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I. INTRODUCTION 

This bulletin reports on the first stage of a project initiated at Lincoln 
College in 1971, to study the feasibility of intensive beef production based 
on irrigated lucerne. As such it is a problem in the design and evaluation of 
a new farming system .. 

The first stage of the project involved developing a computer model to 
study the proposed system, and to provide guidelines for the establishment 
of an actual field trial. The second stage of the project will be concerned 
with the establishment and operation of the real system. 

The work to date has been primarily designed to provide information 
- for research workers rather than potential commercial operators. Thus, 

while the physical and financial results presented here may be of consider
able general interest, it must be remembered that they are derived from a 
mathematical model - not from a real system. In time these theoretical 
results will be supplemented by results from the field trial, and it will then be 
possible to give more informed advice to farmers contemplating adoption of 
the system. 

A primary objective in presenting this report is to illustrate the role 
that a systems modelling exercise can play in making initial decisions on the 
design of field experiments. As far as the authors are aware this project is the 
first in New Zealand to follow the "systems research approach" to the study 
of a new farming system. 
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II. BRIEF OUTLINE OF SYSTEM 

2.1 Basic details 

The proposed system has been studied in relation to a possible enter
prise on farms in Canterbury with access to spray irrigation. In broad terms, 
it involves fattening cattle on irrigated lucerne supplemented by Tama rye
grass and hay for winter feeding. Cattle are bought in as weaners in April and 
sold in the following February-March. This is the most practical time for 
purchase and sale, although it may not maximise returns from the system. 

2.2 Soils and climate 

The basic lucerne and Tama production data were taken from a limited 
number of trails in a specific locality. Consequently, the results need to be 
related to this specific system environment, and extrapolation to other 
regions should be treated with caution. 

The pasture production data were taken from trials on "Paparua sandy 
loam" and "Wakanui silt loam". In general terms these can be described as 
fertile, deep (15-24 inches) alluvial soils, free-draining and with a water 
holding capacity of 3-4 inches. As such they are representative of the best 
plains soils in Canterbury. Fertiliser requirements were assumed to be 3 cwt 
per acre of 30% potassic super plus 30 units of N per acre as urea for the area 
in pure Tama. Lime would be applied at 1 ton per acre for every four years. 

The climate of this region is typified by a variable annual rainfall of 
from 14 to 38 inches (26 inches average). Because of this variability, irrigat
ion is essential in any intensive feed production system, to ensure consistently 
high levels of output. Average temperatures vary from -5.5° minimum and 
1.7°maximuminwinter, to3.3°minimumand 33° maximum in summer. On 
average there are 89 frost days per year, mainly between March and Novem
ber. Although irrigation will overcome rainfall variability, it is likely that 
temperature will constitute a major source of variation in pasture production. 
No attempt has been made as yet to try to incorporate temperature variabil
ity in the model. 

2.3 Physical features 

It was assumed for the modelling exercise that the system would be 
operated on an area of 25 acres. This would allow eight 3-acre paddocks, 
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with the remaining acre taken up by a central lane. This lane could be used as 
a "loafing" area during periods of restricted grazing, to avoid undue pasture 
damage due to treading. In practice, the use of electric fencing for most 
internal subdivision would allow for greater flexibility and control of grazing 
than has been assumed for this exercise. 

The 25 acre unit is also a convenient size for a spray irrigation plant 
(capacity of proposed plant is approximately 95 g.p.m.). In practice, the 
size of a unit would need to be related to irrigation capacity so that soil 
moisture could be maintained at, or near optimum levels for lucerne growth. 
The determination of the (economic) optimum area in relation to irrigation 
capacity would need to take climatic variability into account and no attempt 
was made to study this problem. 

A final consideration in determining the size of the unit was that 25 
acres is a sufficiently large area to minimize problems of extrapolation from 
trial to commercial conditions. This of course is particularly important when 
studying systems, as opposed to components of a system. Furthermore, at 
the stocking rates investigated, the number of cattle involved is great enough 
to absorb variations in individual animal performance. 

The total capital cost of setting up such a unit (excluding cattle and 
labour) was estimated to be $5,350 (Vallance, 1971). 
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III. THE PASTURE SUBSYSTEM 

3.1 Introduction 

The design of any animal production system based on grazed pasture is 
complicated by within and between season variation in pasture production. 
The use of irrigated lucerne overcomes the problem of variable summer pro
duction, but it accentuates the fact that lucerne gives little, if any, production 
over the winter period. While forage can be transferred from summer to winter 
by conserving as hay or silage, the quality of this feed tends to be much 
lower than the original green material. It was believed that an intensive 
cattle fattening system would need to include some high quality winter 
feed, {1) and for this reason, Tama ryegrass was included. 

The pasture rotation that was devised after consultation with agrono
mists, is shown in Figure 3.1. A feature of the rotation is that assuming eight 
paddocks of equal size, nearly two thirds of the total area would be product
ive over the winter period. 

Figure 3.1 

Year 

1 
2 
3 
4 
5 
6 
7 
8 

Pasture rotation 

Tama, sown late February 
Lucerne, sown February 
Lucerne 
Lucerne, overdrilled with Tama in February 
As for year 4, hay crop taken in summer 
Lucerne 
Lucerne, overdrilled with Tama 
Lucerne, overdrilled with Tama 

(1) This may not be so important for systems which do not require relatively high animal growth 
rates over winter. 
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3.2 Pasture Management 

Lucerne and Tama would be sown in late February- early March, and 
Tama would be oversown into established lucerne at this time. The new 
lucerne would be first grazed in early winter when well established, but Tama 
would be the main source of winter and early spring feed. To ensure good 
establishment of overdrilled Tama in the face of lucerne competition, the 
pastures would need to be grazed in late March with the last of the fattening 
cattle. The practice of taking a hay crop in the fifth year of the rotation, 
with a spell from overdrilling in the sixth year, should ensure the maintenance 
of a vigorous lucerne stand. 

The major feature of the grazing management would be rotational 
grazing of both lucerne and Tama. The five paddocks containiing Tama would 
be strip grazed over the winter on a rotation of about 10 weeks. This would 
provide feed from late April, when the weaners are bought until mid
September. The lengths of the rotation in spring, summer and autumn would 
need to be varied to suit Lucerne production. 

A suggested system is that all paddocks be included in the first spring 
rotation of eight weeks. At this stage, the feed in the overdrilled paddocks 
would be mainly Tama. The next rotation would be six weeks in length. The 
pure Tama paddock would be ploughed iin December for summer fallowing 
prior to sowing with lucerne in February. The paddock used for hay product
ion would also drop out of the rotation and be managed exclusively for hay 
production. The mid-summer rotation could be shortened if necessary by 
taking an additional paddock out for a hay crop. 

