (lM) mass ( 1M) (HM) 

Summer 16 January 1 987 1 9 January 1 987 20 January 1 987 
(41 d) (45d) (56 d) 

27 February 1 987 6 March 1 987 1 8  March 1 987 
(31 d) (51 d) (58 d) 

Autumn 3 April 1 987 27 April 1 987 1 6  May 1 987 
(42 d) 

1 6  May 1 987 
(47 d) (66 d) (81 d) 

Winter 3 July 1 987 3 July 1 987 6 August 1 987 
(62 d) (60 d) (48 d) 

4 September 1 987 2 September 1 987 24 September 1 987 
(39 d) 

Spring 1 4  October 1 987 
(33 d) (67 d) (45 d) 

1 7  November 1 987 1 0  November 1 987 8 November 1 987 

Mean grazing 
interVa l  (d ± SD) 1 45 ± 1 1  60 ± 8  61 ± 1 3  

1 SD = standard deviation. 
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Appendix 4.2 Mean values for p re-grazing and residual  herbage mass (t OM/ha). pre-
grazing and residual sward height (cm), and rates of net herbage production (kg OM/ha daily) of 
the three sward types during each of the four periods of measurement (Experiment 1 ) .  

Herbage parameter 

Season! PHM RHM PSH RSH NHP 
Treatment (t OM/ha) (t OMlha) (cm) (cm) {kg OM/hald} 

S ummer LM 5 .6
c 1 .9c 35 7 1 03a 

1 M  7.0b 3. 1 b 32 7 8l b 

H M  8.2a 4.5a 34 9 6� 

Autumn LM 2.9b 1 .7b 1 5b 5ab 28 
1 M  4.5a 1 .9ab 1 6ab 4b 39 
H M  4.9a 3.0a 22a 9a 32 

Winter LM 2.0b 0.8b 1 5  6 20 
1M 2.7ab 1 .oab 1 3  6 27 
H M  3.4a 2.0a 1 8  8 1 8  

Spring LM 7.2c 3.2
b 33b 1 0b 1 1 1  

1M 1 1 .7a 4.3ab 5 1 a 1 9a 1 1 0 
HM 1 0. 1 b 4.7a 54a 23a 1 1 6 

S.E .M.  0.36 0.39 2 . 1  1 .4 4 .7 

Effects 

B lock * NS .. NS NS 
Season ...... .. .... .. .... .. .... *** 
Treatment ** .... NS .... NS 
Season x treatment .... NS .. * NS 

a,b,c Means within a season bearing unlike superscripts differ significantly (P < 0.05) 

PHM = Pre-grazing herbage mass; RHM = residual herbage mass; PSH = pre-grazing sward 
height; RSH = residual sward height; NHP = net herbage production 
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Appendix 4.3 Effects of season and treatment (sward type) on the masses of nitrogen and 
digestible organic matter in the dry matter (glm2) of herbage (Experiment 1 ). 

SeasonlTreatment 

Summer 

Autumn 

Winter 

Spring 

S.E .M.  

Effects 

Block 
Season 
Treatment 

LM 
1M  
HM 

LM 
1M  
HM 

LM 
1M 
HM 

LM 
1M 
HM 

Season x Treatment 

Herbage component 

Nitrogen (gln1) 1 

1 4.5b 

1 7.7ab 

20.3a 

9.9b 

1 6.0a 

1 5 .4a 

8.9 
1 0.6  
1 2. 1  

1 8.7  
1 7. 8  
1 5.5 

1 .22 

NS 
*** 
NS 

* 

D O M D ( g / m 2 ) 1 

2 1 .5 

NS 
*** 
* *  
** 

a,b,c Means within a season bearing unl ike superscripts differ significantly (P  < 0.05) 
1 Mass at any one sampling time in the herbage dry matter. 



Appendix 5.1 Meteorological data for each month from May 1 98 6  to April 1 989. 

(a) Air Temperature (0C) : Mean Maximum and Minimum 

1 986/87 1 987/88 

M onth Max. Min. Max. Min. 

M ay 1 5. 6  7.0 1 5 .2 7.5 
June 1 3 .3 5 . 5  1 3.3 6 . 0  

July 1 1 .6 2.7 1 2.3 4.2 

August 1 2. 2  4 . 4  1 5 . 1  6 . 8  
S eptember 1 4. 3  6 . 6  1 5 .4 7 . 1  

October  1 6.9 9.8 1 7.4 8 . 6  
November 1 8.6 1 0.3 1 9. 6  1 1 .3 
D ecember 20. 9  1 1 .8 2 1 .0 1 2. 6  
January 23.5 1 3.6 22.4 1 2.7 

February 21 . 6  1 2.3 22.9 1 4. 6  
M arch 1 9.9 1 0.9 20.3 1 1 .0 
April 1 7.8 9 . 9  1 7.9 8 . 1  

(b) Total Rainfall (mm) and Sunshine (hrs) 

1 986/87 

M o nth Rain Sun 

M ay 70 1 26 

June 7 6  9 9  

July 1 35 9 9  

August 98 1 35 

S eptember 78 1 1 9 

October 1 08 1 1 2 

November 32 1 49 

De cember 23 1 87 

January 74 230 

February 63 200 

M arch 1 23 1 53 

April 1 24 1 43 

1 987/88 

Rain Sun 

54 75 

68 65 

33 89 

32 1 3 1  

6 7  1 22 

93 1 59 

62 1 99 

9 6  1 45 

5 240 

1 50 1 35 

4 1  1 30 

45 1 66 

1 988/89 

Max. Min . 

1 5 . 7  7.0 
1 3 . 7  6 . 0  
1 3. 5  5 . 7  

1 3. 8  5 .7 

1 5 . 6  9 . 4  

1 7. 1  1 0 . 2  

1 9. 8  1 0 .9 
22.9 1 3. 4  
24. 1  1 5 .2 
23. 1  1 2. 9  
22.0 1 2.4 
1 9 . 2  9 . 8  

1 988/89 

Rain Sun 

1 1 0  1 24 

1 1 9  67 

1 63  9 9  

94 1 43 

1 44 69 

98 1 38 

63 1 82 

57 225 

93 223 

75 1 93 

89 1 72 

44 1 75 

30 y"r averaae 

M ax.  Min. 

1 5.2 7.1 
1 2.8 4.8 
1 2. 1  4.0 
1 3.3 5.2 
1 5.0 6 .9 
1 6.8 8.4 
1 8. 7  1 0. 1  
20.8 1 1 .9 
22.3 1 3. 1  
22.9 1 3 .2 
2 1 .4 1 2.2 
1 8 .4 9 .7 

3 0  yr  averaae 

Rain Sun 

93 1 08 

87 93 

98 1 00 

8 6  1 1 8 

74 1 29 

8 7  1 58 

82 1 72 

1 02 1 90 

77 207 

77 207 

72 1 67 

75 1 36 

230 



231 

Appendix 5.2 Mean values (± S O) for actual pre-grazing herbage masses (kg OM/ha) for 
the three sward types during each of the eight experimental periods. 

Sward Type 

RG LM HM 
Year/Season 'x SO � SO x SO 

1 98 7/88 

Early spring 2534 402 4578 1 1 00 6759 436 
late spring 421 5  320 5495 536 6823 809 
Summer 3799 329 4526 278 59 1 6  41 0 
Autumn 3496 456 3325 3 1 1 5239 277 

1 988/89 

Early spring 2 1 03 337 2256 639 3829 393 
Late spring 2650 288 481 4  704 6074 426 
Summer 3 1 79 226 3883 250 5 1 63 5 1 2  
Autumn 2825 2 1 4  3592 765 451 7  726 

Appendix 5.3 Mean values (± SO) for actual post-grazing herbage masses (kg O M/ha) for 
the three sward types during each of the eight seasons . 

Sward Type 

RG LM HM 
YearlSeason x SO x SO x SO 

1 987/88 

Early spring 1 639 339 2903 743 4337 632 
late spring 2877 2 03 3228 494 451 1 478 
Summer 2547 24 1 2832 340 3755 263 
Autumn 2406 258 2252 304 3376 362 

1 988/89 

Early spring 1 348 35 1 293 466 2552 200 
late spring 1 75 1  1 94 3 1 20 345 3952 671 
Summer 2029 1 75 2279 276 3 1 42 404 
Autumn 1 8 1 3  1 84 2205 486 291 7  559 



Appendix 5.4 Mean values  for botanical composition (% dry weight of total herbage 
biomass) of the pre-grazing h erbage f rom the three sward types, averaged across all eight 
seasons. 

Sward type 

Botanical 
component RG LM HM S.E. 

G rass 1 50 .8a 44.5b 46.4b 1 .3 

Clover 1 2.5a 1 1 .2ab 8.3b 1 .3 

Other2 1 3.8ab 1 6.4a 9.9b 1 .5 

Dead matter 23.2c 28.0b 36.4a 1 .3 

a ,b ,c Means within a row bearing different letters differ significantly at P < 0 .05 
1 Ryegrass o r  prairie g rass 
2 Other grass species and weeds 

Sign. 

+ 

.. 

.*. 

Appendix 5.5 Mean values for morphological components (% dry weight) of post-grazing 
herbage from each of the eight seasons, averaged across all three sward types. 

Herbage component 

Leaf Stem Dead Seedhead 
S eason % % % % Leaf:Stem 

1 98 7/88 

Early spring 24.3 48.6 27.2 2 . 1  0.5 
Late spring 22.0 38.1  40. 1  4 .2 0 .6 
Summer 20.0  20.7 59.3 0.4 1 .0 
Autumn 1 9.9 23.8 56.3 0.1  0 .8 

1 98 8/89 

, 
Early spring 33.4 38.5 28. 1  0 .0 0.9 
Late spring 26.8 45.8 27.4 6.2 0.6 
Summer 23.5 27.2 49.3 0.5 0.9 
Autumn 32.6 25.6 41 .7 0.2 1 .3 

S . E. 1 .2 1 .8 1 .3 0.91 0 .09 

Sign.  level .. * *** *** ..... .** 
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App endix 5.6 ANOV A table for total nitrogen (% OM) and met:loolisable energy 
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concen trations, and in. vitro digestibility of pre-grazing herbage from the three SW:lrd types (RG< LM & 
H?vf) a veraged across al l  eight measurement periods. 

Herbage parameter 

S ource of Nitrogen DMD OMD DOMD ME 
variation df F S ign. F S ign. F S ign. F Sign. F Sign. 

B lock 3 3.2 ,.. 1 .3 NS 1 3  NS 1 .2 NS 1 .2 NS 

Season 7 25.2 "' * '"  29 .6 .. * .. 32.4 * .. " 35.2 * * *"  35.2 .. x z  

B lock x S eas. 2 1  2 . 1 '" 2.6 .. .. 2.1 .. 2 .0 .. 2.0 .. 

