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In intensive animal industries such as the dairy industry the cost of feeds and the efficiency of conversion of these feeds to saleable products are invariably major determinants of the business viability.   For example the average northern Australian dairy farmer spends around 40% of gross income on feeds.  The next biggest cost is family living expenses at around 20%. 

However the dairy industry is also unique from other intensive animal industries.  The main distinction is that dairy farm productivity is still closely linked to the productive capacity of the land resource immediately surrounding the dairy unit, and the profitability of dairy farming is closely associated with this capacity.  This land is farmed intensively, and the farmer has the responsibility for developing sustainable practices of land care and environmental management.  There are in effect 2 operations occurring concurrently, farming of the land and a dairy production enterprise, and there is substantial interaction between the two.

In this context it is important to see dairy cow nutrition as part of an overall farming system.  The objective is to turn resources available to the farmer into milk at a competitive cost.  The main resource is the farm and the cow is the means of conversion.  An understanding of the cow’s nutritional requirements is necessary to enable this conversion to be as efficient as possible, and to enable the farmer and his adviser to be flexible in the use of resources produced both on and off the farm.  

In planning to meet the dairy cow’s nutritional requirements it is essential to know the nutritional values of the feed resources available.  These are then matched up with the requirements of the cow in a ration formulation process, which can be as simple as changing to a paddock with more grass or as complex as formulating a ration using over 10 nutritional requirements and a similar number of feeds.

These issues, the resource mix available, the nutritional requirements of the cow, and the nutritional assessments of the feeds are integrated into feeding systems.  The success of this process depends on sound technical information and capable management.

This series of 4 lectures will discuss dairy cow nutrition under these headings.


Lecture 1.  

Farm resource assessment and feeding systems


Lecture 2.  

Cow nutritional requirements


Lecture 3.

Feed nutritional analyses and ration formulation


Lecture 4.

The nutritional value of pastures and concentrates  

Lecture 1.
Farm resource assessment and feeding systems
A central objective of dairy farming is to convert the feed resources available into milk.  The cow is the means of doing this, but is not an end in itself.  For example it may not be profitable to feed the cow to her genetic potential if lower quality feeds are available at low cost.  In some cases it may also be desirable to forgo some genetic potential in order to gain environmental fitness, such as tick resistance or heat tolerance.  Both of these issues can only be answered following a thorough analysis of the resources available to the farm.

The market for milk

The marketing arrangements for milk are changing rapidly, with reductions in the level of government intervention in setting marketing arrangements, implementation of government policies on competition, and changes in the retail market environment.  In effect pricing controls are moving substantially from government to large retailers.  However  the factors causing price variations to the farmer are likely to remain much the same, even if there is an overall change in the absolute price received for milk.  

An important factor is access to the fresh milk market.  The price paid to the farmer for this milk is 2.0 times that paid for other (manufacture) milk.  Access to “market” milk is controlled in two ways, by entitlement or a percentage system.  Entitlement is an agreed right to supply a given quantity of milk daily at the market milk price, and any extra milk is paid at manufacture rates.  In the percentage system the daily off take of market milk is calculated as a percentage of total daily supply to the milk processor, and all farmers are paid this percentage of their individual supply at the market milk rate.  Remaining milk is paid for at manufacture rates.  

Entitlement is a capital asset and the feeding system must not put this investment at risk.  There is no separate asset associated with the percentage system.

Milk from individual farms is pooled in collection tankers, and milk from tankers further pooled at the factory.  Consequently the quality signals given to the farmer are generic, and normally account for only modest adjustments in price of manufacture milk.  In extreme cases high bacterial counts or low milk protein levels may result in substantial penalty through the down grading of milk from market to manufacture.  

There is now a range of markets farmers can choose to service.  It is possible to accumulate a large entitlement and service this daily throughout the year, to service a mix of market and manufacture milk with some variation in production through the year, or to service the manufacture milk market with complete discretion as to the annual production cycle.  

Farm resources

The resources available on farms can be described as physical and managerial, as shown in the table below.  An assessment of the farm capability and the optimum level of cow nutrition will be dependent on the mix of these resources.  The physical limitations are often obvious, for example a shortage of water limits the amount of irrigation available.  The managerial constraints are often overlooked.  For example the sophistication required to manage intensive pastures to their potential are easily underestimated.  The availability of off farm resources varies considerably between districts.  Byproducts are more readily purchased near large cities or intensive agricultural industries such as sugar cane.  Cereal grains are more readily purchased in agricultural areas such as the Darling Downs.

A broad listing of the resources available for feeding dairy cows.


