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Improving the efficiency of pasture-based dairy production

I. J. LEAN, W. J. PARKER1 AND R. C. KELLAWAY

Franklin Laboratory, Department of Animal Science, University of Sydney, Camden,
New South Wales 2570, Australia.

ABSTRACT

New Zealand dairy farmers have not achieved the increases in milk production that parallel those of other countries and this has
led to a re-evaluation of the opportunities to use feed inputs to complement pasture diets for dairy production. An improved
understanding of the chemical composition of pastures, a re-examination of pasture growth dynamics, and recent experimental evidence
and farmer experience suggests that there is potential to increase milk production from pasture through strategic inputs of feeds to
increase dry matter intake and improve the nutrient balance of the cow’s diet. These modified pastoral farming systems would allow
more of the genetic potential of New Zealand dairy cows to be exploited for milk production and increase the proportion of feed intake
that is used for production. This review integrates knowledge of animal responses to non-pasture feed sources, with that for pasture
management, and identifies opportunities to enhance the efficiency of pasture-based dairying.

Keywords: dairy production, pastoral systems, seasonal calving, ration balance.
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INTRODUCTION

Milk production per cow has increased much more
slowly in New Zealand than in Northern Hemisphere coun-
tries over the past 30 years (Ulyatt & Waghorn 1993). The
reasons for this have been well documented in recent years
(Bryant 1990, Edwards & Parker 1994, Parker 1995).
Bryant (1990) indicated that for the highest producers of
milksolids per hectare (ca. 10% of farms) limited potential
existed to further increase milk production by introducing
new pasture technology or manipulating sward manage-
ment. The biological constraints to pastoral grazing, cou-
pled with variable but generally declining real prices for
milk that have restricted the use of purchased feeds, are
reflected by the relatively small improvement in the na-
tional average per cow and per hectare milksolids (MS)
production over the past 15 years (LIC 1994). Neverthe-
less, the industry continues to be the lowest (direct) cost
producer of milk, on a farm gate price basis, in the devel-
oped world (Anon 1993).

The vital importance of maintaining international com-
petitiveness in an industry that depends heavily on exports,
and the lower cost of pasture relative to other feeds, sug-
gests that future improvements to New Zealand dairy pro-
duction should continue to be built around the
well-established foundation of pasture efficiently grown
and utilised in situ by cows of high genetic merit. The
purpose of this paper is to examine the basis and shortcom-
ings of current dairy farm practice and to suggest ways in
which some constraints to milk production from pasture
could be addressed.

THE CURRENT PARADIGM

The paradigm for seasonal-calving, high stocking rate
pasture-based dairy production in New Zealand and south-

ern Australia is well documented (Holmes and MacMillan
1982, Trigg and Bryant, 1982; Wilson and Davey, 1982:
Holmes and Wilson, 1984: Bryant, 1990). In broad terms
these systems are based around four strategic management
decisions - stocking rate, calving date, conservation and
supplementation, and drying off. These farm policy deci-
sions largely determine the match between pasture growth
(supply) and the feed demand of the herd (and replace-
ments where these are grazed on the farm). Close synchrony
of pasture supply and demand contributes to high utilisa-
tion of pasture grown and helps to maintain pasture quality.
In general, supplementation of dairy cows has not been
shown experimentally to be profitable, and except for
pasture silage and hay, and some forage crops, limited use
of bought-in feeds has been made. However, grazing off of
herd replacements, and to a lesser extent the herd during the
dry period, is a common means of increasing either the feed
supply to the milking herd or herd size (Bryant 1990). The
tactical application of nitrogen to increase pasture produc-
tion, particularly in late winter - early spring to provide
extra feed for freshly calved cows (Thompson et al. 1991),
has been more widely adopted by dairy farmers in the last
5 years. Consequently, the diet of lactating cows is almost
exclusively pasture and the diet balance reflects the sward
composition, grazing and intensity and recent fertiliser
history (Lawson et al. 1996, Moller et al. 1996a).