S ward type 2 47.3 "' .. * 23 1 .9 .. * .. 122.5 .. .. ..  1 6 1 .8 * * '"  1 6 1 .8 " " X 

B lock x S ward 
type 6 1 .0 NS 0.6 NS 1 .0 NS 0.6 NS 0.6 KS 

Season x S ward 
type 14 1 .7 NS 5.3 :fr :!ll . 4.6 .. ..  '" A <  -.."'T ::;. � .  4 .4 .. .. z 

Resid ual 38 

Total number of observations = 92 
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Appendix 5.7 Mean values for chemical composition (% OM) and gross energy concentration 
(MJ/kg OM) of pre-grazing herbage from the three sward types (RG. lM & HM) during each of the 
e ight periods of measurement . 

Herbage parameter 

Sward N Ash N D F1 AOF1 Lignin 1 G E1 

Season type 0/0 % % % % MJ/kg 

1 98 7/88 
Early spring RG 2.3 1 1 .7 56 . 1  27.9 2.4 1 7.7 

LM 2 . 1  1 0.0 58.1 28.2 3 .6 1 7.9 
H M  1 .9 8.3 62.7 32.3 3.8 1 8 . 1  

late spring RG 1 .9 1 0.6 55.5 29.5 3 . 1  18 . 1  
LM 2 .0  9 .2  57.5 3 1 .9 4.0 1 8 .0 
HM 1 .8 9 .7 60.0 33.5 4.0 18 .2  

Summer RG 2 .2  9 .2 5 1 .9 26.4 3 .7 1 8.5 
LM 1 .9 1 0.0 60.6 32.2 4.6 1 8.4 
H M  1 .7 9 . 1  64.7 33.8 4.5 1 8.2  

Autumn RG 2.6 1 1 .3 5 1 .8 26.5 3 . 1  1 8 .0 
LM 2 .6  1 2 .0 56.7 29.9 3.8 1 8 .3 
H M  2 .3 1 1 .2 60.1  3 1 .8 4.2 1 7.9 

1 988/89 
Early spring RG 3 . 1  9 .0 46.2 24.6 3.7 1 9 .0 

lM 2.8 8.4 47.3 25.4 2.8 1 8 .6 
HM 2.5 8.3 54.8 28.5 2 .6 1 8 .6 

Late spring RG 2.4 9 .3 47.0 24.2 2.4 18 .2 
LM 2.0 7 . 1  54.6 28.5 4.3 1 8 .6 
HM 1 .8 7.2 58.8 3 1 .0 4.0 1 8 .5 

Summer RG 2.2 9 .0 50.5 25.6 3.6 1 8 .5 
LM 2 .3 9 .7 55.4 29.7 3 .9 1 8.3 
H M  2 .0 8 .4 62.2 32.9 5.3 1 8 . 1  

Autumn RG 3.0 9 .8 50.0 24.8 3.5 1 9.4 
LM 2.9 1 1 .4 46.8 25.5 3.8 1 8.5 
H M  2.7 1 0 . 1  50 .3 27.6 4.4 1 8.7 

S.E.  0.09 0 .45 NA NA NA NA 
Effects 

Block NS NS NA NA NA NA 
S eason *** *** NA NA NA NA 
Sward type *** NS NA NA NA NA 
Season x Sward type NS "*** NA NA NA NA 

1 Values are raw means from samples bu lked on treatment basis. 
N A  � Not applicable. 
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1 2  

S.E.M.I  

S.E.M. I 

Appendix 5.8 M e a n  v a l u e s  f o r  i n  v i t ro d i g e s t i b i l i t y  (% O M O ) a n d  e s t i m a t e d  
metabolisable energy concentration ((a) and (b) respectively) of pre-grazing herbage, a nd o f  
whole p lant ((e) a n d  (d) respectively} from e ach of the t hree sward types during each o f  the 
eight periods of  measu re ment. (R  = ryegrass swards, L = low mass Matua and H == high 
mass M atua swards; ES = early spring, LS = late spring, SM == summer, AU == autumn).  

(0) Dry molter 
(pasture) 

(b) .  M etabol isab le energy 
(pasture) 

85 

£80 
Li :..:; 
(f) 75 Q) 01 

U 
L. 70 Q) 

j::; o 

S.E.M. I 

E OCl_Wlv."1AI 
C-

(c) Dry matter 
( whole plant) 

o 60��������XJ����������OL�� 

,,-.... 
L o 

1 2  

JI'1 1 
'-.. -, 
6 1 0  
W 
L 9 

S.E.M. 1: 

(d)  Metabo l i sabl e  energy 
(whol e  p lant) 

R L H  R L H  R L H  R L Ii R L H  R L H  R L Ii R L H  

8 nw.'=�'��C�'M�������������W�� 
R L H  R L H R L H  R L H R L H  R L H  R L H  R L H 

ESB7 lBB] SHSD "U88 E888 USB SHOg Auelil 
S e a s o n  

E8-8? lit-a? BH-88 AU-88 ES-S8 L8-88 8N-au AU-8e 

S a a s o n  
S.E.M.  = largest standard error of the means. 
Within a season means bearing unlike letters (a, b, c) are significantly (P < 0.05) different. 



236 

Appendix 5.9 ANOVA table for total nitrogen (% OM).  metabolisable energy 
concentrations, and in vitro cftgestibility of ryegrass and prairie grass whole plants from the three 
sward types averaged across all eight seasons of measurement. 

Herbage parameter 

Source of Nitroge n  DMD OMD DOMO M E  
variation elf F Sign. F Sign. F Sign. F Sign. F Sign. 

Block 3 2.0 NS 2.6 + 2.8 * 3.4 .. 3.4 

Season 7 24.7 **. 1 8 . 1  .... 1 8 .2 .... 23. 1  23.1  .... . 

B lock x Season 2 1  2 . 1  * 1 .7 + 1 .7 + 1 .8 + 1 .8 + 

Sward type 2 1 4.8 • 1 9.4 20.8 .. 1 1 .3 1 1 .3 . -

B lock x Sward 
type 6 0.9 NS 0.6 NS 0.6 NS 1 .3 NS 1 .3 NS 

Season x Sward 
type 1 4  7.8 .... 1 1 .2 ... * 1 0.9 . ... 1 1 .9 1 1 .9 .. * 

Residual 3 8  

Total number o f  observations == 92  
+ Not significant at P < 0.05 but significant at P < 0 . 1 0 .  
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Appendix 5.10 Mean values (% OM) for chemical composition and gross energy concentration 
of ryegrass and prairie grass whole plants for each of the three sward types during each of the e ight 
seasons of measu rement. 

Herbage parameter  

Sward N Ash NOF1 AOF1 Lignin 1 GE1 •2 

Season type % % % % % 

1 987/88 
Early spring RG 2.3 1 0A 53.7 27.6 2 .0 1 8.4 

LM 2. 1 8 .7  53 .8  22.7 2.4 1 8 .4 
H M  1 .7 7.8 SO.7 31 .2 3 .2 1 8. 1  

Late spring RG 1 .9 1 0. 1  5S.1  28.0 2.2 1 8.2 
LM 1 .7 8 . 1  59 . 1  3 1 .8 3 .6 1 8.3 
H M  1 .9 8.9 58. 1  3 1 .0 3 .0  1 8 .4 

Summer RG 2.0 8.9 54.2 26.2 2 .5 1 8 .4 
LM 1 .9 9.9 58.9 30.4 3.7 1 8.2 
HM 1 .9 1 0.0 59.4 30.8 3 .7  1 8.2  

Autumn RG 2.S 9 . 1  50 .2 24.5 3 .2 1 8 .3 
LM 3 .3 1 1 .6 50 .6  23.0 2.6 1 8.4 
HM 2 .5 1 0 .8 55 .4 28.3 SA 1 7.8 

1 988/89 
Early spring RG 3 .0 7.8 47.4 24.7 3 .0  1 9.3 

LM 2.3 6 .5 5 1 .2 25.3 2 .6 1 9. 1  
HM 2 .3 6.9 54.1  27.5 2 .6  1 8. 6  

Late spring RG 2.3 9.2 48.5 24.7 2 .2 1 8.5 
LM 1 .4 6.3 58.3  30.6 4.4 1 8.5 
H M  1 .4 5.8 59.3 31 .4 4 .4 1 8 .3 

Summer RG 2.2 8 .9 50 .6  25.1 2 .5 1 8.2 
LM 2.3 9.7 54.7 28.0 3 .3 1 8 .3 
H M  2.3 1 0.0 56.4 29.5 3 .3  1 8 .3 

Autumn RG 2 .7  9 .9 49.7  25. 1  2 .6  1 8.5 
LM 3.0 1 1 .6 44.7 22.2 3 .0 1 8.5 
H M  2 .8 1 1 .4 4S.9 24.9 2 .6  1 8 .2 

S .E. 0 . 1 0 0.30 NA NA NA NA 
Effects 

Block NS NS NA NA NA NA 
Season *** *** NA NA NA NA 
Sward type ** NS NA NA NA NA 
Season x Sward type *** *** NA NA NA NA 

1 Values are raw means of samples pooled on sward type basis. 
2 M J/kg OM .  
NA = Not applicable. 
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Appendix 5.1 1 AN OVA table for total nitrogen (OM basis) ,  metabolisable energy 
concentration,  and digestibility of green leaf of ryegrass and prairie grass from the three sward 
types «(RG, LM & HM) averaged across al l  eight seasons of measurement. 

Herbage parameter 

Source of Nitrogen D M D  OMD DOM D ME 
variation df F Sign. F Sign.  F Sign. F Sign .  F Sign. 

B lock 3 3 .0  1 .3 NS 1 .5 NS 1 .8 NS 1 .8 NS 

S eason 7 9 .0 46.8 53.4 72.7 72.7 

Block x Season 2 1 2 . 0 1 . 1 NS 1 .2 NS 1 . 1 NS 1 . 1  NS 

Sward type 2 2 .0 NS 3.6 + 4 . 1  + 3 . 6  + 3.6 + 

Block x Sward 
type 6 1 .9 NS 0.4 NS 0.4 NS 0 .6 NS 0.6 NS 

S eason x Sward 
type 1 4  2.3 3 . 7  4.4 4 . 0  4 . 0  

Residual 38 

Total number of observations = 92; + Not significant at P < 0.05 but significant at P < 0. 1 0 . 

Ap pendix 5.1 2 ANOVA table for total nitrogen (% OM) ,  metabolisable energy concentration, 
and in vitro digestibil ity of green stem of ryegrass and prairie grass from the three  sward types 
during all eight seasons of measurement. 

Herbage parameter 

Source of N itrogen D M D  OMD DOM D ME 
variation df F Sign. F Sign. F Sign. F Sign. F Sign. 