3.3 Lucerne Productimu 

Production data for irrigated lucerne were derived from research carried 
out at Lincoln College, in particular, the work of Hogland (1971 ). Estimated 
mean daily growth rates o{ lucerne ranged from a mid-winter low of 16 
lb DM/acre, to about 160 lb DM/acre in summer. Assuming near optimal 
defoliation patterns this would give an annual yield of about 25,000 lb 
DM/acre. Because there was some doubt as to whether these experimental 
yields could be obtained in practice, and because the research data related to 
above average seasonal conditions, a conservative growth rate curve was 
synthesized. This is illustrated in Figure 3.2, and differs from the experimen
tal data in that the lower axis has been raised to give a period of zero growth 
over the winter. Total annual production using this relationship would be 
about 17,500 lb DM/acre. This deliberate under-estimation of yields was 
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based on the philosophy that if the system could be proved viable on this 
basis, then higher yields in practice could only improve the results. 

3.4 Tama production 

Tama ryegrass is designed to fit into the system both as a special
purpose crop prior to lucerne renewal, and for oversowing into established 
lucerne stands to provide winter and early spring production. The data for 
Tama production was derived from recent trials at Lincoln College and 
Grasslands Division, D.S.I.R. (2). The growth rate curves for pure and over
sown Tama are shown in Figure 3.3. The average winter growth rates of 40 
and 20 lb OM/acre/day for pure and oversown Tama respectively, assume 
that under grazing, total DM does not accumulate to the point at which 
growth rates fall off rapidly (about 3,000 lb OM/acre for pure Tama). 

Total production from the Tama component of the system can be 
summarized as follows: 

Winter (Feb. - Aug.) 
Spring (Aug. - Dec.) 

Total (lb OM/acre) 

Pure Tama 

6,000 
6,000 

12,000 

Overdrilled Tama 

3,000 
3,500 

6,500 

Using a rotation as given previously, total annual DM production would 
be about 20,000 lb/acre. 

3.5 Feed supply input data 

The feed input data for the model was in the form of lbs DM available 
for grazing each week. The data were calculated manually assuming rotational 
grazing of the eight 3-acre paddocks. An attempt was made to schedule c/ 

defoliation at or near the optimal time in relation to plant growth character-
istics, and total dry matter available at each grazing was based on the growth 
rate curves in Figures 3.2 and 3.3. A basic hay production programme was 
also included, and this yielded 903 bales (45,516lbs OM) after allowing for 
30 percent DM losses in haymaking. This exercise highlighted the complexity 
of planning a grazing schedule for such a system, and the resultant feed 
supply pattern, shown in Table 3.1, should not be regarded as optimal. 

(2) White, J.G.H., Lincoln College, and Vartha, E.W., Grasslands, Pers. comm. 
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FIGURE 3.3 Estimated growth rate curves for Tama 
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TABLE 3.1 

Feed Supply Input Data (lb DM) 

Week Lucerne Tama Week. Lucerne Tama 

1** 0 0 27 1,401 4,659 
2 0 0 28 2,780 1,845 
3 0 0 29 1,761 3,807 
4 3,036 0 30 2,238 4,004 
5 4,386 0 31 5,701 2,221 
6 2,568 357 32 5,652 3,172 
7 2,970 0 33 0 10,236 * 
8 1,195 1,157 34 4,190 4,142 
9 956 1,200 35 10,157 2,260 

10 1,116 1,150 36 8,310 4,857 
11 1,116 1,360 37 9,423 3,798 
12 1,116 1,570 38 10,578 0 
13 1,116 1,780 39 11,754 0 
14 2,467 40 11,280 297 
15 2,747 41 12,204 0 
16 3,360 42 13,023 0 
17 3,385 43 13,686 0 
18 1,890 44 14,151 (\ 

v 

19 1,890 45 14,403 0 
20 1,890 46 14,424 0 
21 1,896 47 14,193 0 
22 1;923 48 13,740 0 
23 1,981 49 13,056 0 
24 3,772 50 12,048 0 
25 3,586 51 7,278 0 
26 969 4,605 52 7,164 0 

* Grazing management could be adjusted to spread some of this peak amount of Tam a. 
**Week 1 starts on 25th March. 
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IV. THE ANIMAL COMPONENT 

4.1 Stock policy 

The beef production policy for which the system was designed, was 
basically one of buying average weaner steers in April at liveweights of 
400-500lb, and selling at weights of 1,000 lb or more in late February/early 
March. Anum ber of specific policies could be devised within this basic policy, 
with the main differences being in winter stocking rates. The determination 
of optimal policies with respect to stocking rates, was left as an objective for 
computer experimentation. 

A continuous supply of high quality feed which the system should 
provide lends itself to the production of heavyweight carcasses at 18-20 
months of age. Only late maturing breeds of cattle are likely to show suffici
ently high growth rates to achieve this target. Since the Friesian steer is at 
present penalized for its poor carcase shape and low fat content, it is con
sidered that the Friesian x Angus, or Friesian x Hereford, or crosses between 
the traditional beef breeds and the Charolais, would be most satisfactmy for 
producing carcasses in the 550-600 lb range grading G.A.Q. 

4.2 Feed nutritive value 

Digestible organic matter (DOM) was accepted as a sufficiently accurate 
measure of feed nutritive value for the purposes of estimating feed demand. 
The technical coefficients for feeds likely to be used in the system are shown 
in Table 4.1. 

TABLE4.1 Feed Characteristics 

%DM %OM %Dig %DOM 
inDM of OM (DM basis) 

Lucerne (spring) 15-20 
(summer) 25 90 77 70 

Tam a (winter) 12 89 80 
(spring) 15 90 73 64 

Barley grain 87 92 90 83 
Lucerne hay 85 93 58 54 
Meadow hay 90 94 54 50 
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The digestibility of organic matter for lucerne is known to vary consider
ably with the time of the year and the stage of growth. Alder and Minson 
(1963) suggest a digestibility of 60-70 percent. Joyce et al (1972) obtained 
values for non-irrigated lucerne ranging from 63 at flowering to 76.4 at the 
early vegetative stage. Work at Lincoln College (1) suggests a DOM value for 
lucerne of about 70 per cent on a dry matter basis, which implies an organic 
matter digestibility of about 77 percent. Because of its relevance to the 
conditions for the proposed system, this latter estimate was accepted as the 
initial basis for the study. The range in values is illustrated in Table 4.2. 
It is appreciated that these values are rather high in relation to other esti
mates, and that actual figures could be significantly lower if conditions led 
to the lucerne being grazed later than the immediate pre-flowering stage. The 
likely effects of lower digestibilities for lucerne were examined as part of the 
computer experimentation programme. 

TABLE 4.2 

March (mid) 
April 
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 

Digestibility Values for Lucerne and Tama* 
(% ofDM) 

Lucerne 
80 
77 
77 
77 
77 
88 
84 
79 
77 
77 
77 
77 

Tam a 
89 
89 
89 
89 
89 
89 
89 
86 
64 
so 
so 
so 

* Note that there is unlikely to be substantial quantities of lucerne avail
able for grazing between the end of June and the end of August Simil
arly, there will be little if any Tama available from mid-December until 
mid-May. 

