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A farm level model to aid decisions regarding the feeding of concentrates to dairy cattle

P.J. NEAVES1, W.J. PARKER AND C.W. HOLMES2

Department of Agricultural & Horticultural Systems Management,
Massey University, Palmerston North, New Zealand.

ABSTRACT

In recent years dairy farm consultants in New Zealand and Australia have regularly been asked to provide advice to farmers on whether
the feeding of concentrates to lactating cows on pasture diets is likely to be economic.  The outcome of such a decision is complicated because
its effects on milk production, liveweight change, pasture growth and decay, and herd reproductive performance are influenced by variables
pertaining to the particular farm and herd involved.  Some responses to concentrate inputs are immediate; others occur in the long term.
Information on each response variable was integrated into a manual decision support framework to provide a practical decision aid for
consultants and farmers.  A spreadsheet template was then developed to reduce calculation time and allow a wider range of feed and herd
situations to be evaluated.  The total economic benefits, and hence breakeven price for concentrates were found to be heavily dependent on
the long term  moblisation of liveweight gained, utilisation of extra pasture grown and changes in the herd’s calving pattern.
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INTRODUCTION

During the 1970s and 1980s dairy farmers in New
Zealand focused on raising per hectare milksolids (MS)
production primarily by increasing stocking rate.   How-
ever, a number of farms in New Zealand have reached the
stage where further increases in total farm production of
milksolids is  dependent on increasing the amount, and
improving the distribution, of feed (Bryant 1990).  Increas-
ing per cow production has the advantage that milk output
is increased without putting more pressure on existing
resources such as the dairy shed, laneways and labour
through higher cow numbers.  Supplementing pasture is
one way to produce higher milk yields per cow through
either higher average daily production or longer lactations,
and at the same time to reduce the risk associated with
seasonal pasture production (Holmes & Hughes 1993, Edge–
combe and Edgecombe 1994,  Parker & Edwards 1994).

A wide range of supplementary feeds is available to
New Zealand and Australian dairy farmers including con-
served forages, fodder crops, industry by-products and
concentrates.  Concentrate feeds are used more widely in
Australia than in New Zealand because of the more favour-
able milk price: concentrate cost ratio, and even in Victoria,
where dairy production is predominantly pasture-based
and seasonal, over two thirds of dairy farmers provide
concentrates to lactating cows (Kellaway and Porta, 1993).

This study focused on the use of concentrates, rather
than other dairy feeds, because more  published informa-
tion is available about likely  cow responses to this feed
input.  Nevertheless, it is often unclear whether the feeding
of concentrates on a particular farm will be profitable
because responses can vary greatly according to the farm-
ing conditions concerned.  This uncertainty creates prob-

lems in developing sound recommendations for farmers
regarding the use of concentrates.  A user-friendly decision
support system, such as that described in this paper, is
therefore required to enable consultants and farmers to
make a rapid and reasonable prediction of the physical and
economic response to concentrate feeding for a particular
set of farming circumstances.

MODEL FRAMEWORK
The outcome of a decision to feed concentrates is

complicated because its effects on milk production,
liveweight change, pasture growth and herd reproductive
performance are influenced by variables such as cow con-
dition, stage of lactation, initial level of feeding, feed
composition and herd breeding index (Rogers, 1985;
Kellaway & Porta 1993).  Some of the responses are
immediate;  others occur in the long term.  Information on
each of these factors was incorporated in a hierarchical
decision model, which enables decisions to be represented
in the form of a flow diagram or branched ‘tree’ with
decision criteria, specified either as rules or in algebraic
form, at each branching point (Gladwin 1976).  The com-
ponents of the model used in the present study are shown
in Figure 1, and the main equations used to formulate the
model are described below.

Model formulation
The effect of adding concentrate on the cow’s intake

of pasture (Substitution rate (SR): the reduction in pasture
intake (kgDM) per kg of concentrate DM intake) was
estimated using a regression equation derived from nine
experiments (see Neaves 1995, p. 53) where high starch
concentrates, such as barley and pellets, were used and the
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the diet on high quality (lush) pasture with a low fibre
content, or 60% of the diet where the quality of pasture is
low.  While the  experimental evidence is limited, the
literature infers that high genetic cows above condition
score (CS) 4.5 partition more energy into milk production
than cows at a lower CS (Holmes et al. 1985).  The effect
of CS and genetic merit (BI, breeding index) on marginal
nutrient partitioning (MP) was adjusted by a multiplier
specified as:

(Equation 5)

MPcsbi = 0.003 x (BI - 125) + 0.066 x (CS - 4.5)
where MPcsbi = multiplier for cow condition and

breeding index.