Bloc 3 4 . 1  0 . 9  NS 0.9 NS 0.7 NS 0 .7 NS 

Season 7 2 1 .7 1 6 .7 1 5 .5 1 6. 6  1 6.6 

Block x Season 2 1 .7 NS 1 .4 NS 1 . 5 NS 1 . 4 N S  1 .4 NS 

Sward type 2 1 .8 NS 1 1 .8 . .  
1 3 .3 8 .7 . 

8 . 7  

Block x Sward 
type 6 1 .3 NS 0.8 NS 0.9 NS 1 . 1 NS 1 . 1 NS 

Season x Sward 
type 1" 4  5.4 3 .9 3.9 3 . 2  3.2 

Res idual 38 

Tota l  number of observations = 92 
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Appendix 5.1 3 Mean values for nitrogen, ash and metabolisable energy concentration, and in vitro digestibil ity of green leaf of ryegrass and prairie grass during the eight seasons of 
measurement , averaged across al l  three sward types (RG, LM and HM) .  

Herbage parameter 

Nitrogen Ash DM D OM D DOM D M E1 
Season % DM % OM % DM 0/0 0/0 0/0 

1 987/88 

Early spring 3 . 1  b 3.4b 9 .9b 
71 .4a 75.8a 67.2a 1 1 .0a 

Late spring 3 .0bc 3 .3bc 1 0 .9a 67.Sb 73 .3b 
63 .2b 1 0 .3b 

Summer 2.7c 3 . 1  c 1 1 .0a 64 .6c 70.Sc 60.3c 9.8c 

Autumn 3.7a 4 . 1  a 1 0 .9a 69.5a 74.5ab 64.7b 1 0 .5b 

1 988/89 

Early spring 3.2ab 3 .4b 7 .9c 78 .8a 82.6a 77.2a 1 2.6a 

Late spring 3.0b 
3 .3b 

8 .7b 
73 .Sc 77.9c 70 .7bc 1 1 .Sbc 

Summer 2.9b 3 .3b 1 0 .3a 73.7c 77.9c 69.8c 1 1 .4c 

Autumn 3.4a 3 .8a 1 0 . Sa 76.Sb 
80 .2b 

72 .0b 1 1 .7b 

S .E .  0. 1 0  0 . 1 1 0 . 27 0 .70 0 .56 0 .66 0 . 1 1 

Sign. level 

a,b,c M eans within a column within a year bearing d ifferent letters differ significantly at 
P < 0 .05. 

1 MJ/kg DM.  
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Appendix 5.1 4 Mean values for nitrogen,  ash and metabolisable energy concentration and in vitro 
digestib i l ity of green stem of ryegrass and prairie grass during the eight seasons of measurement, 
averaged across all t hree sward types (RG, LM and HM) .  

Season 

1 987/88 

Early spring 

Late spring 

Summer 

Autumn 

1 988/89 

Early spring 

Late spring 

Summer 

Autumn 

S .E. 

Sign. level 

Nitrogen 
% DM % OM 

1 .3c 1 .4c 

1 .2c 1 .3c 

1 . 6b 1 .8b 

2. 1 a 2.3a 

1 .8ab 1 .9b 

U C 1 . 2c 

1 .7b 1 .8b 

2.0a 2.2a 

0.08 0 .09 

Herbage parameter 

Ash 
% DM 

7. 1 c 

7.Sbc 

7.8ab 

8.2a 

6.3c 

S .Sd 

7.4b 

8.3a 

0 . 1 8  

DM D 
% 

68.6b 

66 . 1 c 

68 .9b 

72 .Sa 

74 . 1 a 

66 .8b 

67 .6b 

72.3a 

0 .68 

OM D 
% 

73.7bc 

72 .6c 

74.9b 

76.9a 

78 .9a 

72 .Sc 

72 .8c 

76 .6b 

0 .60 

DOM D 
% 

66.0b 

63.8c 

66.Sb 

69 . 1 a 

73 .Sa 

66.0c 

6S . 7c 

69 .6b 

0 .73 

a,b ,c,d Means within a column within a year bearing different letters differ signif icantly at 
P < 0.05. 

1 MJ/kg DM. 

1 0 .8b 

1 0 .4c 

1 0 .8b 

1 1 .3a 

1 2 .0a 

1 0 .8c 

1 0.7c 

1 1 .3b 

0. 1 2  
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Appendix 5. 1 5  A. Proport ions of leaf. stem and dead material contained in four vertical 
strata (expressed as % of DM) during (a) early spring, (b) late spring, 
(c) summer and (d) autumn, averaged across two years. 

(a) Early Spring 

Sward type 
Stratum/Herbage S.E. Sign. 

component R G  LM HM 

0-6 em Leaf 0 . 1 9a 0.06b 0 .04b 0.022 *** 
Stem 0 . 5 9a 0 .48b 0 . 44b 0.026 * 
Dead 0 . 2 2c 0.46b 0 . 5 1 a 0 .023 *** 

6- 1 8  em Leaf 0 . 72a 0 . 3 1 b 0. 1 5c 0 .020 *** 
Stem 0.22c 0 . 40a 0 .52a 0 .026 * 
Dead 0 . 0 7b 0 . 29b 0.34a 0 . 0 2 3  *** 

1 8-30 em Leaf 0 . 96a 0 . 55b 0.43b 0 . 092 * 
Stem 0 . 0 4b 0.33ab 0 . 38a 0 . 095 NS 
Dead Ni l  0 . 1 3a 0. 1 9a 0 . 0 1 9 * ** 

3 0  + em Leaf Nil  0 . 65 0.67 0 . 058 NS 
Stem Ni l  0 . 28 0 .30 0 . 045 NS 
D ead Ni l  0 . 0 7  0.04 0 . 038 NS 

a.b,cln this table and the next three tables means in a row with unlike sup�rseripts d iffer 
s i gnificantly (P < 0 . 0 5). 

+ , P < 0 . 1 0 ;  * , -p < 0 . 0 5 ;  * *, P < 0 . 0 1 ; ***. P < 0 . 0 0 1  for this table 

(b) Late Spr ing 

Sward type 
Stratum/Herbage S.E. S ign. 

component RG LM HM 

0 - 6  em Leaf 0 . 1 78 0. 1 4a 0.03b 0 . 0 22 ** 
Stem 0 . 5 1 8 0 . 42a 0.39a 0 . 0 3 8  NS 
Dead 0 . 3 1 c 0.44b 0.57a 0 . 0 3 1  * ** 

6- 1 8  em Leaf 0 . 5 4a 0.33b 0. 1 T  0.022 * *  
Stem 0 . 3 48 0.44a 0 . 478 0.038 NS 
Dead 0 . 1 1 c 0 . 2 3b 0.3� 0. 0 3 1  * * *  

1 8- 3 0  em Leaf 0.60a 0.36b 0.32b 0.079 NS P = 0.09 
Stem 0 . 3 9  0 . 5 4  0.50 0.078 NS \ 
Dead 0. 0 1 b 0 . 1 0a 0. 1 8a 0 .025 ** \ 

3 0  + em Leaf 0 . 4 2  0. 1 8  0.28 0 . 1 8 2  NS 
Stem 0 . 5 7  0.72 0 .66 0 . 1 37 NS 
Dead 0 . 0 1 b 0. 1 0a 0. 06ab 0 . 0 1 7 * 
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(c) Summer 

Sward type 
Stratum/Herbage S.E. Sign. 

component RG LM HM 

0 - 6 em Leaf 0. 1 9a 0.08b 0.02b 0 . 0 3 1 '" 
Stem 0 . 3 5  0 . 2 7  0 .30 0 . 035 NS 
D ead 0.46b 0.653 0.69a 0 . 0 4 5  + 

6 - 1 8  em Leaf 0 . 59a 0 . 46b 0.29c 0 . 0 3 1  '" 
Stem 0. 1 5 0. 1 6  0.24 0 . 035 NS 
D ead 0 . 26b 0. 38a 0.48a 0 . 045 + 

1 8  - 30 em Leaf 0 . 27b 0 . 49a 0.4 1 a 0 . 03 9  + 
Stem 0 . 76a 0.32" 0.22b 0 . 068 '" 
Dead Ni l  0. 1 9b 0.37a 0 . 0 3 1  "' *  

3 0  + em Leaf Ni l  N i l  0 . 1 4  0. 1 09 NS 
Stem 1 . 00 0.59 0.26 0. 438 NS 
Dead Ni l  0 . 4 1  0 . 60 0. 540 NS 

( d) Autumn 

Sward type 
Stratum/Herbage S.E. S ign.  

component RG LM HM 

0 - 6 em Leaf 0 . 26a 0. 1 6a 0.04c 0 . 0 2 2  * '"  
Stem 0 . 3 3  0 . 3 4  0.29 0.020 NS 
Dead 0 . 4 1 c 0.5 1 b 0.67a 0 .0 1 7 "' *  

6 - 1 8  em Leaf 0.88a 0.63b 0.45c 0 . 0 2 2  "' *  
Stem 0 . 0 3c 0. 1 4b 0.223 0.020 * 
Dead 0.09c 0.24b 0.33a 0. 0 1 7 * *  

1 8  - 3 0  em Leaf 1 . 0 0a 0.77b 0.68b 0.049 ' * 
Stem Ni l  0 . 1 6a 0. 1 3a 0 . 026 * 
Dead 0 . 0 4  0.06 0.20 0.075 NS 

30 + em Leaf N i l  0.42 0.47 0 . 1 08 NS 
Stem N i l  0.56 0 . 4 1  0 . 1 09 NS 
Dead N i l  0 . 02 0. 1 2  0.046 NS 



Appendix 5.1 5 : 8 Tile dig estibil i ty and concentrat ion of ni troge n  (% d ry weight) of t h e  pre -g razing herbage from fou r  vertical s trata of the three 
sward types ( R G ,  LM & H M ) ,  averaged across two ye ars of measurement (Values are raw means). 