(1) I.E. Coop and K.T. Jagusch, pers. comm. 
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The digestibility figures for Tama were also based on work done at 
Lincoln College 0), and are illustrated in Table 4.2. The rapid fall off in 
digestibility from mid-October is of relatively minor importance, as by this 
time the oversown pastures will be rapidly progressing towards lucerne domi
nance. 

4.3 Intake and weight gains 

The estimation of DM intake and liveweight gains were based on pro
cedures developed by Greig (1971). 

The upper limit to intake is estimated as a function of both liveweight 
·and digestibility, i.e. 

RINT = f(W, DIG) (4.1) 

where RINT is DM capacity (appetite), and DIG is the digestibility of 
the ration. When the ration consists of feeds of different digestibilities fed in 
varying proportions, e.g. a predetermined quantity of Tama with ad lib hay, 
then. the proportions of each feed in the ration must be known before com
bined digestibility can be estimated. As these proportions depend on intake, 
which itself is a function of digestibility, the problem exists of determining 
RINT and DIG simultaneously. This was done in the computer model by an 
iterative procedure, and sample values for RINT are given in Table 4.3. 

TABLE4.3 Dry Matter Intake 
(as a percentage ofliveweight) 

Live weight (lb) 

400 
500 
600 
700 
800 
900 

1,000 

(1) J.G. White and K.T. Jagusch, pers. comm. 

0.50 

2.00 
1.83 
1.67 
1.50 
1.33 
1.17 
1.00 

15 

Digestibility of Ration 

0.60 0.70 

2.50 3.00 
2.33 2.83 
2.17 2.67 
2.00 2.50 
1.83 2.33 
1.67 2.17 
1.50 2.00 

0.80 

3.50 
3.33 
3.17 
3.00 
2.83 
2.67 
2.50 



Daily feed requirements for maintenance and weight gain are conven
tionally estimated by a relationship of the form. 

DOM = kt wa + k~ (4.2) 

where wa is metabolic body size, k1 is DOM per unit of wa, k2 is DOM, 
required per unit of weight gain, and g is daily weight gain. There is variation 
in the experimental values of k 1 (Joyce, 1971 ), but for this study k 1 was 
taken as 0.065, being the value most consistent with N.Z. data using a value 
for a of0.73. 

Once DOM intake is known, daily maintenance requirements can be de
ducted to give the amount of DOM available for liveweight gain as in 
equation 4.3 0). 

WG=(DOM - 0.065WO. 73)/RG (4.3) 

The requirement per unit of weight gain RG, varies according to live
weight, daily weight gain and the digestibility of the diet, e.g. 

RG=f(W, WG, DIG) (4.4) 

Thus RG is a function of WG, which in turn is a function ofRG, again 
raising the problem of simultaneous determination of variables. Greig's pro
cedure for iterative solution was inco~orated in the model, and sample 
values for RG are given in Table 4.4 ( ). 

TABLE 4.4 

Liveweigh t (1 b) 

Requirements for Weight Gain 
(lb DOM/lb gain) 

Daily Weight Gain (1b) 
1.0 1.5 2.0 2.5 3.0 

400 1.21 1.29 
500 1.32 1.40 
600 1.42 1.50 
700 -1.53 1.61 
800 1.63 1.71 
900 1.74 1.82 

1,000 1.85 1.92 

1.43 
1.53 
1.64 
1.74 
1.85 
1.95 
2.06 

1.56 
1.67 
1.77 
1.88 
1.98 
2.08 
2.19 

1.69 
1.80 
1.90 
2.00 
2.11 
2.22 
2.32 

(1) WG and RG in equation 4.3 correspond to k2 and gin equation 4.2. 

(2) The relationships for estimating RINT and RG assume linear functions. As Greig (1972) has 
noted, more realistic non-linear functions could be fitted given the appropriate data. 
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4.4 Animal health 

The major problem associated with cattle grazing lucerne is likely to be 
bloat. Apart from the possibility of deaths, it has been reported that bloat 
can cause a significant reduction in growth rates (Reid and Clarke, [ 1970] ). 
However, many workers have reported successful control using "pluro
nics" (1 )_ The magnitude of the problem with beef cattle on lucerne under 
New Zealand conditions is largely unresolved. 

(1) See, for example, Lorang 0971), Stiles and Bartley (1970), Bartley eta! (1965), Phillips (1968). 
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V. THE COMPUTER MODEL 

5.1 Introduction 

The basic computer model used in this study was adapted from a model 
developed by Greig ( 1971) to study beef cattle feedlot systems. The program 
listing and operating instructions are not given here as the model is still 
undergoing development to improve its applicability and operational effici
ency. Also, in practice, several versions of the basic model were used for the 
various experimental treatments. 

5.2 Brief description of model 

The input data required for the model is listed in Table 5.1. As discussed 
in section 3.5, feed supply data were calculated separately for a specified 
grazing system. Although the basic time unit for the model is one week, in
takes and weight gains are calculated on a daily basis using the relationships 
discussed in Chapter IV. Daily weight gains are multiplied by seven to give 
weekly changes in average livestock. 

TABLE 5.1 Input Data Required 

Lucerne availability (lb. OM/week) 
Tama availability (lb. OM/week) 
Digestibility of O.M. for lucerne (weekly) 

Digestibility of O.M. for Tama (weekly) 

Digestibility of O.M. for hay 

Timing of cattle intakes 
Terminal week for hay feeding 
Initial cattle numbers, average weight, and 

terminal variation in weight 
Liveweight target for sale 
Hay intake limit (lb. OM/day) 
Cattle numbers in second and third intakes 

The various feed combinations that can be handled by the model are: 

18 



Tama +hay 
Tama +lucerne 
Tama +Lucerne+ hay 
Lucerne + hay 
Lucerne 

Normally it is assumed that animal intake is equal to ad lib appetite, 
with hay being fed when the Tama and lucerne available for grazing fails to 
meet the demands of appetite. However, the level of hay feeding can be con
trolled to give intakes less than appetite. Any excess lucerne for the week is 
recorded, and in practice this would be used for making additional hay. It is 
assumed that there will never be an excess of Tama. 

Although all relationships are based on average animal weights, the 
model takes some account of the fact that individual animals will mature or 
"finish" at different weights. A range in weights is incorporated by specifying 
a variation in weight. Thus, if the variation used is 100 lb, the weight range 
will be from a minimum of (W -1 00) to a maximum of W+ 1 00) lbs, where 
W is the average weight. The selling routine is initiated by specifying a target 
for the minimum weight. Thus if the target liveweight is 1000 lb, sales of 
cattle will commence once the minimum weight reaches this target. Currently, 
the model spreads the sales equally -over five weeks although this can be easily 
changed. Each group sold is assumed to have the same average weight as those 
still in the system. Although this is a crude simulation of the selling process, 
it is preferable to assuming that all animals are sold at the one point in time 
and at the same average weight. One limitation of the current version of the 
model is that it assumes subsequent intakes of cattle have the same average 
weight as those already in the system. 