If substitution occurs, post-grazing pasture residuals
are likely to be increased.  Research at Massey University
(Matthew et al. 1995) indicates that the amount of extra
pasture (EP; kg DM/ha) on a paddock at  the next grazing
can be represented as:

(Equation 6) EP = ER + (0.026 x ER x d)
where ER = extra post-grazing residual (kgDM/ha)

d = days between grazings.

If cows are already fully fed it is unlikely than an
immediate milk response to EP will be obtained.  To
simplify calculations the economic value (PV) of EP less
wastage was assumed to be equivalent to the cost of
alternative feeds:

(Equation 7)  PVEP = (CA x U/100) x EP
where CA = cost of alternative feeds ($/kgDM)

U = proportion of EP utilised by herd.

It is likely that body condition gained due to the
feeding of concentrates will eventually be used for milk
production.  Each kg of liveweight (LW) moblised for
milk production supplies 16 MJ NE (AFRC, 1993), enough
for 0.38 kg MS/kg LW loss.

(Equation 8) MSLW = 0.38 x LWg
= 0.38 x (1 - MP) x MEI/32

where MSLW = milksolids production due to mobi-
lisation of live weight (kg).

LWg = marginal LW gain from concentrate
feeding

MP    = as specified in Equation 3
MEI   = marginal energy intake (MJ ME/d).

If extra body condition is carried over and used in the
dry period, not all LWg may be used for milk production.
Thus, the proportion of LWg used for milk production
must be subjectively specified on the basis of past experi-
ence and seasonal conditions.

Reports in the literature suggest that feeding concen-
trates will probably improve herd reproductive perform-
ance if cows are in a negative energy balance and at a low
condition score (<4.3) before mating (Neaves, 1995, p.
30).  Adjustments to herd reproductive performance would
also apply only in farm situations where concentrates are
fed in the month prior to  and during mating.  The propor-
tion of the herd which is likely to benefit in reproductive
terms from concentrate feeding is specified by the user.
Where benefits do occur, expected milk production is

DM digestibility (DMD) of pasture exceeded 70%:

(Equation 1)

SR = 0.313 (PI + CI/2) - 0.48 for 1.5<P1 + CI/2 <4
where PI = pasture intake (prior to concentrates being

offered) (kgDM/100kg LW).
CI = concentrate intake (kgDM /100 kg LW).

Substitution rate is also a function of the dry matter
digestibility (DMD) of the concentrate and pasture.  Where
high fibre concentrates are fed, SR decreases relative to
situations where high starch concentrates are fed.  (The
literature suggests SR could be up to 20% lower for high
fibre diets (Neaves, 1995)).  A multiplier (SRd) was devel-
oped to account for the effect of the DMD of pasture and
concentrate on gutfill where cows are fed forage ad libitum.

(Equation 2) SRd = (100 - DMDc)/(100 - DMDp)

where  c, p = DM digestibility (%) of concentrate and
pasture, respectively.

The marginal partitioning (MP) of energy to milk
production was represented in simplified form as:

(Equation 3) MP = 85.5 - 0.351 x EI100

where EI100 = energy intake (MJME/d)/100 kg LW.

The energy content of pasture (Ep; MJME/kg DM)
was calculated from MAFF (1975) as:
(Equation 4)

Ep = 0.16 x DMDp - 0.77

An effect of concentrate feeding level per se is not
expected unless concentrates make up more than 40% of

FIGURE 1:   Components of a decision support model for the
feeding of concentrates to lactating cows grazing pasture.
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derived as 1.2 kg MS/cow for each day calving date is
advanced as shown in Equation 9.