Herbage p a rameter/Swa rd type , . 
% N  % O M D  % D O M D  

Stratum 
RG LM H M  R G  L M  H M  R G  L M  H M  

Early Spr ing  

0-6 em 2. 1  2 .0  1 .5 65.4 54.7 48.9 60. 1 5 1 .8 46.9 

6-1 8 em 3 .3 2 .9 
' 

2 .0  75.9 74 . 5  65.2 68.8 67.8 60.0 
1 8-30 em 4 . 0  2.9 2 .4 85.4 78.2 77.0 76.3 7 1 .2  69 .8 
> 30 em NIL 2 .0  2 .5  NIL 74.7 78.0 NIL 68.2 70.6 

Late Spr ing  

0-6 em 1 .4 1 .7 1 .5 50.4 56. 1 40 .5  54 .6  53.2 47.0 
6- 1 8  em 2 . 1  2 . 1  1 .0 69 . 7  70 . 1  63 .5 63.8 64 . 5  59.2 
1 8-30 em 2 .6  2 .4  2 .2  76.0 74.3 67.9 68.7 67.9 62.4 
> 30 em N I L  2.7 2 .0  NIL 74.3 66 . 1  NIL  68 .2  6 1 . 6 

Summer 

0-6 em 1 .9 1 .8 1 .7 62.2 49.2 48 . 1  57.8 46 .8  45.9 
6- 1 8  em 2.7 2.4 1 .9 75 .3  64 .4  60.0 68 . 1  58 .4 54.6 
1 8-30 em 1 .9 2.4 1 .9 65.7 69 .6  63 .0 60.4 62.6 56.6 
> 30 em N IL  2.0 1 .7 NIL 60.2 63.4 NIL  56 .0  50 . 1  

Autum n  

0-6 e m  2 .0  2 ,4  1 .7 59.2 57.7 5 1 .0 54 . 1  52.7 47.0 
6- 1 8  em 3.2 3 .5  2 .4  74 .9 70.0 69 . 2  67.4 68 .9 6 1 .9 N A 
1 0-30 em NIL '1 .0 3.0 NIL 00.7 ' 73 . 6  NIL 69 .0 65.5 w 
> 30 em NIL  N IL  2 .4  NIL N IL  72. 1 NIL N IL 64 .6  



Appendix 5.1 6 Effects of sward type and period of me
.
asurement o n  t i l ler and plant popu lation de nsity, t i l ler  weight ,  t i l le rs per plant , net herbage 

production ( N H P) ,  rate o f  green herbage accu mulat io n  (GHA) , and rate of total herbage accumulation (THA) of M atua prairie 
gr�ss pastu res.  (Largely adapted from Xia,  1 9 9 1 ) .  

Sward type Ti l lers! Plants! Ti l lers! Weig ht! N H P  G H A  THA 
Period m 2  m2 P lant  t i l le r  (mg)  g D M!m2 9 D M!m2 9 D M!m2 

da l ly  da l ly  dal ly 

ESP LM 447 25 24 .4 322 2.4 2.6 2.6 

HM 457 1 6  33.3 678 5 .6 4 .4 4.6 

(S .E . )  " (58.2'-

LSP LM 394 1 4  1 9 .8  1 03 0 .2  0.2 -0 . 1  
HM 496 1 2  33 .6  398 1 .4 0.6 0.9 

( S . E .) ( 1 7 .3)· ·  

SMR LM 408 1 4  26 .2  1 1 6 0.9 2.0 2.0 

H M  647 1 2  4 4 . 9  1 48 1 .6 3 . 1  2.3 

(S .E . )  ( 1 6 .4)  NS 

AUT LM 7 1 3  NM N M  1 1 6  N M  NM NM 
HM 654 NM NM 1 32 N M  N M  NM 

(S. E .) ( 4 . 1  ) 

Pooled S . E .  65 1 .0 2 .3  0.49 0. 1 0  0.34 

Treatment + + • • • •  

Period . . .  . . .  . . .  

Treatment x N S  • •  N S  NS • •  NS 
Period 

Footnotes ESP : early spring (Sep-Nov) ; LSP: late spring ( Nov- Dec) ; S M R :  Summer (Jan-Feb) ; AUT: Autumn (March-Apr) ; NM: Not 
measured. 

+: P < 0. 1 0 ; · :  P < 0 .05 ;  • •  : P < 0 .01 ; • • •  : P < 0 .00 1 ; N S :  No significant difference ( P  > 0.05) .  N A A 
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Appendix 6.1a ANOVA table for daily herbage allowance and apparent herbage intake (kg/cow) of cows 
from the three sward types, averaged across all eight seasons of measurement. 

S ource o f  
variation 

S eason 

S w ard type 

S eason x 
S ward type 

Residual 

1 Green matter 2 Green leaf 

d f  

7 

2 

1 4  

327 

DM 
F S ign. 

1 2. 1  * * *  

1 .2 NS 

2.9 * * *  

Total n umber of observations = 351  

OM 
F 

12 . 1  

0.5 

3.2 

Herbage allowance 

Green l Leaf2 DOMD Intake 
S ign. F Sign. F Sign. F S ign. F Sign. 

* * *  1 33.4 * * *  235.5 *** 5.6 * * *  1 .9 NS 

NS 1 63.8 * * *  899.9 * * *  30.8 * * *  5.S * *  

* * *  10 . 1  * * *  9.5 * * *  4.0 * * *  0 .6  NS 
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Appendix 6. 1 b Mean values for daily pasture allowance (kg OM/cow) given to the 
cows grazin g  on each of the three sward types during each of the 
eight periods of measurement. 

S eason Sward type 
S.E.  S ign.  

RG LM HM l evel 

1 987/88 

ESP 49.3 48.2 48. 1 0.97 NS 
LSP 52.3 5 1 . 5 52.3 0.94 NS 
SMR 52.3 5 1 .7 5 1 . 2  0.97 NS 
AUT 53.0 5 3 . 4  52.5 1 . 1 6  NS 

1 988/89 

ESP 46.0b 4 3 . 3b 5 1 .63 1 . 27 ** 
LSP 52.28 5 3.98 48.7b 1 . 07 * 
SMR 50.6 49.8 48.9 1 . 03 NS 
AUT 49.6a 47.9ab 46. 1 1 .07 * 

a,b Means in a row with unl ike s uperscripts differ significantly (P < 0. 05). 

ESP = Early spring; LSP = Late spring; SMR = Summer; AUT = Autumn 

*, P < 0 . 0 5 ;  ** , P < 0 . 0 1 ; NS, not significant (P > 0.05). 

A p p endix 6. 1 c Mean values for daily apparent dry matter intake (kg OM/cow) by 
cows grazing on each of the three sward types, during each of the 
eight periods of measurement. 

Sward type 
Season S.E.  Sign.  

RG LM HM level 

1 987/88 

ESP 1 6. 8  1 7.7 1 6. 9  0.88 NS 
LSP 1 6. 4  1 8.2  1 7. 3  0 . 9 1  NS 
S MR 1 7.2 1 9. 4  1 8.6 0.88 NS 
AUT 1 6. 4  1 7. 3  1 8. 7  1 .0 5  NS 

1 988/89 

ESP 1 5.8b 1 8. 7a 1 6. 9ab 1 . 1 5  + 
I I LSP 1 7. 7  1 8. 9  1 7.0 0. 9 7  NS 

SMR 1 8. 4  2 0 . 5  1 9. 0  0 . 9 4  NS 
AUT 1 7.8ab 1 8 .33 1 6. 1 b 0.97 + 

s,b Means in a row with unl ike superscripts differ significantly (P < 0. 05). 

ESP = Early spring; LSP = Late spring; SMR = Summer; AUT = Autumn 

+ ,P < 0 . 1 0 ;  NS,  not significant (P  > 0.05) 
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Appendix 6.2 M ean values for daily herbage allowance and apparent feed intake (kg/cow) during 
the eight experimental periods (seasons) . averaged across the three sward types (RM, LM & HM). 

Herbage allowance 

OM OM Green 1 Leaf2 OOMO Intake 
Seasons kg/cow kg/cow kg OM/cow kg OM/cow kg/cow kg OM/cow 

1 987/88 

Early spring 48 .5b 43.7b 39.9a 1 8 .8a 3 1 .4b 1 7.2 
Late spring 52.0a 46.9a 37.iJ 1 6. 1 b 32.0ab 1 7.3 
Summer 5 1 .7a 46.9a 28.-r: 1 5 .3c 31 .2b 1 8 .4 
Autumn 53.0a 46.9a 28.-r: 1 9.0a 32.7a 1 7.4 

1 988/89 

Early spring 46.9c 42.9c 38.0
b 26.3a 32.0b 1 7. 1  

Late spring 5 1 .6a 47.5a 43.0
a 1 9.8b 33.4a 1 7.9 

Summer 49.8b 45.2b 32.4d 20.1 b 30.3c 1 9.3 
Autumn 47.8c 42.8c 34.8c 25.9a 32.0b 1 7.4 

S .E. 0.60 0 .55 0.46 0.26 0.40 0 .66 

Sign .  level . . .  N S  

a ,b ,c,d M eans within a column within a year bearing different letters differ significantly 
at P < 0.05 

1 G reen matter 
2 Green leaf 
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A pp endix 6.3 ANOVA table for dai ly y ields of m il k  and mi lk solids (kg/cow), and compos iLion of 
m i lk (%) from the three sward types (RG ,  LM & HM), averaged across all eight  seasons of measurement. 

Milk production Milk composiLion 

Source of Milk Fat Protein Lactose tal ProLein 
variation df F Sign. F S ign. F S ign. F Sign. F Sign. F S ign. 

S eason 7 0.6 N S  2. 1 * 1.0 NS 1 .0 NS 2.1  * 7.3 * * * 

S ward type 2 75.3 * * *  50.8 *** 92.4 * * *  63.7 * * * 0.9 NS 5.8 ** 

Season x 
S ward type 14  3.2 * * *  2.6 ** 2.7 ** 3.0 * ** 0.7 NS 1 .4 NS 

Cova'riance 
(season) 8 76.8 * * * 48. 1 * * *  45.4 * * * 68.2 *** 69.5 *** 75.8 *** 

Residual 1 60 

Total number of observaLions = 1 92 

Appendix 6.4 · ANOVA table for change in liveweight (kg/cow) and condition score of cows 
o n  the three sward types during each experimental period, averaged across all eight seasons of 
measurement. 

Liveweight change Condition score 
change 

Source of variation df F Sign. F Sign. 

Season 7 0.9 NS 2.4 

Sward type 2 0.5 NS 3.8 

Season x Sward type 1 4  1 .4 NS 1 .0 NS 
\ 

Covariance (season) 8 3.9 
.*. 2.6 

Residual 1 60 

Total number of observations 1 92 
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Appendix 6.5a Calculation of ME (MJ/cow dai ly) required to sustain animal 
production levels achi eved.  averaged over all the eight measurement 
periods (After MAFF, 1 975) . 