5.3 Model output 

A sample of the output from the model is given in Table 5.2. Together 
with this weekly output, an annual summary is given showing total live
weight input and output, and total hay eaten. While the annual totals are all 
that are required for subsequent financial budgeting, it is evident that the 
weekly output in Table 5.2 makes it vecy easy to follow the performance of 
the system in terms of animal performance and feed available, through time. 
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N 
0 

TABLE 5.2 

Week 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Available Feed 
lb. OM 

lucerne Tama 

1004 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

872 

1260 

2502 

1584 

2014 

5130 

5086 

1780 

2467 

2747 

3360 

3385 

1890 

1890 

1890 

1896 

1923 

1981 

3772 

3586 

4605 

4659 

1845 

3807 

4404 

2221 

3172 

* Intake limit of S.Sib(day 

Sample of Computer Output 

Daily Ration 
lb. OM Digestibility Cattle 

Tama Lucerne Hay* of ration Nos. 

6.2 

8.5 

9.5 

11.7 

11.7 

6.5 

6.5 

6.5 

6.6 

6.7 

6.9 

8.8 

8.3 

10.7 

10.9 

4.3 

8.9 

9.3 

5.2 

5.3 

3.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.0 

2.9 

5.8 

3.7 

4.7 

12.0 

8.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

5.5 

3.6 

5.5 

-~ 

.n 

.n 

.m 

.m 
~ 

~ 

.M 

.M 

-~ 

-~ 

.n 

.n 

.m 

.m 
-~ 

.n 

.n 

.n 

.72 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

61 

61 

61 

61 

61 

61 

61 

61 

85 

Requirement Weight 
Average Appetite for gain gain 
Weight % of L W lb.DOM/Ib. lb/day 

562.9 

577.4 

589.7 

604.1 

622.6 

640.8 

644.6 

648.3 

651.8 

655.2 

658.9 

663.2 

673.2 

681.7 

699.9 

719.4 

729.9 

745.6 

763.3 

782.4 

2.9 

2.8 

2.9 

3.0 

3.0 

2.6 

2.6 

2.5 

2.5 

2.5 

2.5 

2.7 

2.6 

2.9 

2.9 

2.6 

2.7 

2.7 

2.7 

2.4 

1~ 

1.56 

165 

1~ 

1.00 

1.~ 

~~ 

1.~ 

1.~ 

1.~ 

1.~ 

1.~ 

1.51 

1~ 

200 

1~ 

1.~ 

200 

216 

1M 

200 

1.W 

204 

2M 

256 

0~ 

~2 

0~ 

OG 

0~ 

0~ 

1~ 

1.21 

256 

2M 

1.~ 

2~ 

2~ 

272 

204 

Nos. 
Sold 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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5.4 Experimentation 

The model itself is purely descriptive and does not contain any opti
mising procedures. However, because of the speed of operation ( 1) it is possi
ble to evolve different systems very quickly by experimenting with the model. 
For example, an initial set of decisions and assumptions is specified, and the 
model is "run" for a complete year. The detailed output is examined for 
possible improvements, and the model is then re-run under a new set of 
conditions. It is possible, that when the more critical parameters of the 
system are authenticated from the field trial, further computer simulation on 
optimising the system could be undertaken. 

(1) Using an IBM 1130 computer, the model takes approximately one minute to simulate one 
year's operation of the system. . 

21 



VI. EXPERIMENTAL RESULTS 

6.1 Introduction 

The experimental programme using the computer model consisted of 
two main phases. Fir~tly, a trial and error form of experimentation was useJ 
to try and establish a control or base system. This was essentially a problem 
of scheduling stock numbers in relation to the specified pattern of feed 
availability. 

The second phase involved using the control system as a benchmark for 
testing the sensitivity of system output (both physical and financial) to 
changes in some of the key variables. These changes were primarily concer
ned with feed quantity and quality, utilization by the animal, and cattle 
prices. 

Full details of the results are given in Appendix II and only summaries 
are given in the text. 

6.2 The control system 

A number of runs with the model indicated that the optimum system 
would have a winter stocking rate within the range 1.6 to 1. 5 animals per 
acre. Since different systems within this range are likely to be optimal depen
ding on price relationships, it was decided to use two control systems desig
nated "low" and "high"; The basic features of these systems are given in Table 
6.1. 

TABLE6.1 Summary of Results for Control Systems 

Low High 
Winter stocking (no) 41 61 

(/ac) 1.64 2.44 
Spring stocking (no) 61 61 

(/ac) 2.44 2.44 
Summer stocking (no) 85 85 

(/ac) 3.4 3.4 
Totalliveweight gain (lb/ac) 1499 1700 
Net profit ($/ac) 71.68 76.36 
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6.3 Hay feeding 

The digestibility of hay was reduced from the control level of 0.58 to 
0.55 ( -2¥2%) and 0.53 ( -8.6%). The level of hay feeding was also varied. 
A summary of the results is given in Table 6.2. 

The results show that as hay quality falls, liveweight gains fall during the 
winter and spring periods when hay is being fed. However, the results for 
ad lib feeding of low quality hay (DIGH = 0.53), indicate that cattle can 
compensate to some extent for poor wintering performance. Because the 
animals are lighter corning into the spring, there is more feed available per 
pound of liveweight and the maintenance requirements are relatively lower. 
Hence higher liveweight gains are possible during the summer which tends to 

TABLE 6.2 

Effect of Hay Quality and Quantity on 
System Performance 

Hay restricted Ad lib hay 

Hay Digestibility .58+ .55 .53 .58 .55 .53 

Low winter stocking rate 
LW gain (lb/ac) 1,499 1,440 1,434 1,560 1,472 1,518 
Winter LW gain (lb/day) 1.52 1.46 1.42 2.06 1.92 1.83 
Spring LW gain (Ib/day) 2.12 2.09 2.07 2.31 2.22 2.17 
Summer LW gain (lb/day) 1.77 1.76 1.78 1.54 1.57 1.63 
Hay intake limit (lb DM/day) 5.5 5.5 5.5 i0.9 i0.2 9.8 
Total hay consumed(OOO lb DM) 55.37 54.57 54.04 81.37 76.17 72.94 
Hay bought (bales) 253 236 225 796 687 620 
Net Profit ($/ac) 71.68 65.32 65.12 60.88 50.04 62.92 

High winter stocking rate 
LW gain (lb/ac) 1,700 1,657 1,629 1,649 1,657 1,629 
Winter LW gain (lb/day) 1.54 1.35 1.21 1.55 1.35 1.21 
Spring LW gain (lb/day) 2.45 2.39 2.36 2.45 2.39 2.36 
Summer LW gain (lb/day) 1.71 1.78 1.83 1.68 1.78 1.83 
Hay intake (lb OM/day) II 10.3* 9.8* 11.2 10.3* 9.8* 
Total hay consumed(OOO lb DM) 109.62 101.92 96.81 110.06 101.92 96.81 
Hay bought (bales) 1,386 1,224 1,118 1,395 1,224 1,118 
Net Profit ($/ac) 76.36 75.76 75.40 69.80 75.76 75.40 

+ control system 

* ad lib. hay less than restriction 
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compensate for poor wintering due to low quality hay. 