RR = r x 1.2 x d (Equation 9)

where RR = reproductive response (kg MS/c)
r = proportion of herd affected (below CS

4.3 and losing LW)

No adjustment factor was included in the model for
stage of lactation effects on the marginal response to
concentrate feeding.  In theory the milk response to con-
centrates in late lactation could be expected to be less than
in early lactation because a greater proportion of feed
consumed is partitioned into liveweight gain (Moe et al.
1970; Stockdale & Trigg 1985, 1989).  However, Kellaway
& Porta (1993) in a review of five mid- to late lactation
experiments calculated the same average response as for
early lactation studies, but with less variation, suggesting
similar rates of marginal partitioning of nutrients to milk
in early and later stages of lactation.  Interpreting results
from late lactation concentrates feeding experiments is
often complicated by a seasonal decline in the quantity and

quality of pasture, and carry-over effects may not be
evident until the next lactation. For example, none of the
late lactation experiments reported by Kellaway & Porta
(1993) reported residual production responses.  In the light
of these equivocal results on marginal responses, and
in the interest of maintaining the model’s structural sim-
plicity for decision support, stage of lactation effects were
not modelled.

Spreadsheet model
While the calculations to estimate the net benefit

from feeding concentrates were reduced to 42 steps (Neaves
1995), these still required considerable  time (50-60 min-
utes) for completion. This  amount of time is prohibitive if
more than one scenario is to be investigated for a herd
situation.  A spreadsheet version of the model was there-
fore programmed to enable different options to be ana-
lysed quickly and for “What if?” questions to be answered.
An example template with completed calculations is shown
in Table 1.

TABLE 1:   Example set of inputs and outputs for the spreadsheet model.

No. Cows 150 Extra pasture remaining (kg DM/ha/d) 84.58

Cow LW (kg) 450.0 Extra Pasture growth (kg DM/ha/d) 2.20

Area grazed in one day (ha) 3.0 Days until next grazing 16.67

Total farm area (ha) 50.0 Total extra pasture (kg/ha/d) 7.27

Intake before conc (kg DM/c/d) 15.0 Cost of alternative feed ($/kg DM) 0.25

Intake/100 kg LW (kg DM/c/d) 3.33 Utilisation of extra pasture (%) 70.00

DM% of concentrate (%) 85.0 Value of extra pasture ($/ha/d) 1.27

Concentrate to be fed (kg/c/d) 3.0 Proportion LWg used for milk (%) 80.00

Digestibility concentrate (%) 85.0 Milksolids resulting from Lwg (kg MS/c/d) 0.09

Ave cow Breeding Index (units) 130 Value of milksolids from LWg ($/c/d) 0.29

Ave cow condition score (units) 5.0 Proportion of herd < CS 4.3 and

   losing wt (%) prior to mating 20.00

Digestibility of pasture (%) 75.0 Extra milk from repro improvement 2.40

Price of milk ($/kg MS) 3.15    (kg MS/c for all cows in herd)

Price of concentrate ($/tonne) 150.00 Value of extra milksolids ($) 1134.00

Digestibility multiplier 0.10

Value of immediate milk response ($) 863.83

Substitution rate (kg pasture DM/kg conc. DM) 0.66 Value of milk from LW gain ($) 1289.67

Energy in pasture (MJ ME/kg DM) 11.23 Value of reproductive response ($) 1134.00

Energy in conc (MJ ME/kg DM) 12.83 Value of extra pasture ($) 1909.28

Energy from pasture (MJ ME) 149.45 Total benefits 5196.77

Energy from concentrate (MJ ME) 32.72 Cost of concentrate ($) 2025.00

Energy intake (MJ ME/c/d) 182.17 Cost of feeding including fixed cost ($/mth) 100.00

Energy intake/100 kg LW (MJ ME/d) 40.48 Total costs 2125.00

Condition and BI multiplier 0.05 Net benefit ($) 3071.77
Marginal partitioning to milk 0.30

Marginal increase in energy (MJ ME) 13.72

Extra milk production (MS/c/d) 0.06

Extra LW gain (kg/c/d) 0.30

Value of extra milk ($/c/d) 0.19

Cost of concentrate ($/c/d) 0.45

Benefit/loss ($/c/d) -0.26

Margin/kg conc fed ($) -0.09
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RESULTS AND VALIDATION

A farm example
The net benefit from feeding concentrate purchased

at different prices for a herd of 150 cows in Tasmania
consuming different levels of pasture in early lactation is
illustrated in Table 2.  Other inputs for this herd situation
are as shown in Table 1.  The value of concentrate varies
according to the pasture conditions on the farm and is
greatest when pasture cover is low.