Stocking rates are high relative to the potential dry
matter intake (DMI) of the cows resulting in DMI equiva-
lent to 2.85% of body weight for a 450 kg cow producing
3750 litres of milk over a 300 day lactation, and the effects
of this are manifested in several ways. First, the mature
liveweight of cows is around 360 and 420 kg respectively
for Jerseys and Holstens-Freisians (the dominant purebreeds
farmed), considerably less than that of their counterparts
farmed under Northern Hemisphere confined dairy sys-
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tems (Parker and Muller 1992). Second, the cow body
condition score (CS) profile typically fluctuates between
5.0 (calving) and 4.0 (mid- to late- lactation), about 1 to 1.5
units less than for confined systems (Muller 1993), and the
dry period, rather than late lactation, is generally used to
ensure the target CS for calving is achieved. Third, lacta-
tion lengths are short (230-260 days vs. 305 potential)
because of the combined effects of a concentrated spring
calving, a normally abrupt cessation to milking (Parker et
al. 1993), and unreliable and generally low summer and
autumn pasture production. Consequently, it is estimated
that only 25-30% of lifetime feed intake is directed to-
wards milk production, compared to 35-45% in high pro-
ducing herds in the North America, and in this respect the
utilisation of pasture for milk production is relatively
inefficient.

It is clear from comparative genotype studies involv-
ing New Zealand cows (e.g. Peterson 1989), and regional
differences in milk production (LIC 1994), that the quan-
tity and quality of feed supply is the single most important
constraint to increasing milk output per cow and hectare.
Hodgson (1989) defined the potential production of C

3

pastures in New Zealand under grazing, and Edwards and
Parker (1994) used these data to estimate potential
milksolids per hectare (ca. 1100 kg or 314 kg MS/cow at
3.5 cows/ha). Thus, the challenge to dairy researchers and
farmers is to find economic ways to enhance feed supply
in a manner that stimulates greater DMI by cows, provides
an improved balance of nutrients to the rumen and small
intestine, and reduces seasonality. To achieve these aims
new approaches to milk production from pasture in New
Zealand are required.

RETHINKING THE ROLE OF
SUPPLEMENTS

Most of the supplementary feeding trials in Australia
reviewed by Kellaway and Porta (1993) involved small
cattle grazing relatively high quality pastures, and fed
either crushed or uncrushed grains over a short period (a
matter of weeks). Few measurements of responses to
supplements over a lactation or multiple lactations have
been reported. Responses in the short term (up to 12
weeks) experiments averaged 0.5 kg of milk per kg of
supplement. Experiments by Hamilton (1991) and Davison
et al. (1982) showed that responses were greater when
measured over periods of 10 and 16 weeks, respectively.
In long-term experiments, Cowan and Davison (1983)
indicated that responses averaged 1 kg milk per kg supple-
ment. Kellaway and Porta (1993) suggested that the lower
milk production responses to supplements than might be
predicted per unit of additional energy (Tyrell and Reid
1965) should be attributed to measurements occurring
over too short a period to determine the full milk produc-
tion response and because substitution of pasture resulted
in very little additional feed intake; or the additional
energy intake was portioned to body condition (or to
growth where relatively undergrown young cows were
involved) or a combination of these responses occurred.

Broster and Broster (1984) and Broster et al. (1993)

found that the long-term effects of nutrition on milk pro-
duction responses, may accumulate over single and mul-
tiple lactations and more closely approximate the responses
that can be predicted from energetics. There is, however,
considerable variation in the cumulative and residual ef-
fects of supplementary feeding, influenced by study de-
sign, levels of feeding and impacts on body weight. Cattle
that are lower in body reserves prior to re-alimentation
after a period of relative underfeeding are more likely to
accumulate body condition at the expense of milk produc-
tion (Broster et al. 1993). These cows will be more capable
of responding to feed inputs with increased milk produc-
tion subsequently, provided that body weight is not lost
again by underfeeding. Bodyweight tends to stabilise to a
level that is commensurate with the long-term plane of
nutrition. Very few of the studies cited by Kellaway and
Porta (1993) accounted for the longer term effects of
nutrition on production. The failure to acknowledge the
important role of homerohesis, the long term adaptive
changes that occur when an animal changes from being
non-lactating to lactating, are a major limitation of present
nutritional evaluation systems and these are reflected by
shortcomings in the study designs reported. Current sys-
tems for calculating nutritional requirements (e.g. AFRC
1993) do not consider the carry-over effects of an altered
plane of nutrition on growth, body condition, mammary
gland development and appetite. These responses may not
be simply linear, but may follow a recursive pattern i.e.
increasing plane of nutrition now, may allow increased
production later, but this production may require further or
even an increasing supply of nutrients. This concept is
exemplified by comparing the 1 litre increase at peak
production to the 200 litre response over the whole lacta-
tion relationship (Broster & Thomas 1981).