Another point to emerge from the results is that it may not pay to in
crease hay feeding to ad lib levels in an attempt to maximize winter perfor
mance. As indicated by the results for the low winter stocking rate, increased 
hay feeding leads to a fall in profits due to lower summer weight gains ancl 
the increased cost of hay. Although the animals are heavier going into the 
summer they require a relatively higher proportion of available feed for 
maintenance, compared with a lighter animal. The overall conclusion is that 
the price paid for hay should reflect its quality, and that relatively low 
levels of hay feeding in winter may be acceptable providing the animals are 
making adequate growth. 

To test the sensitivity of the results to the price of bought-in hay, the 
budgets for the control systems were recalculated using hay prices of 30, 50 
and 80 cents per bale. The results are given in Table 6.3, and show that at the 
low winter stocking rate, quite large variations in price have relatively little 
effect on profits. However, the high winter stocking rate becomes increasingly 
more profitable as hay prices fall. 

TABLE 6.3 Effect on Hay Price on Returns From 
Control Systems 

30 

Low winter stocking rate 

Cost of hay (253 bales) 76 
Net profit ($/acre) 74.72 

High winter stocking rate 

Cost of hay (1,386bales) 416 
Net profit ($/acre) 

* hay price for control budgets. 

6.4 Lucerne quality 

92.96 

Hay price ( c/bale) 

50 60* 

126 152 
72.68 71.68 

693 832 
81.88 76.36 

80 

202 
69.68 

1,109 
65.24 

As discussed in Chapter 4, the situation with respect to lucerne digesti-
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bility is not entirely clear, and some opinions were expressed that the digesti
bilities assumed for the control systems were rather optimistic. Consequently, 
the model was run with overall reductions in digestibility of 2Yz, 5 and 10%, 
which correspond to summer digestibilities of 0.75, 0.73 and 0.69 compared 
with the control level of 0. 77. 

The results are summarized in Table 6.4 and show as expected, that 
performance is very sensitive to lucerne digestibility. As digestibility falls, 
DM intake is reduced and DM requirement per pound of liveweight gain 
increases. An important implication for management of the proposed system 
is that it may well be preferable to sacrifice DM production by grazing the 
lucerne at an earlier stage of growth, if this results in higher feed quality. 

Given improved information from field research on lucerne digestibility 
at different times of the year and at different stages of growth, the model 
could be used to develop grazing management systems which compromise 
between lucerne quantity and quality. 

TABLE 6.4 Effect of Lucerne Quality 
on System Performance 

Per cent Reduction in 
Lucerne Digestibility 

0+ 2llz s 10 
Low winter stocking rate 

LW gain (lb/ac) 1,499 1,441 1,318 1,157 
Winter LW gain (lb/day) 1.52 1.50 1.48 1.42 
Spring LW gain (lb/day) 2.12 2.09 2.06 2.00 
Summer LW gain (lb/day) 1.77 1.66 1.50 1.09 
Hay intake limit (lb DM/day) 5.5 5.5 5.5 5.5 
Total hay consumed (000 lb DM) 55.37 54.24 53.10 51.38 
Hay bought (bales) 253 230 206 170 
Net profit ($/ac) 71.68 65.36 51.04 32.52 

High winter stocking rate 
LW gain (lb/ac) 1,700 1,584 1,561 1,316 
Winter LW gain (lb/day) 1.54 1.51 1.48 1.42 
Spring L W gain (lb/day) 2.45 2.41 2.37 2.28 
Summer L W gain (lb/day) 1.71 1.58 1.47 1.04 
Hay intake limit (lb DM/day) 11 11 11 11 
Total hay consumed (000 1b DM) 109.62 107.44 105.17 101.08 
Hay bought (bales) 1,386 1,340 1,293 1,207 
Net profit .($/ac) 76.36 63.40 61.88 34.24 

+ Control system 
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6.5 Tama quality 

Because Tama is a major component of the ration over the winter and 
spring periods only, there are unlikely to be major variations in quality pro
viding it is grazed before reaching a ceiling yield. However the model was 
re-run assuming an overall reduction in Tama digestibilities of 5 per cent and 
the results in the first column of Table 6.5 show a significant reduction. 
The greater proportionate reduction for the high winter stocking rate would 
appear to be a result of the lower proportions of Tam a in the ration, compared 
with the low winter stocking rate. 

-~.6 Quality reductions in all feeds 

To get some idea of a "worst possible" situation, the model was run 
for the following sets of conditions: 

(i) both lucerne and Tama digestibilities reduced by 5 per cent. 

(ii) as for (i), but with hay digestibility reduced by 8.6 per cent 
(i.e. to 0.53) 

(iii) as for (ii) with ad lzb hay feeding. 

The results are given in Table 6.5 and show marked reductions in profits. 
The general conclusion would be that an intensive fattening system as pro
posed is likely to be competitive with other enterprises if high quality feeds 
are used. This will have implications for both the type of feed used, and the 
standard of grazing management. 

6. 7 Variations in animal performance 

The animal parameters varied were intake, maintenance requirements 
and requirements for liveweight gain. 

Maintenance requirements were varied by changing the coefficient in 
equation 4.2, page 16. Values for k1 of 0.072 and 0.059 were used to give a 
10 percent increase and decrease respectively in maintenance requirements. 
The results are given in Table 6.6, and indicate that system performance is 
sensitive to changes in maintenance requirements ( 1 ). While it would be help-
(1) The decrease in profits for the high winter stocking rate with reduced maintenance requirements 

is primarily due to the increased cost of heavier cattle purchased in the spring. 
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ful to have more precise information on maintenance requirements, this is 
one aspect that unfortunately cannot be researched under field conditions. 