ME al lowance 
Whereby Mm 

and W 

FCM 

MY 

FY 

Parameter 

Liveweight (kg/cow) 
Liveweight gain (kg/d) 
M i l k  yield (kg/d) 
M i l k  fat yield (kg/d) 
Mm (MJ ME) 
M,  (MJ ME) 
Mg (MJ ME) 
ME requirement (MJ/d) 
ME of d iet (M/O)1 
OMI requirement (kg/d) 
O M I  estimate (kg/d) 
M�1 (MJ/d) 
ME1 above requirements 

Mm + M, + Mg (MAFF. 1 975) 
maintenance requirement (+  activity and safety margin) 

8.3 + 0 . 0 9 1 W  

requirement for milk production 

FCM x 5 . 3 1  

requirement for l iveweight gain 

+ 3 4  MJ/kg gain 
- 28 MJ/kg loss 

l iveweight of cow (kg) 

fat corrected mi lk 

0 . 4  MY + 1 5  FY 

mi lk yield (kg) 

mi lk  fat yield 

RG 

459 
0. 1 5 1  

1 7.9 
0.79 
50. 1 

1 00 . 9  
+ 5 . 1  
1 56 . 1  
1 1 . 2  
1 3. 9  

1 7  
1 90 

(MJ/d) 3 4  

Sward type 

LM 

455 
0 . 1 1 3 

1 7. 4  
0.77 
49.7 
98.2 

+ 3.8 
1 5 1 . 7 
1 0. 7  
1 4.2 
1 8. 6  
1 97 
47 

HM 

465 
0.073 

1 5. 9  
0.69 
50.6 
88.7 

+ 2.5 
1 4 1 . 8 
1 0. 4  
1 3. 6  
1 7.6 
1 83 
4 1  

ME concentration of d iet was estimated from the ME concentrations of individual d iet 
components (Table 6. 1 b) as calcu lated from their respective OOMO values (Tables 5. 1 3. 
5 . 1 4  and 5. 1 6) (MAFF. 1 984) . when sampled at ground level .  
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Appendix 6.5b Calculation of daily metabolisable energy requirements of cows 
grazing on the three sward types, averaged across periods. 
(Assumptions according to Holmes and Wilson, 1 984) 

Liveweight (kg) (Friesian) 
Metabolic weight (LW 0.75) 

Assumptions 

ME maintenance (MEm) 

= 0 . 6  MJ x LWO.75 

M E  gain (MEg) 

= 38.5 MJ/kg LW gai n  

(3 2  MJ/kg LW loss) 

ME lactation (ME,) 

(4.8 MJ/k g  milk - Friesian) 

(5 . 7  MJ/kg milk - Jersey) 

M E l  and DMI requ irements' 

M E  requirements (MJ/cow/d) 
{MEm + MEg + MEJ 

ME of diet (MJ/kg DM) 

O M I  requirements (kg/cow/d) 

O M I  (kg/cow/d) 

M E l  (MJ/cow/d) 

MEl  above requirements 
( MJ/cow/d) 

O M I  above requirements 
(kg D M/cow/d) 

RG 

459 
99.7 

59.8 

+ 5.8 

85.9 

1 5 1 .5 

1 1 .2 

1 3. 5  

1 7.0 

1 90 

39 

3.5 

Sward type 

LM 

455 
98.8 

59.3 

+ 4.4 

83.5 

1 47.2 

1 0. 7  

1 3.8 

1 8. 6  

1 9 7 

52 

4.8 

HM 

465 
1 0 1  

60.6 

+ 2.8 

76.3 

1 39.7 

1 0.4 

1 3. 4  

1 7.6 

1 83 

43 

4.2 
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Milk production by cows grazing on Matua prairie grass (Bromus 
willdenowii Kunth) pastures maintained under different managements 

V.K. RUGAMBW A, C.W. HOLMES, A.C.P. CHU AND H. V ARELA-AL V AREZ 

Massey University, Palmerston North 

ABSTRACT 

Perermial ryegrass (RG) and Mama prairie grass sw�rds of low (LMPG) .:00 high (H.\1PG) pre-grazing herbage masses were ccrnpared in 8 
grazing trials (2-3 weeks) during early spring, late spring, summer and autumn (1 987/88 and 1988/89)lOassess their feeding values. Pre-grazing 
masses were approximately 3000, 4000 and 5500 kg DM/ha for RG, L\!IPG and HMPG treatments, respectively. Friesian cows (8 perlre3lment) 
were allowed 50 kg DM/cow/d. Mean concenlntions of N (% in OM) and OMD (%) for RG. LMPG and HMPG herbage were 2.7, 2.6, 2.3 
(s.e.lsm 0.04, P < 0.00 I) ;  and 74.7, 73. 1 and 70.7 (s.e. 0. 18 ,  P < 0.00 I) ,  respectivdy. HMPG values were lowest during all seasons and wert: 
influenced by high compositions of dead material, low leaf:stem ratios and low compositions of clover in the swards. 

Daily yields of milk and protein on RG swards were 3% higher (P < 0.05) than L'vIPG yields, and I I  and 13% higher (P < 0.001). 
respectively than those ofHMPG swards. Milkfat yields were similar on RG and L\!IPG swards, but were 1 1 %  lower(p < 0.001) on the H.\!IPG 
lreatmenL The results indicate that leafy prairie grass and leafy ryegrass swards have similar feeding and productive values. Further research 
is needed on Matua' s persistence under grazing. 

Keywords Matua prairie grass; ryegrass; herbage mass; season; sward composition; milk production. 

INTRODUCTION 

'Grasslands Matua' prairie grass (Bromus willdenowii 
Kunth) was released in New Zealand as a high yielding, 
cool and summer season active, high nutritive value 
pasture cultivar most suited to lax-infrequent grazing 
(Rumball, 1974). More recent work with sheep (Frazer, 
1985; Alexander, 1985), dairy cows (Brookes and 
Holmes, 1986) and with bull beef (Cosgrove and 
Brougham, 1988) has raised questions on Matua's 
feeding value, and on levels of pasture utilization when 
grazed laxly to ensure persistence. The current practice 
has been to graze more intensively with long rest 
periods (Alexander, 1985; Matthews, 1986) or to graze 
intensively only after replacement tillers have emerged 
at the base of the sward (Black and Chu, 1 989). 

There is very little information on the effects of 
grazing regime on Matua's persistence, herbage com
position, �d production per cow or per hectare in 
dairying situations. The limited data available show 
that production of milk and milk solids from cows full y 
fed on Matua/clover pasture is either equal to (Wilson 
and Grace, 1 978) or lower than that of cows equally fed 
on perennial ryegrass/clover pastures (Brookes and 

Holmes, 1986; Sellars, 1988). This paper is a prelimi
nary report of results from a two year com parati ve s tud y 
of the composi tion of Matua prairie grass/white clover 
swards maintained under two grazing managements 
and of perennial ryegrass/c1over pasture; and of m ilk 
production by cows grazed generously on the three 
sward types. 

MATERIALS AND METHODS 

Swards and Treatments 

Eightshorttermgrazing triaIs were conducted at Massey 
University's Dairy Cattle Research Unit between Octo
ber 1987 and April 1989 with spring calving Friesian 
cows. The experimental swards comprised of well 
established perennial ryegrass (Lolium perenne L.) 
swards grown with white clover (Trifoliwn repens L.), 
and one year old Matua prairie grass/white clover . 
pasture on a well drained Tokomaru silt loam soil. Each 
of four Matua paddocks (0.8 ha each) were divided into 
two parts in late August 1987. Differential grazing was 
imposed in early September in order to create and 
maintain either low mass, LMPG (1 .5-2.5 t DMJha 



residual herbage mass (RHM) or high mass, HMPG 
(2.5-3.5 t RHM) Matua prairie grass sward types. Four 
similar size ryegrass paddocks, previously subjected to 
conventional management and adjacent to the Marua 
swards, constituted the control treatment, RG ( 1 .0-2.0 
t/ha RHM). Target pre-grazing herbage masses for RG, 
UvfPG and HMPG were 2.0-3.5, 3 .0-4.5 and 4.5-6.0 1/ 
ha.. respectively. When deemed necessary, UvIPG 
paddocks were either regrazed, topped or both to ap
proximately 1 .5 t/ha RHM: (5 cm height) within 24 h 
after experimental grazing. One dressin g of l5 % potaSSic 
superphosphate (375 k:g/ha) and two of urea (25 kg N/ 
ha each) were applied in autumn and during autwnn and 
early spring (1987 and 1988), respectively. 

During each of two years the three sward types 
prepared as described above were grazed by three 
groups of lactating cows (8 per treatment), for 2-3 
weeks in early spring (September/October), late spring 
(OctoberlNovember), summer (December/February) 
and autumn (March/May). The cows were selected 
before each trial and grazed as a group on ryegrass/ 
clover pasture for a two week: covariate period, and 
thereafter randomly allocated to the treatments. A 
common herbage allowance of 50 kg Dtvf/cow/d was 
given in daily breaks during the experimental periods. 

Measurements 

Herbage mass was estimated every two days within 36 
h before and after grazing by cutting (to ground level) 
eight 0.247 m2 quadrats along a transect using a motor 
po wered shearing handpiece. Cut herbage was imme
diately w ashed, dried at 80°C for 36-48 h and weighed. 
Snip samples of pre- and post-grazing herbage adjacent 
to each quadrat were cut to ground level, sub-sampled 
and washed for determination of chemical composition 
and morphological components. Chemical analyseS 
and in vitro DMD and OMD determinations (Roughan 
and Holland, 1 977) were performed on freeze dried 
samples ground through a 1 mm sieve and bulked 
within replications. Total N and ash were measured by 
the Kjeldahl technique and by incineration in a muffle 
furnace * 500°C for 16-18 h ,  respectively. Acid 
detergent fibre (ADF) and lignin were estimated ac
cording to Robertson and Van Soest (198 1). 

Milk yields for each animal were measured 
twice daily on 2 and 3 consecutive days per week: during 
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the two week: covariate and the experimental periods, 
respectively, using a proportioning Milk Meter (TruTest 
Co., N.z.). Milk composition was assessed by infra-red 
absorption (Milk-O-Scan, A.S NFoss, Denmark). Cows 
were weighed and condition scored on two consecutive 
days at the stan and end of each experimental period. 
Apparent herbage intakes were estimated from the 
difference between pre- and post-grazing herbage 
masses. 

Sta tistical analysis 

Data for sward measurements, herbage intake and indi
vidual animal performance were examined by analysis 
of variance or covariance (liveweight and condition 
score change with initial measurements as covariates). 
Milk yield and milk constituent data were analysed on 
seasonal basis by re�ted measures analysis with 
covariance and on pooled basis by analysis of covariance. 
Unless otherwise stated, data are presented as least 
squares means. 

RESULTS 

Sward characteristics 

Mean pre- and post-grazing herbage masses for exh 
treatment are presented in Table 1. Herbage allowance 
was similar (P > 0.05) at 50.7, 50.0 and 49.9 (s.eJsm 
0.4) k:g DM/cow/day for ryegrass, low mass and high 
mass prairie grass treaunents, respectively. 