The degree of substitution of pasture for additional
feed is a function of many factors including the appetite of
the cow, pasture allowance (Grainger & Matthews 1989),
formulation of the ration, type of supplement and process-
ing of the ration (Kellaway & Porta 1993). Opatpatanakit
(1994) reviewed many studies involving concentrate sup-
plementation of pasture diets and found that at low levels
of concentrate intake, substitution rates were likely to be
high, but at higher levels of concentrate feeding, addi-
tional concentrate was associated with low substitution
rates. This pattern of response implies that adaptation of
rumen micro-organism to concentrate diets influences
substitution rates. Studies show decreased fibre digestion
(Stewart 1977) and decreased numbers of cellulolytic
organisms (Henning et al. 1980) in the presence of rapidly
fermentable starches. Opatpatanakit et al. (1995) observed
a 12% higher feed intake for heifers fed lucerne hay and
crushed sorghum grain vs. crushed wheat. The heifers
which were meal-fed with wheat had a rumen pH <6
between 2 to 8 hours after feeding, conditions which are
not consistent with optimal rumen function for fibre diges-
tion and protein synthesis. Many of the diets reviewed by
Kellaway and Porta (1993) would have similarly depressed
rumen function and this probably contributed to the sub-
stantial pasture substitution cited. Further studies by
Opatpatanakit et al. (1995) found that sorghum grain
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increased fibre digestion in in vitro studies. Clearly, the
starch degradability characteristics of supplements for
cows on pasture, and the way in which such feeds are fed
to the cow, influences their productivity. In summary,
trials on supplementary feeding in Australasia have gener-
ally not been designed to measure the effect of different
supplementation diets on the rate of pasture substitution or
long-term profit. Consequently, the effects of adding feeds
to pasture diet on cow productivity and economic returns
needs to be re-examined.

PASTURE AVAILABILITY

Pasture growth is seasonal and stocking rate is, there-
fore, rarely optimal to achieve high per cow DMI or
to efficiently harvest pasture, when no feeds apart from
pasture are utilised. A stocking rate set to provide suffi-
cient grazing pressure to harvest peak pasture growth,
normally results in excessive grazing pressure during pe-
riods of slower growth at other times of the year. Heavy
grazing pressure (Brougham 1959, Michell and Fulkerson
1987) or frequent grazing (Bryant and Holmes 1985) can
decrease pasture regrowth particularly where low post-
grazing residuals (<1200 kg DM/ha) occur in the spring
period (Matthews et al. 1995). While higher post-grazing
residuals, and a greater plant leaf-area index created through
supplement feeding may increase pasture growth (e.g. in
late spring), relatively little quantitative data is available
from which to estimate probable milk responses from
spared pasture. The relationships reported by Brougham
(1959) are still incorporated in dairy farm computer simu-
lation models such as UDDER (Larcombe 1989), and
these suggest that the use of additional feed inputs to allow
substitution stimulates pasture growth. In this context
substitution provides a means for management to manipu-
late grazing pressure, in order to stimulate appetite,
increase pasture intake and promote milk production.
Further research is required to clarify the work of Grainger
& Matthews (1989) on the effect of substitution on post-
grazing residuals and the subsequent fate of spared pasture.

PASTURE QUALITY

Moller et al. (1996b) showed that the average
digestiblity of organic matter in New Zealand pastures
exceeded 70% for much of the year. Digestibilities in this
range match those of feedlot rations mixed from hay or
silages and grains, but their energy density is usually lower
than that of fresh pasture. In other words, well-managed
pasture provides a high quality feed for dairy cows but it
is unable to sustain high levels of milk production, even if
supply constraints are removed (Ulyatt & Waghorn 1993;
Muller 1993; Muller et al. 1995), and especially if the
sward is dominated by grasses (Lawson et al. 1996). For
example, the proteins contained in pastures are almost
completely degraded in the rumen (Corbett 1987; Beever
1993; Holden et al. 1994). Concentrations of soluble pro-
tein in pasture that exceed the capacity of the rumen to
produce microbial protein are associated with an energetic
cost for detoxification of ammonia to urea (NRC 1989).