TABLE6.5 Effect of Varying Lucerne, Tama 
and Hay Quality 

Treatments + 

Control 2 3 4 5 
Low winter stocking rate 

LW gain (lb/ac) 1,499 1,456 1,294 1,248 1,271 
Winter LW gain (lb/day) 1.52 1.44 1.39 1.29 1.61 
Spring LW gain (lb/day) 2.12 2.05 1.98 1.92 1.97 
Summer LW gain (lb/day) 1.77 1.73 1.44 1.47 1.36 
Hay intake limit (lb DM/day) 5.5 5.5 5.5 5.5 9.0 
Total hay consumed (000 1b DM) 55.37 53.52 51.34 49.79 62.58 
Hay bought (bales) 253 214 169 136 403 
Net profit ($/ac) 71.68 68.04 46.00 45.60 39.68 

High winter stocking rate 
LW gain (lb/ac) 1,700 1,588 1,434 1,362 1,362 
Winter LW gain (lb/day) 1.54 1.44 1.37 1.02 1.02 
Spring LW gain (lb/day) 2.45 2.30 2.22 2.15 2.15 
Summer LW gain (lb/day) 1.71 1.67 1.40 1.54 1.54 
Hay intake limit (lb DM/day) 11 10.7* 10.6* 9.2* 9.2* 
Total hay consumed (000 1b DM) 109.62 103.10 98.64 49·.79 49.79 
Hay bought (bales) 1,386 1,250 1,157 893 893 
Net profit ($/ac) 76.36 66.48 50.28 49.20 49.20 

+ 2 Tama digestibility reduced by 5 per cent 
3 Tama and lucerne digestibilities reduced by 5 per cent 
4 As for 3, with hay digestibility reduced to 0.53 
5 As for 4, with ad lib hay 
*ad lib hay 
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TABLE 6.6 Effect of Varying Animal Parameters 

Treatments + 

Control 2 3 4 5 6 
Low winter stocking rate 

LW gain (lb/ac) 1,499 1,328 1,648 1,565 1,692 1,358 
Winter LW gain (lb/day) 1.52 1.22 1.76 1.55 2.53 1.41 
Spring LW gain (lb/day) 2.12 1.96 2.26 2.14 2.70 2.00 
Summer LW gain (lb/day) 1.77 1.52 1.96 1.91 1.48 1.70 
Hay intake limit Ob OM/day) 5.5 5.5 5.5 5.5 14.3* 5.5 
Total hay consumed (000 1b OM) 55.37 54.01 56.19 63.94 125.65 54.79 
Hay bought (bales) 253 225 270 432 1,721 241 
Net profit ($/ac) 71.68 53.68 87.64 75.20 52.32 55.72 

High winter stocking rate 
LW gain (lb/ac) 1,700 1,485 1,882 1,548 1,904 1,602 
Winter LW gain (lb/day) 1.54 1.21 1.79 1.78 2.09 1.39 
Spring LW gain (lb/day) 2.45 2.24 2.63 2.79 2.81 2.30 
Summer LW gain (lb/day) 1.71 1.58 1.97 1.74 1.63 1.66 
Hay intake limit (lb/OM/day) 11.0 10.7* 11.0 ll.O 15.0* 11.0 
Total hay consumed (000 1b OM) 109.62 103.96 113.04 144.81 162.61 106.99 
Hay bought (bales) 1,386 1,267 1,456 2,121 2,493 1,331 
Net profit ($/ac) 76.36 54.32 74.04 75.44 72.20 66.44 

* ad lib hay 
+ 2 Maintenance requirements increased by 10% 

3 Maintenance requirements decreased by 10% 
4 OM intake increased by Yz% of LW 
5 As for 4, with ad lib hay 
6 Requirement per lb LW gain increased by 0.25 lb OOM 
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The model was also re-run assuming a constant increase in intake of ¥2 
per cent of liveweight. This is equivalent to a 17-20 per cent increase in DM 
intake. As indicated by the results in Table 6.6, this has relatively little effect 
on performance when hay intake is restricted. With ad lib hay, performance 
is reduced due to the greater quantity of hay required, and the increased 
"cost" of liveweight gains for the heavier cattle in summer. 

The feed requirement for liveweight gain was varied by increasing the 
amount of DOM required per pound of LW gain by a constant 0.25lb. (This 
represents an increase of 10-17 per cent). The requirements were increased 
rather than decreased as some comment had been made that the values as 
given in Table 4.4 were likely to be low rather than high. 

System performance is sensitive to the feed requirement for liveweight 
gain as indicated by the results in Table 6.6. This is another aspect of the 
system where more precise definition would add to the realism of the results, 
but research under field conditions is unlikely to be practical. 

It is interesting to note that system performance is at least as sensitive 
to variations in intake and digestibility, as to maintenance requirements. 
Intake and digestibility are relatively simple to measure, but have often been 
neglected in the literature, whereas the more sophisticated component of 
maintenance requirements (including metabolic body size) has received much 
more attention. 

6. 7 Cattle prices 

The typical situation with cattle fattening enterprises is that cattle are 
bought at prices in excess of the ruling schedule price. As a result, some mini
mum amount of liveweight gain is required before the animal can be sold at 
a profit. 

For example, a schedule price of $24/100 lb is equivalent to a liveweight 
price of 12.24 c I lb assuming a dressing out percentage of 51. A 400 lb 
animal bought at this schedule rate would cost $48.96. If, however, this 
animal cost $56 (14c/lbLW) thereisamarginof$7.04(or 1.76c/lb)over 
schedule rates. The animal would therefore have to be fattened to 457.5 lb 
LW before it could be sold on schedule to just meet its purchase cost. 

The budgets for the control systems assumed cattle were bought in 
autumn and spring at 14 and 15c/lbrespectively (i.e. 1.76 and 2.76c/lb 
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TABLE 6.7 

Effect of Cattle Purchase Price on Control Budgets 

Low Winter Stocking Rate 
(18,450 lb. L.W. bought in autumn, 32,043 lb. L.W. bought in spring) 

Spring Autumn purchase prices ( c/lb L. W.) 
Margin 12.24 14.0 16.0 

Total net profit ($) 2,681 1,792 7.82 
+I c/lb Net profit/1 00 lb. L.W. bought ($) 5.31 3.55 1.55 

Net profit/acre ($) 107.24 71.68 31.28 

Total net profit ($) 2,360 1,472 462 
+2c/lb Net profit/100 lb. L.W. bought ($) 4.67 2.91 0.91 

Net profit/acre ($) 94.40 58.88 18.48 

High Winter Stocking Rate 
(27,450 lb. L.W. bought in autumn, 19,360 lb. L.W. bought in spring) 

Spring 
Margin 

Total net profit 

Autumn purchase prices (c/lb. L.W.) 

12.24 14.0 16.0 

($) 2,732 1,909 972 
+ 1 c/lb Net profit/100 lb. L.W. bought ($) 5.84 4.07 2.07 

Net profit/acre ($) 109.28 76.36 38.88 

Total net profit ($) 2,538 1,715 779 
+2c/lb Net profit/100 lb. L.W. bought ($) 5.42 3.66 1.66 

N.B. 

Net profit/acre ($) I 01.52 68.60 3l.l6 

(a) All beef sold on $24 schedule = 12.24 c/lb assuming dressing 
percentage of 51. 

(b) Autumn purchase prices above are equivalent to schedule prices 
of $24, $27.44 and $31.36. 

(c) Spring purchase margin is a margin over autumn purchase prices. 
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over the schedule rate of 12.24c /lb). The budgets were then recalculated for 
other assumptions about the margin between purchase cost and schedule 
price. The results are given in Table 6.7, and as might be expected, show that 
cattle prices are the most important factor determining system profits. It is 
clear, however, that it is not absolute prices but rather the margin between 
purchase and sale price that is the important factor ( 1). 