The mean botanical composition and morpho
logical components of the swards are also shown in 
Table 1 .  There were significant (p < 0.(01) tre3tment 
x season effects on the proportion of green leaf relative 
to stem of the herbage on offer. The ryegrass swards 
had the largest (p < O.Ol) proportion ofleaf(23 and 36% 
higher vs LMPG and HMPG, respectively) during all 
seasons except in late spring when low mass Matua had 
a similar (Year One) or a higher:, P < 0.00 1 ,  Year Two 
leaf:stem ratio compared to ryegrass swards. The 
leaf:stem ratio was lower in high mass than low mass 
Matua treatments, and was lowest in the LMPG treat
ment during summer. The proportion of dead material 
in the swards was greatest (p < 0.05) in the HMPG 
treatment irrespective of season; that ofRG swards but 
lowest in most seasons but was similar to the LMPG 
treatment (p >  0.05) during late spring. 
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Chemical composition 

The mean chemical composition of herbage on offer is 
presented in Table 2, with data on the pattern of OM 
digestibility in Figure 1 .  The OM digestibility of 
ryegrass and low mass Matua swards was similar (P > 
0.05) during spring (Year One) and during autumn 
(Y� Two); otherwise it was greater (P < 0.05) on the 
RG treatment during the other seasons, the mean dif
ference, however, was small (Table 2). The tllvlPG 
treatment had the lowest values for OM digestibility (P 
< 0.0 1 )  during all seasons, while that of �!.atua swards 
dropped markedly during summer in comparison to 
ryegrass pastures. The nin-ogen concentration of the 
herbage in RG and LMPG treatments was similar (P > 
0.05) during five of the eight seasons, and the difference 
between means was small (P = 0.(4) in favour of RG 
swards (Table 2). The high mass Matua tre.Jrrnent had 
the lowest (P < 0.01 )  concentration ofN throughout the 
experiment. 

• RG 
Max.  S E  :r: 

- I� . 
, 

� r� 
1 2 3 

1 987/88 

ta LMPG 

i 
I!'!  I � �. I'! .. 

� It 
I �  I � 

4 1 
SEA SON 

O ,HMPG 
, 

I) 11 .� I � 

Ii . 
2 3 
1 988/89 

I� t 
I '� 
! � 

I I !' 

I� 
4 

Fl G 1 Influence: of sward type: and se.:>son on the: O.'t{ digestibility 

of he:rbage: on offe:r (I , c::lrly spring; 2, late: spring; 3, summer; 4, 
autumn). 

An imal performance 

The effects of sward type on milk production are given 
in Table 3. 'The seasonal m ilkfat yields are shown in 
Figure 2. Yields of milk, m ilkfat, protein and lactose 
were, respectively, 1 1 , 12, 1 3  and 1 1  % less (P < 0 .(01) 
o n  the high m as s  Matua trearrnent, and � except 
milkfat, (3% not 9% and P <  0.05 not O.O I{on low mass 

.... 

Marna compared to the ryegrass treatment Milkfat 
yields on the RG and LMPG swards were similar (P > 
0.05) during all seasons except during late spring when 
LMPG yields were higher in Year One (P < 0.05). Tne 
3% decline in mean yields of milk, milk protein and 
lactose on the low mass Matua tre.Jtment relative to the 
ryegrass yields was generally insignifi.cantexcept during 
summer. Repeated measures analysis of milk produc
tion data failed to detect any time effects or consistent 
time x trearrnent interactions on the response of cows to 
the tre.Jtments during each se.Json. 

'"' 
1 .0 • RG 0 LMPG u HMPG 

.:z 0 .9 M a x .  S E  :c 
;: o � 0.8 
� r � 0.7 

t-:I: 
-..: 0.6 
� I :::: 0.5 
� I 0 .4��...-.....r.....:. ..... .t.....:.J1IL...l�L..I.."':"'---':"'.:..a-t....;:,...&.� 

1 2 3 4  1 2 3 4  
1 987/88 SEASON 1 988/89 

F1 G 2 Influence of sward type: and s<::lson on the yidd of milkf.[ 
( I ,  early spring; 2, lare spring; 3, summer; 4, aurumn). 

There were no treatment effects on milk compo
sition (Table 3) except milk protein which was lowest 
(P < 0.05) on the high mass Matua pastures. Similarly, 
the change in liveweight of the cows was not influenced 

TAB LE 2 M<::In chemical composition ofherb3ge on offer 

OM digesuoility (%) 
OM digesuoility (%) 
Ni[rogen (% of OM) 
Alh (% of OM) 
AOF (% of OM) 
Lignin (% of OM) 

ME (MJ!1cg OM)! 

Sward type: 
RG L'vIPG H..\lPG SE.'vI 

69.4 67.3 64.3 0.17· · '  
74.7 73. 1  70.7 O. I S· · ·  
2.7 2.6 2.3 0.04'" 

10.0 9.7 9.0 O.25NS 
29.2 32.0 34.6 0.92" 

3.5 4.3 4.5 0.24' 

10.7 10.4 10.0 0.03 ' "  

! M E  = %OOMO X 0.163 (MAFF, 1984) 
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TABLE 3 Me3Il animal production data 

RG 
Sward type 

L'APG IDtPG SE.VI: 

Mille yield OJcow/d) 

Mille constituent Yields 
F:ll (kg/cow/d) 
Protein (kg/cow/d) 
uctose (kg/cow/d) 

Mille composition 
Fat (90) 
Protein (90) 
uctose ('?O) 

uveweight change (kg/cow) 
Condition sam: change 

Feed inllke (kg DWcow/d) 

' 17.7 

0.78 
0.63 
0.84 

4.46 
3.63 
4.71 

+ 1.4 
+0. 1 

.!Ml 
J1.f) 

17.2 

0.76 
0.61 
0.82 

4048 
3.60 
4.73 

+O.Z 
0.0 

1 8.8 

TAB LE 1 MC3n bounicl composition and morphologic.J..l 

components of pastur<: on offer ('?O of DM), and sward herbage masses 
(t DWha (± SD» . 

Botanie:ll com>1Qsition 
Grass 
White clover 

Other species 1 

Sward type 
RG LVl:PG H..'APG SL'A 

65.3 6 1 .0 71 .9 1 .9(}" • 

16.9 1 6.5 122 0.94' 

17.9 226 15.9 1 .86' 

M0!J2holQgic,1 comQQ!]ent s  
Live leaf 
Live stem 
Le.:U:stem 
De:ld materi.J..l 

Herbage mass 
Pre· grazing 
Post-grazing 

1 Other gr.1sses and weeds I 

50.5 38.7 32.5 
26.6 33.4 32 1 
2.3 : 1  1 .5 : 1  1 .2:1  
23.2 28.0 36.7 

3.Z(0.7) 4.2(1 . 1 )  5.7(1 . 1 )  
2.1 (0.5) 2.2(0.8) 3 .6(0.8) 

1 . 13'" 
0.48'"  
0.03 ' "  
1 . 19'" 

by the sward types. The condition of cows on the 
H?v1PG treatment, however, decreased slightly (P < 
0.05) in comparison to the RG group (Table 3). The 
initial liveweights and condition score of the cows on 

15.7 0. 12' " 

0.69 O.O IZ··· 
0.55 O.�· · · 

0.75 0.006 ' "  

4043 O.o3:-';S 
3.55 0.02" If·74 O.OI:-';S 

+0.2 1 .04;-;S 
-D. I 0.04' 

17.6 � (;..:;� ot" 

the three treatments were similar P > 0.05, (me.:lI1 459 ± 
5 1  kg/cow and 4.6 ± 0.7, respectively). Apparent feed 
intakes did not differ significantly (p > 0.05) probably 
because of the high C. V. ( 19%). but tended to be greater 
on the MattIa swards. 

DISC USSION 

The differences in component composition, in particu
lar leaf:stem ratio and dead material, were reflected in 
the lower N concentration and OMD ofherbage on offer 
from the HMPG and LMPG treatments in comparison 
to the RG swards. The absolute differences between the 
RG and LMPG swards, especially during late spring 
and autumn, were small. Similar trends in MattIa's 
nutritive value have been reported by Hume (1990) 
under a cutting management. The nutritive value of 
Matua swards was lowest during summer and was 
much lower than RG swards. Cosgrove and Brougham 
(1988) have reported poor perfonnance of bull calves 
grazing Matua based pasrures during summer, in the 
North Island, while Fraser (1985) working with sheep 
observed good summer growth in the South Island. The 
summer period coincided with peak concentnltions of 
dead material, stem and other species in the Malua 
swards, which may explain the marked decline in herb-
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age quality. 
The daily herbage allowance (50 kg DM/cow) 

was generous and was planned to minimise restrictions 
on the cows' DM!. Dry matter intakes were slightly,� 
�signjf'Santly, higher on the Matua swards. Prairie 
grass has a greater proportion of leaf in the upper sward 
horizons (L 'Hui1lier et ai., 1986) and has a shorter rumen 
retention time (Cruickshank et ai., 1985) than perennial 
ryegrass, which may have contributed to the slightly 
higher intakes off the Matua swards. 

Cows on the HMPG swards produced lower 
yields of m ilk, fat. protein and lactose in both years, 
which may have been caused by differences in the 
nutritive value of herbage consumed since DMI did not 
differ significantly between the treatments. The feed
ing value of low mass Matua pastures, measured in 
terms of yields of milk, fat and protein was practically 
similar to that of perennial ryegrass pasture, particu
larly during late spring. 

CONCLUS ION 

Grazing Matua prairie grass at pre-grazing herbage 
masses above 4 t DM/ha resulted in swards with the 
highest concentrations of stem and dead material; and 
the lowest levels of white clover and pasture quality. 
Milk yields were depressed on these swards. At low 
pre-grazing masses, however, Matua swards were com
parable to perennial ryegrass swards in herbage quality 
and m ilk production. It appears that the feeding value 
of Matua pastures declines more slowly with repro
ductive growth and increasing herbage mass in relation 
to ryegrass swards. This suggests that prairie grass may 
be a suitable grass species under s ilage, hay or 'cut and 
carry' feeding systems in both cool and warm envi
ronments. Thus Matua would be suitable as a special 
purpose pasture. Further work on the management of 
Matua pasture is required. Again, grazing studies under 
different environments are still needed toexploit 1v1atua's 
high feeding and growth qualities. 
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The e ffects of season and herbage mass on the nutri tive value of p rairie grass cv. 
G rasslands Matua and perennial ryegrass 

V.K. RUGAMBW A, C.W. HOLMES AND A.C'p. CHU 

Massey University, Palmerston North, New Zealand. 

ABSTRACT 

The nutritive value of pcrennUl ryegnss (RG). low mass �buu pr'line gnu (L\f) md high mass �bnla paine gnu (H.'vf) swarrls ..... c:n: 
me.:tSU/'"'...d during e.ariy spring. l.Lte spring. summer I1ld autumn of 1 987{83 wd 1988189. Pn:·gruing herbage m .... ses wen: approximat=.ly 3COJ. 
4(()() I1ld 5500 kgDM/ha forRG, L'vf and HM swards. n:spectively. LaC' ... ting cows on a common herbage allowance (50 kg DM/cow d.a.i1y), 
gn� the ryegnss and Mana swards at m= intervals of 25 U1d 35 d. respectively. 