The Cornell Net Energy and Protein Model of Fox et al.
(1990) predicts that this factor, in combination with the
negative effects on rumen function resulting from a de-
creased availability of soluble carbohydrates, would de-
crease milk yields by up to 11 litres milk per head per day,
if the crude protein content of ryegrass increased from 20
to 35%. The work of Danfaer et al. (1980) also identifies
a significant “protein penalty” on milk yield.

The fibre content in pastures also needs to be care-
fully examined. Grass pastures contain, typically, in the
order of 44-48% neutral detergent fibre (NDF), while
clovers, with a lower structural carbohydrate component,
have approximately 36-40% NDF accounting, in part, for
greater feed intake and higher production on all legume
diets (Rogers et al. 1986). The relatively low fibre content
of pastures, particularly in spring (Moller et al. 1996a),
means that maintaining the optimal fibre density for rumen
function is difficult when concentrates are fed.

 The mineral content of pastures is quite often incon-
sistent with optimal animal productivity (Wilson et al.
1995). Anti-nutritional factors in pasture which may limit
production and health include mycotoxins, nitrates, toxic
metals and endophytes.

Efforts in plant breeding to develop pastures with
characteristics more suited to dairy production would ul-
timately enhance the competitive advantage of pasture-
based dairy industries.

IMPROVING AMINO ACID SUPPLY

Production responses to additional feed inputs could
be expected to be associated with those nutrients that are
most rate limiting to milk production. Although concen-
trations of protein in pastures, especially in immature
fertilised ryegrass, are high relative to cow requirements
(Moller et al. 1996a), specific amino acids are likely to be
rate limiting to milk production (Muller et al. 1995). This
was illustrated by Dhiman and Satter (1993) who found
that the addition of protected soyabean meal to cows fed
on alfalfa (lucerne) silage gave a much greater milk re-
sponse than the feeding of isoenergectic amounts of starch-
based concentrates.

There are problems with estimating responses to
protein or amino acid supplementation with current nutri-
tional evaluation systems (Jones et al. 1996). Thus AFRC
(1993), acknowledges that responses to fish meal are not
adequately predicted by their system and that the biologi-
cal value of proteins for different productive purposes
vary with differences in amino acid composition. For
example, Rulquin and Verite (1993) note that responses of
cows to supplementation with methionine and lysine on a
grass silage diet are inadequate despite the diet being
apparently low in these amino acids. The French PDI
system (Jarrige, 1989), among others, attempted to exam-
ine ruminant protein nutrition on the basis of potential
absorbed protein from energy intake. Polan (1992) argued
that there will be some delay before protein systems are
perfected, but this should not preclude the intelligent
application of current knowledge of amino acid contents in
feed to the nutrition of dairy cattle. Polan (1992), also
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suggested if that lysine was rate limiting the supply of as
little as 2.66 g/d could result in an extra litre of milk.
Critical data are still lacking to produce a model that
effectively predicts the response of dairy cattle to amino
acids (Muller et al. 1995). Studies at the University of
Sydney (Rajczyk et al. 1994a, b) highlight a further chal-
lenge in examining responses, as similar total milk protein
responses were recorded for diets formulated to provide
additional high quality proteins, but groups of cows ex-
posed to different protected proteins responded very dif-
ferently in terms of milk yield and milk protein content.

Lastly, there is now good evidence (Orskov et al.
1987, Rajczyk et al. 1994a, b) that production is driven,
rather than requirements met. Specifically, it has been
shown that additional protein supplementation will cause
cows to become ketonameic and even clinically ketotic as
they moblilise body tissue to meet additional demands for
milk protein, fat and lactose synthesis. Therefore, rather
than consider nutrition in terms of passive control i.e.
meeting nutrient requirements, nutrition can be an active
process in which production is controlled by feeding strat-
egies that determine appetite.