The other point to emerge from the results is that the high winter stock
ing rate has an increasing advantage as the margin between purchase and 
schedule prices increase. This is due to the fact that compared to the low 
winter stocking rate, less Iiveweight is bought in spring, thus partly off-setting 
the spring premium for store cattle. 

6.9 An "optimum" system 

The previous results suggest that given the current market situation in 
relation to margins, the optimum system would be one that wintered all 
cattle if possible. This of course partly negates the whole idea of systems 
based on in situ utilization of increased spring and summer DM production! 

An attempt was therefore made to define the system that maximized 
returns, and the details of this system are given in Table 6.8. 

It is based on a single intake of 61 cattle bought in April at 450 lb LW, 
and this stocking rate of 2.44/grazed acre is maintained until the cattle are 
sold in March at an average liveweight of about 1,100 lb. Surplus lucerne 
over the summer period is conserved as hay. 

This system is clearly profitable, even with relatively high autumn price 
margins. 

The system was also run using the higher lucerne DM yields which have 
been obtained experimentally. With these yields, all hay requirements can be 
met from within the system and under commercial conditions there would 
be opportunity for selling excess lucerne for processing or as hay. 

(1) In fact, since this work was done, there have been considerable changes in cattle prices. The 
conclusions hold, however, in relation to the margins involved. 
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TABLE 6.8 Results for "Best" System 

LW input (mid. Apr.) 
LW sold 
LW gain 
Winter LW gain 
Spring L W gain 
Summer L W gain 
Hay intake limit 
Total hay consumed 
Hay bought 
Hay cost 
Cattle cost 
Cattle income 
Net profit 

(lb) 
(lb) 
(lb/ac) 
(lb/day) 
(lb/day) 
(lb/day) 
(lb DM/day) 
(000 lb DM) 
(bales) 
($) 
($) 
($) 
($/acre) 

Lucerne Yields 
Normal High 

27450 
69549 

1684 
1.54 
2.52 
2.36 

11.0 
103.56 

852 
511 

3843 
8512 

107.00* 

27450 
69442 

1679 
1.54 
2.97 
1.98 
5.0 

43.95 
0 
0 

3843 
8499 

127.16+ 

* Buying cattle at an extra 2.0 c/lb above schedule would reduce profits to $85.28/ acre. 

+ Plus revenue from approx. 25 tons DM of lucerne. At $10/ton for dehydration this 
would give an extra $10/acre profit. 
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6. iO Spring weaner system 

A final variation to the system proposed by one of the authors 
(A.M.N.) is concerned with the possibility of incorporating a breeding caUle 
enterprise on mixed cropping farms. The basic features of the system are 
July/August calving with weaning at 4-5 months of age. The weaner calves 
(about 330 lb. liveweight) would go on to a lucerne/Tama block in Nov./ 
Dec. to be slaughtered 15 months later as liuceme production declines. Thus 
they would go twice round the-lucerne/Tama system for the cost of only one 
winter. 

After weaning, the breeding cows would be carried on crop residues 
until 6-8 weeks before calving when greenfeed would be available. Weight 
losses during mid-pregnancy are not necessarily inconsistent with manage
ment requirements (Nicol, 1971). An a1 ternative arrangement would be for 
the breeding herd to be run in conjunction with a dryland farm. In this case, 
the mixed cropping farm would take in the weaners for fattening, and possibly 
carry the dry cows over the summer on crop residues. 

A full evaluation of this system obviously needs to be done in a whole
farm context, and the basic computer model was not entirely suitable for 
this. Nevertheless, an examination of the fattening aspect alone indicated 
that the system could be quite attractive financially. An initial intake of 41 
weaners in December (1.64/acre) sold 14 months later, gave a Hveweight 
gain of 1320 lb/acre and a net profit of $89.6/acre. At this stocking rate, 
there was considerable excess lucerne, indicating that the stocking rate could 
be increased to 1.8-2.0 per acre with an improvement in financial perform
ance. The main" advantage of this proposal is that the initial intake of lighter 
animals results in an overall improvement in the efficiency. of liveweight 
gain and potential meat output. This system is obviously worthy of further 
investigation. 
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VII. SUMMARY 

An application of systems modelling to the problem of designing and 
evaluating a new production system has been described in this bulletin. 
The overall project is still incomplete, and the systems modelling work 
described here is to be followed by field scale testing of the real system. This 
phase of the project will commence in 1973. 

The system that is actually tested will probably differ slightly from the 
system evolved by computer experimentation. It will, for example, be on a 
slightly smaller scale (20 acres), and there will be two stocking rate treat
ments, each with only one intake of cattle. These and other modifications 
have been primarily dictated by experimental requirements. However, an 
important point is that as a result of computer modelling we have some prior 
knowledge of the likely structure of an "on farm" system, and thus can 
monitor the experiment and assess the results in this light. 

The construction of, and experimentation with the computer model, 
has proved a valuable learning experience for all those associated with the 
project. This initial learning phase is required for all experiments, but the 
modelling exercise helps to formalise this process. The modelling work has 
also played a major role in getting the project established as a multi-disciplinary 
exercise. 

It is expected that as information is obtained from experimenting with 
the real system, the model can be improved and used to explore ahead, as 
well as extrapolating to commercially oriented conditions. An evaluation of 
the model for this purpose wili not be possible for some time - probably 
not until at least two years' results have been obtained. Even at this stage, 
however, it appears that systems modelling is a valuable technique for com
plementing, and improving, experimentation with real systems. 
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Basic Costs 

APPENDIX I 
Details of Control Budgets 

Animal health (drench, dip, veterinary bloat control) .... 260 
(271 *) 
150 
230 

Wages ......... . 
Power (irrigation) .. 
Freight.. .. .. .. .. . ........ . 
Fertiliser .. .. .. .. .. 
Lime ............... . 
Seeds .... 
Repairs and maintenance .. 
Tractor expenses ............... . 
Hay making (903 bales@ 24c) ........... . 