TABLE 2:   Predicted net benefit ($) from feeding concentrates for
different levels of pasture intake and concentrate prices for a herd of
150 cows.

Pasture Intake (kg DM/c/d)
Concentrate price ($) 9 12 15

150 $4093 $3542 $3072
300 $2069 $1517 $1047
450 $43 -$507 -$978

The effect of adding concentrates in late lactation, as
a means of reducing grazing pressure and extending lacta-
tion, was explored.  If cow pasture DMI was reduced from
12 to 10 kgDM/c/d through concentrate feeding at 4 kg/c/
d, (ie the substitution rate is 0.49 (Equation 1)), pasture
cover could be increased by 295 kg DM/ha over a period
of one month and this would allow lactation to be extended
by 16 days.  Such an extension may then allow the benefit
of autumn rains on pasture growth to be utilised for milk
production.  Under these conditions, and if immediate
milk responses only were considered, the farmer would
lose money if the cost of grain exceeded $195/t.  If costs
(other than grain purchase) were  $100 per month, and  all
pasture spared was used for milk production (i.e. EP =
1.0), the farmer could afford to pay upto $382/t for grain
(before adding the net benefit form extra days in milk).

Validation
Data from the Elliott Research Station (ERS) were

used to determine the accuracy of model predictions.  At
ERS four experimental herds are run: two are fed concen-
trate, the others are on pasture only (Dickens, A. 1995
pers. comm.)   One herd from each feeding strategy is on
irrigated pasture; the companion herd is on dryland swards.
The data used for the validation, based on the farmlet
situation on 13 December 1995 when cows were stocked
at 2.2 cows/ha were as follows: concentrate with 85% DM
and 85% DMD was fed at 2.2 kg DM/c/d;  the pasture
DMD was 70%; the herd BI was 130 and condition score
was 4.75; 50% of pasture spared through substitution (i.e.
EP) was used for milk production; and 80% of LWg was
later used for milk production.  For these conditions the
model predicted a response of 0.13 kg MS/c/d from con-
centrate feeding.  The actual difference between the con-
centrate and no concentrate herd was 0.15 kg MS/d.  The
associated liveweight and pasture cover predictions by the
model were difficult to validate with the ERS data because

of the large variation between weeks in the measures of
these parameters (due to differences between operators as
well as physical variation).

At $3.15/kg MS the maximum price that could be
paid at ERS for grain was $160/t for the  short-term milk
response and $300/t if long-term effects were accounted
for.  If less LWG (50% v. 80%) was used for milk produc-
tion later in lactation, the loss would be made if the grain
price exceeded $250/t.  Thus, the use of extra body condi-
tion is a critical factor in the long-term profitability of
concentrate feeding in pasture-based systems.  The ERS
data implies that most LWG is used for milk production,
because the average liveweights of the two herds were
similar at the end of the 1994/95 season.

CONCLUSION

A simple decision support model was developed to
provide consultants and farmers with a quick indication of
the economic benefit likely to be achieved by feeding
concentrates to cows on pasture.  The model was formu-
lated from relationships reported in the literature  to incor-
porate both short- and long-term effects of concentrate
feeding on milk production and was tested against farmlet
data for a concentrate feeding trial at the Elliot Research
Station in Tasmania.  The preliminary validation  suggests
that the model predictions are adequate for guiding farm
management decisions.  Further validation against New
Zealand data, such as that of McCallum et al. (1995), is
now required.  While calculations can be performed manu-
ally via a checklist of equations, the spreadsheet version
makes it possible to study a wider range of production and
price scenarios, together with the financial risk associated
with concentrate feeding.  The structure of the model
encourages the consultant and farmer to discuss the origin
and magnitude of responses to concentrates, and hence to
gain an improved understanding of how dairy systems  can
be modified to reduce the effects of seasonal pasture
growth on milk output.
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