HEIFER REARING AND COW SIZE

Herd replacements in New Zealand are small relative
to their genetic potential. Murphy (1993) suggested that
improved heifer rearing provided an important opportu-
nity for New Zealand dairy farmers to increase productiv-
ity. There is some evidence that smaller cows are more
efficient under New Zealand conditions than larger cows
(Holmes et al. 1993) but this needs to be re-examined in
the context of the improved feeding strategies suggested
here. Heavier cows fed close to maintenance will be less
profitable than their lighter counterparts similarly fed. For
example, an additional 100 kg of bodyweight should allow
a heifer eating at 4% of her body weight on a diet with 11
MJ of ME (consistent with late spring pasture) to produce
7 litres of milk per day of lactation more than her lighter
counterpart, but if DMI was at 2.8% of LW there would be
no advantage in having a larger heifer. Consistently achiev-
ing DMI in excess of 3.5% of LW without supplements
poses a management challenge, not only because of the
biochemical structure of pasture (Ulyatt & Waghorn 1993),
but also because of seasonal variation in the supply of
pasture. These considerations also raise issues regarding
the way stocking rates are expressed (Holmes et al. 1993).
Recent work suggesting that Jersey cattle are more effi-
cient milk producers from pastures than Holsteins (e.g.
Oldenbroek 1994) implies that stocking rate should be
considered on the basis of potential for feed intake rather
than on a per head basis and within breed. Theoretically,
fewer, but larger cows, could exert a similar grazing
pressure with a greater feed conversion efficiency than
more cows at a lower body weight relative to their genetic
potential. This would also reduce the variable costs of milk
production. Farmer experience indicates that the appropri-
ate use of feed inputs to complement pasture should result
in higher stocking rates and larger cows than at present,
and hence greater milk output per farm, and optimum

utilisation of pasture (Edgecombe & Edgecombe 1994,
Phillips 1995).

RISK MANAGEMENT

Recent changes to dairy farm management in New
Zealand involving greater use of concentrates, pasture
conservation, crops and nitrogen fertiliser all help to re-
duce production risk. Traditional grazing methods are
constrained by the need to maintain feed ahead of the
cows, a reserve of cow body condition or the flexibility to
sell (or dry off) cows. The reactive use of supplements for
cows or nitrogen in response to pasture shortages was
viewed as an unbudgeted expense and often inefficient
because pasture management was either compromised or
insufficient time was available for the maximum response
to be obtained (Field & Ball 1978). Strategic supplemen-
tation to mitigate the impact of variable pasture growth on
production and profit requires the early identification of
surpluses and deficits, through formal feed budgeting. An
aggressive conservation strategy coupled with the use of
nitrogen fertilisers, to maximise late spring-early summer
production pasture when water and sunlight are normally
not limiting, can facilitate improved summer and autumn
feeding of cows. The last third of lactation has been
identified as having the greatest potential to increase the
milk yield of New Zealand cows (Edwards & Parker
1994). The use of nitrogen fertiliser to stimulate pasture
production, may increase the protein and nitrate content
and decrease the soluble carbohydrate component of the
pasture (Behaeghe and Carlier 1973; Moller et al. 1996b)
and this factor should be considered when balancing pas-
ture diets.

Underfeeding freshly calved cows in early spring,
contributes to low levels of peak milk production, poor
persistence and substantial body weight loss (Holmes &
Wilson 1984). Consequently, autumn pasture production
is often used to recover body condition in cows dried off
early rather than to produce additional milk. Feeding to
achieve higher levels of peak milk production, coupled
with an increased supply of highly digestible nutrients in
the summer period (e.g. through crops, silages or concen-
trates) should allow herds to produce milk for 270-280
days. Modeling studies suggest that additional expendi-
ture incurred during early lactation for feed can be re-
couped by greater late lactation milk yields (Uribe et al.
1996), but as noted by Clarke (1995) where crops are
grown high yields are necessary to ensure DM costs are
below the breakeven level.

SUMMARY

The limitations of pasture based systems have been
identified, and this suggests that a new paradigm is re-
quired for the management of pasture-fed dairy cattle that
integrates pasture management knowledge already estab-
lished in New Zealand with well-proved principles of
ruminant nutrition for supplementary feeding. Under this
paradigm, cows and replacement are fed more closely to
their genetic potential than at present; supplementary in-
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puts are evaluated in the context of whole farm perform-
ance over the long term; longer average lactations (270-
280 days) increase the efficiency of feed conversion to
milk, and inefficiencies that extend beyond the farm gate
due to seasonal changes in milk flow and quality are
reduced. Improved measurement of pasture and feeds
quality, coupled with planning, is required to ensure the
diet balance improves ruminant metabolism, stimulates
appetite, and maintains grazing pressure. Together, these
actions should increase milk output and farmer returns.
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