· Variable costs 

Additional hay made (24c/bale) 
Hay purchases (60c/bale) 
Autumn weaner cattle (14c/lb LW) 
Spring yearlings (15c/lb LW) 

Returns 

All cattle sold on $24 schedule i.e. 12.24c/lb LW 

* High winter stocking rate. 
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.. 306 
142 
30 
50 

........ 20 
. 31 

.. 216 

$1,435 

($1,446*) 



APPENDIX II 

CONTROL 2 3 4 5 6 7 

Hay restricted Ad lib hay 

DIGH= DIGH= DIGH= DIGH= DIGH= DIGH= DIGL 

0.58 0.55 0.53 0.58- 0.55 0.53 -2~% 

I LOW WINTER STOCKING RATE (winter 1.64/acre, spring 2.44/acre, summer 3.40/acre) 

LWinput (mid Apr) lb 18,450 18,450 18,450 18,450 18,450 18,450 18,450 
LWinput (end Aug) lb 13,264 13,100 12,990 14,784 14,384 14,128 13,203 
LWinput (end Oct) lb 18,778 18,550 18,397 20,191 20,322 19,943 18,678 
Total LW input lb 50,493 50,100 49,838 54,154 53,156 52,522 50,331 
Total LW sold lb 87,974 86,104 85,701 92,916 89,967 90,473 86,374 
LWgain lb/ac 1,499 1,440 1,434 1,560 1,472 1,518 1,441 
Winter L W gain (140 days) lb/day 1.52 1.46 1.42 2.06 1.92 1.83 1.50 
Spring LW gain (63 days) lb/day 2.12 2.09 2.07 2.31 2.22 2.17 2.09 
Summer LW gain (119-126 days) lb/day 1.77 1.76 1.78 1.54 1.57 1.63 1.66 
Hay intake limit lb DM/day 5.5 5.5 5.5 10.9 10.2 9.8 5.5 
Total hay consumed OOOlb DM 55.37 54.57 54.04 81.37 76.17 72.94 54 24 
Hay bought bales 253 236 225 796 687 620 230 
Hay cost $ 152 141 135 477 412 372 138 
Cattle costa $ 7,389 7,330 7,291 7,938 7,788 7,693 7,365 
Cattle incomeb $ 10,768 10,539 10,489 11,373 11,011 11,073 10,572 
Net Profit $/acre 71.68 65.32 65.12 60.88 50.04 62.92 65.36 

II HIGH WINTER STOCKING RATE (winter and spring 2.44/acre, summer 3.40/acre) 

LWinput (mid Apr) lb 27,450 27,450 27,450 27,450 27,450 27,450 27,450 
LWinput (end Oct) lb 19,360 18,619 18,126 19,392 18,619 18,126 19,217 
Total LW input lb 46,810 46,069 45,576 46,842 46,069 45,576 46,667 
Total LW sold lb 89,328 87,505 86,301 88,071 87,505 86,301 86,277 
LW gain lb/acre 1,700 1,657 1,629 1,649 1,657 1,629 1,584 
Winter LW gain (140 days) lb/day 1.54 1.35 1.21 1.55 1.35 1.21 1.51 
Spring L W gain (63 days) lb/day 2.45 2.39 2.36 2.45 2.39 2.36 2.41 
Summer L W gain (119-126 days) lb/day 1.71 1.78 1.83 1.68 1.78 1.83 1.58 
Hay intake limit lb DM/day 11.0 10.3* 9.8* 11.2* 10.3* 9.8* 11.0 
Total hay consumed OOOlb DM 109.62 101.92 96.81 110.06 101.92 96.81 107.44 
Hay bought bales 1.386 1.224 1.118 1.395 1,224 1,118 1,340 
Hay cost $ 832 735 671 837 735 671 804 
Cattle costa $ 6,747 6,635 6,561 6,751 6,635 6,562 6,725 
C~ttle income b $ 10,933 10,710 10,563 10,779 10,710 10,563 10,560 
Net profit $/acre 76.36 75.76 75.40 69.50 75.76 75.40 63.40 

a 14 c/lb in autumn, 15 c/lb in spring 

b 12.24 c/lb 

* ad lib hay 
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Summary of Experimental Results 

8 9 10 11 12 13 14 15 16 17 18 

DIGL& As for 11 As for 12 Intake As for Lower 

DIGL DIGL DIGT DIGT DIGH= Ad lib Maintenance +2% 15/Ad LW 

-5% -10% -5% -5% 0.53 hay +10% -10% LW lib hay gain 

18,450 18,450 18,450 18,450 18,450 18,450 18,450 18,450 18,450 18,450 18,450 
13,139 12,995 13,029 12,905 12,625 13,520 12,435 13,942 13,340 16,083 12,942 
18,574 18,349 18,404 18,194 17,783 18,947 17,588 19,783 18,901 23,010 18,235 
50,163 49,795 49,883 49,550 48,858 50,918 48,474 52,176 50,692 57,543 49,627 
83,126 78,716 86,286 81,151 80,071 82,698 81,682 93,383 89,816 99,554 83,590 

1,318 1,157 1,456 1,294 1,248 1,271 1,328 1,648 1,565 1,692 1,358 
1.48 1.42 1.44 1.39 1.29 1.61 1.22 1.76 1.55 2.53 1.41 
2.06 2.00 2.05 1.98 1.92 1.97 1.96 2.26 2.14 2.70 2.00 
1.50 1.09 1.73 1.44 1.47 1.36 1.52 1.96 1.91 1.48 1.70 
5.5 5.5 5.5 5.5 5.5 9.0 5.5 5.5 5.5 14.3* 5.5 

53.10 51.38 53.52 51.34 49.79 62.58 54.01 54.19 63.94 125.65 54.79 
206 170 214 169 136 403 225 270 432 1,721 241 
123 102 128 101 81 242 135 162 259 1,032 145 

7,340 7,284 7,297 7,247 7,144 7,453 7,086 7,642 7,419 8,447 7,259 
10,174 9,635 10,561 9,939 9,800 10,122 9,998 11,430 10,993 12,222 10,231 
51.04 32.52 68.04 46.00 45.60 39.68 53.68 87.64 75.20 52.32 55.72 

27,450 27,450 27,450 27,450 27,450 27,450 27,450 27,450 27,450 27,450 
19,068 18,745 18,794 18,476 17,205 17,992 24,036 20,604 21,667 18,640 
46,518 46,195 46,244 45,926 44,655 45,442 47,886 48,054 49,117 46,090 
85,561 79,072 85,952 81,792 78,720 82,567 94,928 94,259 96,734 86,149 

1,561 1,316 1,588 1,434 1,362 1,485 1,882 1,848 1,904 1,602 
1.48 1.42 1.44 1.37 1.02 1.21 1.79 1.78 2.09 1.39 
2.37 2.28 2.30 2.22 2.15 2.24 2.63 2.79 2.81 2.30 
1.47 1.04 1.67 1.40 1.53 1.58 1.97 1.74 1.63 1.66 

11.0 11.0 10.7"* 10.6* 9.2* 10.7* 11.0 11.0 15.0* 11.0 
105.17 101.08 103.10 98.64 49.79 103.96 113.04 144.81 162.61 106.88 

1,293 1,207 1,250 1,157 893 1,267 1,456 2,121 2,493 1,331 
776 724 750 694 536 760 874 1,272 1,496 798 

6,703 6,654 6,662 6,614 6,423 6,542 7,448 6,933 7,093 6,639 
10,472 9,680 10,520 10,011 9,635 10-,106 11,619 11,537 11,840 10,544 
61.88 34.24 66.48 50.28 49.20 54.32 74.04 75.44 72.20 66.44 
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