ValUe.l for the con=.tnz.ion of N (% O� I1ld DMD in whole pWI.l. averaged across all se.asons, wen: (%N) 26. 2.5 and 2.3 , and 
(% DMD) 71 .4. 7 1 . 1  and 69.4, resp::clively. for RG. L'v{ md HM .. The values for HM were signific:mlly lower than those for the othc� two 
tre.atmc:::'lu, Valuo for the OX1C01r.nUon of N and OMD in g= gnu le.af wen: (%�') 3 .4, 3.5 U1d 3.5, I1ld (% DMD) 72.4 . 7 1 .9 md 71 .5 .  
n:spec:i vely. for RG. L'v{ an d  HM. Then: we::-:: no significant diffen:n= in % :-\bctwe= th e  thr= In:.2lmenu; the diff=::nce in % OMO bctw= 
RG I1ld HM w u  rignifiC1nL During the auwmn in bcxh ye.trs. the L'v{ lr'"...3lment had a higher value for OMD % thm the RG tre.al.r:::ll. (by 3 
to 6% ur.its). 

These n:.sulu inctiClle that even .. t high pre·gnzing herbage muses (4·5 tD�tll") Mawa praine gra.ss plUlu maint.>.ined n:lacivc:ly high 
nUlritive values in g= le.af and stan. 

Keywords !'.tal.U.1 prurie gnss. ryegnss. whole plant, plwt compooenl.l, nutritive value, sason. 

INT R O DUCTI ON 

Herb�e produced by prairie grass (Bromuswillden.owii 
Kunth cv. Mama) is reputed to be highly palatable and 

. highly digestible (Rumball, 1974; Hume, 1990 a,b), and 
there is some data for its chemical composiLion (Rumball 
et al., 1 972; Rys er al., 1 978; Crush et al., 1 989; Hopkins 
et al., 1989; Hume, 1990 a,b; Thorn et al., 1990). 
Howeverthere is little informationaboul the composition 
of Mama Prairie grass grazed by dairy calLIe. 

The present repon is based on a two year study 
involving perennial ryegrass swards maintained at a 
moderate herbage mass,and Matua prairie grass swards 
maintained at either low or high pre-grazing herbage 

. masses. All the three sward types were grown in 
assoc iation with white clover. This paper presents 
results for the nutritive value, in terms of digestibility 
and nutrient concentrations (Ulyau, 198 1), of whole 
plants and plant components of Matua prairie grass as 
compared to perennial ryegrass under field condiLions. I 
Data for botanical and morphological compositions and 

feeding v:llue for milk production were reported by 
Rug:lmbwa et ai. ( 1 990) . 

MATERIALS AND METH ODS 

The Swards 

The nutri tive values of whole plants and plant 
components from two Mama prairie grass and one 
perennial ryegrass (Lolium perenne L.) swards were 
assessed at Massey University'S Dairy CauIe Research 
Unit between October 1 987 and April 1 989. The three 
sward types, ryegrass (RG), low mass Mama (LM) and 
hi gh mass Ma.ru.a (HM), were grazed by lactatin g Friesian 
cows at pre-grazing herbage masses of approximately 
3200, 4200 and 5500 kg DM/ha, respectively. Mean 
post-grazing herbage masses were RG 2100, LM 2200 
and HM 3500 kg DM/ha. The swards were grazed at 
intervals of approximately 25 days for ryegrass and 35 
days for Matua. during the periods of the experiments 
(spring to autumn). The cows were fed generously 



(daily herbage allowance 50 kg DM/cow) during each 
of the eight grazing trials, each lasting for 2 to 3 weeks, 
during early and late spring, summer and autumn over 
the two year period. Details of the establishment and 
management of the swards before and during the 
experimental period, herbage mass estimations, herbage 
sampling, and sample processi ng protocols were reported 
by Rugambwa et al. ( 1990). 

Design and Statistical Analysis 

The experimental design used and statistical methods 
employed to test the treatment differences were described 
by Rugambwa et al. ( 1990). 1be results are presented 
as least squares means (LSM) with corresponding 
standard errors (S.EUM), unless indicated otherwise. 

Measurements 

Fresh herbage sub-samples from RG , LM and HM 
sward types were dissected into eiLher ryegrass or 
Matua plants (retaining senescent matter attached to the 
plant), or into plant components (green leaf laminae, 
green stem or pseudostem, inflorescence (above flag 
leaf) and dead matter' . These sward components, 
except inflorescence (seedhead) and dead mauer, were 
bullced within replications during each season after 
being washed, freeze-dried and ground; and were 
analysed for concentrations of total nitrogen (N), ash, 
acid detergent fibre (ADF), lignin, gross energy (GE), 
and for in vitro digeStibility as was described previously 
(Rugambwa et al., 1 990). Results for ADF, lignin and 
gross energy concentrations, and for all analyses 
performed on seedheads and dead matter are simple 
means (± standard deviations) of sub-samples bulked 
w i th i n  sward types during each season. The 
concentrations of m etabolizable energy of the various 
pasture components wereestima1ed from their respecti ve 
values of digestible organic matter in the dry matter 
(DOMD) according to MAFF (1975), wiLh slight 
m odifications to suit New Zealand pasture herbage 
(Ulyatt et al., 1984). 

RESULTS 

Chemical Composition of Whole Plants 
I 

Mean values for the chemical composition of perennial 
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ryegrass (RG), low mass Matua (LM) and high mass 
Matua (HM) whole plants, averaged across all eight 
experimental periods, are presented in Table 1 .  The 
concentrations of total N in RG and LM plants were 
similar, while that of IDvI plants was significantly 
lower. RG plants had the lowest concentrations of ADF 
and lignin, LM values were intermediate, and HM: 
plants had the highest values. Mean concentrations of 
lignin in Matuaplants were h igher than those of rye grass 
values by about 1 % uniL 

<C.O ' (al 

� S5  
<fl. -3..0 
c 
al 2..5 
Cl 
0 2.0 .... 

• - 1.5 Z 
1.0 

S.:'.M. I 

R L H  R L H R L H R L H  R L H  R L H R L H  
ES-87 LS-87 51.1-88 AlJ-88 ES-88 LS-B8 SM - e9  AlJ - e9  

S e a s o n  

FI G 1 Influence of sward type and .cason 00 the con=tntioo of 

(a) nitrogen, (b) acid de!.ergent fibre and (c) ash of whole plants. (R 
= ryegrass, L = Low man Matua, H = high man MaLUa; ES = early 
spring, LS = Ia!.e spring. SM = summer, AU = aUIIlmn 1 987-1989; 
S.E.M.: highest standard error of means). 
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TABLE 1 Mean val�es for chemical oomposition of whole ryegrus and prune grass pLants and thc:iroomponents from the three sward types, 
averaged across eight Jellsons (unless s�tod otherwise, n=32). 

Sward type 
Herbage Herbage 
parameter compooe:nt RG LM HM S.E. P < O.OI 

N ('10 0M) 
Whole plant 2.6 2.5 2.3 0.05 • •  
Green leaf 3.4 3.5 3.5 OJn NS 
Green stem 1 .7 \.8 1 .7 0.05 NS 
Inf1ores=c:: I 2.1 ± 0.4 2.0 ± 0.3 2.0 ± 0.3 . NA NA 

Dead ma1tel 1 .8 ± 0.3 1 .8 ± 0.3 1 .6 ± 0.2 NA NA 

., 
AOF ('To OMr 

Whole plant 28.6 ± 1 .7 29.4 ± 3.9 32.2 ± 2.2 NA NA 

lignin (% OM)2 Whole plant 2.7 ± 0.4 3.5 ± 0.7 3 .8 ± 1 .0 NA NA 

Ash ('To OM) Whole plant 93 9.1 9.0 0.24 NS 
Green leaf 9.8 10.2 1 0. 1  0. 1 4  NS 
Green stem 73 7.1 7.1 0.11 NS 
Inflores=c:: I 7.0 ± 1.5 5.3 ± OA 5.6 ± O.5 NA NA 
Dead ma1ter2 1 1. 1  ± 1 .4 10.5 ± 1 .5 9.3 ± 201.2 NA NA 

NA = Not analysed s�tistically. 
1 Values are means (± SO) of s.amples bulked �thin each sward type during each season with n=3 for RG and n=7 for LM and liM. 
2 Value: are means (± SO) of s.amples bulked �thin each sward type during each season with n=8. 
NS = Non significant (P>O.05). 

The concentration of ash tended to be lower in Matua, 
relative to ryegrass, but the differences were not 
significanL There were, however, highly significant 
sward type x season interactions in the proportions of N 
and ash of plants from the three sward types (Fig. 1). 
Ryegrass had the highest proportion of total N in the 
organic matter during early and late spring (Fig. la), 
while plants from all three swards had similar values for 
% N during summer. The proportion of ADF in LM 
plants was either equal to or lower than that of ryegrass 
during early spring and autumn (Fig. Ib) whereas HM 
plants had the highest ADF values during most seasons. 
Compared to ryegrass, Matua plants had lower 
concentrations of ash during early and late spring (Fig. 
lc), but higher values during summer and autumn. 

Digestibility of Whole Plants 

Mean values for in vitro digestibility and energy 
concentrations of whole plants in the three sward types 
are shown in Table 2. RG and LM plants had similar 
values for DMD and similar DOMD and ME 
concentrations, but values for HM plants were 
significantly lower. There were no differences in GE 
between the three treatments. Seasonal trends in the in 
vitro D MD for ryegrass and Matua plants are illustrated 
inFigure 2a. RG andLM plants had similar mean DMD 
values in Year One except during autumn when the 
digestibility ofLM plants was significantly greater. In 
Year Two, however, the DMD of LM plants was 
consistently lower than that of RG, except again during 
autumn when the DMD ofLM plants was significantly 
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TABLE 2 Mean values for in vitro digestibility and energy concentration of whole ryegnss and prairie grass pW1ts and plant components, 
and of leaf:stan nnos frem the three sward types, averaged across eight seasons (unless stAted otherwise, n=32). 

Sward type 
Herbage Herbage 
pararne!.ef component RG LM HM S.E. Sign. 

D�D (90) Whole planl 7 1.4 7 1 .1  69.4 0.29 • •  
Green leaf 724 7 1 .9 7 1 .5 0.28 + 
Green st.cm 70.8 69.7 68.4 0.39 • •  

Inflorescence 1 67.8 ± l OA 64.1 ± 3.5 61 .4 ± 4.5 NA NA 

Dead mat!.er2 50.3 ±1 .9  47.9 ± 1 .6 45.3 ± 2.1 NA NA 

DOMD (90) Whole plant 67.4 66.9 65.5 0.33 • •  
Green leaf 68.S 68.1 67.6 0.33 + 
Green s!.em 68.7 67.6 66.3 0.46 • 

Inflorescence 1 66.0 ± 8.9 63.4 ± 2.9 60.7 ± 3.S NA NA 

Dead mat!.e? 429 ± 2.S 40j ± 2.5 37.7 ± 2.3 NA NA 

GE2 (MJ kg DM01) Whole plant I S.5 ± 0.32 1 8.5 ±O.26 1 8.2 ± 0.25 NA 1'A 

ME Whole plant 1 1 .0 10.9 1 0.7 0.05 • •  

(MJ kg DM"l ) Green leaf 1 1 .2 1 1. 1  1 1 .0 0.05 + 
Green st.cm 1 1 .2 1 1.0 10.8 0.06 • 

Inflorescence 1 1 0. S ± 1.5 10.3 ± 0.5 9.9 ± 0.6 NA 1'A 

Dead mat!.er2 7.0 ± 0.5 6.6 ± 004 6.1 ± 004 1'A NA 

" 

J.=f:stc:m ratio 2.3 1 .4 l . l  0.04 • • •  

• = P < 0.05, • •  = P < 0.01, • • •  = P < 0.001 
+ = P < 0.1 

NA = Not analysed statistically. 

I Values arc mans (± SD) of samples bulked within CJlch sward type per season with n=3 for RG and n=7 for LM and H.'vt 
2 Values arc mc.ans (± SD) of samples bulked within each sward type per season with n=8. 

higher than that of RG plants. 

Leaf and Stem 

1bere were no significant differences between the swards 

i n  the mean concentrations of total N (fable 1)  in either 
the green leaf or green sterno Similarly, the proportions 

of ash in either the green leaf or green stem did not differ 

between sward types. The concentrations of N and of 

ash were higher for green leaf than for green sterno 

In vitro DMD of both green leaf and stem was 
significantly higher in RG than in HM plants, values for 

LM plants were intermediate and not significantly 

different from either RG or HM: values (fable 2). The 

values were generally slightly higher for green leaf than 
for green stem. 

Differences between the three swards in the in 
vitro DMD of leaf (Fig. 2b) were only apparent during 
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autumn (Year One) and late spring (Year Two), when 
LM and RG green leaf had significantly higher values 
than HM green leaf. The D MD values in the green stem 
ofRG and LM plants (Fig. 2c) were similar during most 
seasons, except during late spring and summer of Year 
Two when LM values were lower than those of RG. 
S tem from HM: plants tended to have the lowest DMD 
values, particularly during late spring and summer. 

as (a) PI..AHT S.E.M. J: 
eo 

S.E.M. I 

R L H R L H R L H R L H R L H R L H  R L H 
ES-87 LS-1!7 SM-88 ILl-as ES-88 LS-88 51.4-89 1L1 - 89  

S e a s o n  

Fl G 2 Influence of sward type and season on the in vitro dry mau.er 
digestibility of (a) whole plant, (b) green Jeaf and (c) glttn stem. (R 
= ryegrass. L = Jow mass Mawa, H = high mass Mawa;�= earJy 
spring, LS = la�g. SM = summer. AU = auwmn(1.;Y8-1989; 
S.E.M.: highestrdard error of means). 
Seed H eads and Dead Matter 

Seedhcads from the three sward types had similar 
concentrations ofN (Table 1). The concentration of ash 
in RG seedheads was considerably higher than that of 
LM and HM seedheads (Table 1). In vitro DMD and 

ME values of RG seedheads were higher than those of 
Matua, with HM swards showing the lowest values. 

The concentration ofN in the dead matter of the 
three sward types was similar to that of green stem 
(Table 1). The proportions of ash in the dead matter 
(Table 1) were higher than those of whole plants and 
plant components, regardless of sward type. Dead 
maller in all sward types had the lowest in vitro 
digestibilities and ME concentrations relative to other 
sward components. 

The mean proportion of green leaf:slem in 
ryegmss plants (Table 2) was 40 and 50% greater than 
that of LM and HM plants, respectively, with minor 
seasonal variations. 

DISCUSSION 

The average values for digestibility and the changes in 
these values between seasons, are similar to those 
reported by previous authors (Rattray, 1978; Crush et 
at., 1 989). The values ofDMD were similar forryegrass 
and low mass Matua plants, but these were higher than 
the values for high mass Matua plants (by about 1 .5% 

units). The exception to this general finding was that in 
autumn, digestibilities of plants from both Matua 
treatments were higher than ryegrass plants as has been 
reported by Crush et al. (1989). 

In general, digestibility of plant material 

decreases with increases in maturity and mass (Osbourn, 
1980) due to increases in stem:leaf ratio, cell wall 
carbohydrates and lignin concentrations (Ulyatt, 198 1 ;  
Waghom an d  Barry, 1987)

) 
an d  proportion o f  dead 

mauer (B ircharn and Hodgson, 1 983). In the present 
experiment the Matua swards had much larger pre
grazing herbage masses than the ryegrass swards (by 1 
to 2.5 t DM/ha), and had longer periods for regrowth 
between successive grazings. Therefore the similarity 

in DMD between LM and RG plants, the relati vely 
small difference between RG and HM plants, and the 
absence of any difference in % N between the swards, 
are surprising. It is interesting to note that. at a similar 
stage of maturity, the digestibility of cell walls and the 
concentration of water soluble carbohydrates w ere 



greater for Matua plants than for Westerwolds annual 
ryegrass plants, despite higher concentrations of cell 
wall polysaccharides in Matua (Hume, 1 990b). 

The differences in DMD between RG and HM 
swards were, however, larger for inflorescence and 
dead material (about 5% units). Theseare lilcely to have 
contributed to the poorer feeding value of HM swards 
reported by Rugambwa et al. (1990). 

CONCLUSION 

Low mass Matua and perennial ryegrass whole plants 
had similar average nutritive values. which were higher 
than that of high mass Matua. Only small differences 
between sward types were observed for digestibility of 
green leaf or stem, despite large differences in herbage 
mass between swards. The digestibility and ME 
concentration of dead matter was lower in Matua than 
in ryegrass. 
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Appendix 7.2 Correlation matrices between  pregrazing herbage mass (premass), sward 

height (preht) .  and the concentrations of l eaf (pcleaf) . stem (pcstem) , dead matter (pede ad) 

in prairie g rass and ryegrass swards and the d igestibility of organic matter of the herbage 

(OMO) . 

(a) Low, intermediate, and high mass prairie grass/red crover swards (Experiment 1 ) . The 

data were pooled across sward types because of similar inter-correlations (n=36). 

P REMAS S P REHT P COMD 

P REMAS S 1 . 0 0 0 0 0  0 . 9 4 2 2 0  - 0 . 2 1 8 2 0  

0 . 0  0 . 0 0 0 1  0 . 2 0 1 1  

PREHT 0 . 9 4 2 2 0  1 . 0 0 0 0 0  - 0 . 2 5 1 2 0  

0 . 0 0 0 1  0 . 0  0 . 1 3 9 5  

PCOMD - 0 . 2 1 8 2 0  - 0 . 2 5 1 2 0  1 . 0 0 0 0 0  

0 . 2 0 1 1  0 . 1 3 9 5  0 . 0  

(b) Pere nnial ryegrass/white clover swards (n=1 6) .  

P CLEAF PCS TEM PCDEAD OMD 

1 . 0 0 0 0 0  - 0 . 7 9 0 5 8  - 0 . 7 2 9 1 2  0 . 9 2 5 1 8  

0 . 0 0 . 0 0 2 2  0 . 0 1 0 9  0 . 0 0 0 1  

- 0 . 7 9 0 5 8  1 . 0 0 0 0 0  0 . 2 0 0 4 3  - 0 . 6 5 5 8 6  

0 . 0 0 2 2  0 . 0  0 . 5 5 4 6  0 . 0 2 8 4  

- 0 . 7 2 9 1 2 0 . 2 0 0 4 3 1 . 0 0 0 0 0  - 0 . 8 3 8 8 2  

0 . 0 1 0 9  0 . 5 5 4 6  0 . 0 0 . 0 0 2 4  

0 . 9 2 5 1 8  - 0 . 6 5 5 8 6  - 0 . 8 3 8 8 2  1 . 0 0 0 0 0  

0 . 0 0 0 1  0 . 0 2 8 4  0 . 0 0 2 4  0 . 0 
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(c) Low mass p rairie grasslwhite clover swards (n= 1 6) .  

P CLEAF PCSTEM PCDEAD OMD 

P CLEAF 1 . 0 0 0 0 0  - 0 . 5 4 5 4 0  - 0 . 6 9 3 2 5  0 . 7 9 8 9 8  
0 . 0 0 . 0 3 5 5  0 . 0 0 4 2 0 . 0 0 0 6  

PCSTEM - 0 . 5 4 5 4 0  1 . 0 0 0 0 0  - 0 . 1 4 2 2 8  - 0 . 1 4 1 0 6  
� 

0 . 0 3 5 5  0 . 0 0 . 5 9 9 1  0 . 6 1 6 0  

PCDEAD - 0 . 6 9 3 2 5  - 0 . 1 4 2 2 8  1 . 0 0 0 0 0  - 0 . 9 2 5 4 5  
0 . 0 0 4 2 0 . 5 9 9 1  0 . 0 0 . 0 0 0 1  

OMD 0 . 7 9 8 9 8  - 0 . 1 4 1 0 6  - 0 . 9 2 5 4 5  1 . 0 0 0 0 0  
0 . 0 0 0 6  0 . 6 1 6 0 0 . 0 0 0 1  0 . 0  

(d) High mass prairie grass/white clover swards (n= 1 6) .  

PC LEAF PCSTEM PCDEAD OMD 

PCLEAF 1 .  0 0 0 0 0  - 0 . 3 4 0 2 8  -0 . 7 8 8 4 4  0 . 8 7 7 5 9  
0 . 0  0 . 1 9 7 2  0 . 0 0 0 3  0 . 0 0 0 1  

P C S TEM - 0 . 3 4 0 2 8  1 . 0 0 0 0 0  -0 . 3 0 9 5 4  - 0 . 0 4 5 4 8  
0 . 1 9 7 2  0 . 0  0 . 2 4 3 3  o . 8 6 7 2  

PCDEAD - 0 . 7 8 8 4 4  - 0 . 3 0 9 5 4  1 . 0 0 0 0 0  - 0 . 8 5 5 3 3  
· 0 . 0 0 0 3  0 . 2 4 3 3  0 . 0  0 . 0 0 0 1  

OMD 0 . 8 7 7 5 9  - 0 . 0 4 5 4 8  - 0 . 8 5 5 3 3  1 . 0 0 0 0 0  
0 . 0 0 0 1  o . 8 6 7 2  0 . 0 0 0 1  0 . 0  
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