Physical
Managerial

On farm
Location (latitude, altitude)

Land area

Soil fertility

Rainfall and irrigation


Money (capital and cash flow)

Labour

Knowledge and skills



Off farm
Cereal grains

Byproducts

Forages

Minerals and feed additives


Services and advice



The mix of these resources determines the optimum feeding strategies and therefore the nutritional regime for the cows.  A major determinant in northern Australia is the amount of irrigation available.  Irrigation enables the farmer to grow temperate pasture species and lucerne, which have a high nutritional value.  Conversely where irrigation is not available tropical grasses form a large part of the feeding system, and these have a lower nutritive value.  The Darling Downs is much more suited to a crop based than a pasture based feeding system.  There are many combinations in practice, supporting the adage “no 2 farms are alike”, and necessitating dairy cow nutrition to be assessed on an individual basis.  

The northern Australian Dairy Farm

Queensland produces in the order of 9% of Australia’s milk, and Victoria is by far the state with the highest production.  Within Queensland around 80% of milk is produced in the coastal strip from Gympie to the New South Wales border. 

Dairy production by states

Number of farms
13,606

Contribution to milk production
(%)

New South Wales

Victoria

Queensland 

South Australia

Western Australia

Tasmania
13

62

9

6

4

6




Dairy farms often have considerable areas of land with unimproved pastures or not accessible to the milking herd.  The average herd is just over 100 cows, and about one third of farms have 0.2 ha/cow or more of irrigation.  The level of silage use has increased from close to nil in 1986 to approximately 30% at present.  

The largest area of fodder is tropical grass, though it is estimated that a similar volume of milk is now produced from these and irrigated temperate pasture species.  There are strong regional differences in the fodder base; for example much of the tropical grass and legume mixed pasture is in north Queensland, and much of the forage crop area in on the Darling Downs.  The area of lucerne is constrained by a lack of suitable soil types.

As with forages there are some regional variations in concentrates and conserved fodders given to cows.  Molasses is lower in cost in north Queensland than elsewhere, and direct access to cereal grains, by-products and hay is much easier in southern Queensland.   There has been rapid adoption of cotton seed as a feed for cows.

Statistics of Queensland dairy regions (1994-5)

Region
Atherton Tableland
Central Queensland
Darling Downs
Southeast Queensland

Number of farms


198
150
634
727

Farm area (ha)
164
271
278
166

Milking area (ha)


86
115
88
118

Number of milking cows
133
112
88
118

Farms without any irrigation (%)


36
36
58
45

Milk per farm (L/year)


616,681
445,581
347,538
472,590

Farms using silage (%)
9
39
44
35

Fodder resources (ha) used for dairy cows in Queensland 

Fodder type
Dryland
Irrigated

Improved tropical grass
62,803
5,095

Improved tropical grass and legume mix
16,307
nil

Unimproved pasture
76,571
nil

Summer forage grass crop
14,828
2,882

Summer forage legume crop
3,423
675

Lucerne
2,064
5,103

Winter forage grass crop
20,579
1,438

Ryegrass and/or clover annual pastures
nil
13,954

Concentrates and conserved fodders given to dairy cows (kg/cow as fed on farms using that feed, and % farms feeding in parenthesis)

Region 


Atherton Tableland
Southeast Queensland

Type of feed



Molasses 
840 (78)
490 (44)

Cereal grain
1,470 (6)
1,550 (31)

Prepared meals
1,030 (89)
1,200 (65)

Whole cotton seed 
380 (19)
330 (11)

By-products
880 (1)
5630 (13)

Silage
2680 (10)
2270 (37)

Hay
170 (16)
860 (82)

Around half of Queesnalnd’s dairy farmers use both herd recording and artificial insemination, while 21% do not use either.  Use of these services indicates, among other things, the level of uptake of improved genetics.  

Farms using herd recording and artificial insemination

Herd recording with greater than 75% artificial insemination
46%

Not herd recording and using no artificial insemination
21%

Northern Australia has consistently had a low ratio of milk output to labour input.  Only in the highest production category of farms is the ratio near what is considered to be best practice.  Another ratio which is low is that of milk output to capital invested.  The average farm produces in the order of 500,000 L milk annually, with a capital investment of approximately $800,000.  This represents a farm value of 4 to 5 times the gross income, a relatively high value. 

Labour used on dairy farms

Production category

(*1000 L/year)
Labour units
Milk output 

(L/labour unit)

50 – 350
2.1
117,596

350 – 750
2.5
220,853

>750
3.1
373,318

Making decisions on resource mix

There are two means of assessing efficiency in the use of resources.  The first is to use a modelling approach to assess the potential productivity of the farm, and to develop management procedures from these.  The second is to use benchmarks to compare the efficiency on your farm with that on farms considered to be well managed.  

Modelling

While there are many models which assist farmers make operational decisions, such as ration formulation and grazing management, there are very few which assist in strategic development.  

DAIRYPRO is a model which will predict the milk output and monetary margins when a farmer looks at his farm as a whole, or tests alternate scenarios.  The model is based on farm survey data and expert opinion.  The survey data produce regression equations which predict milk output from a series of inputs.  Expert opinion predicts the potential output from the various components of the farm.  Putting these 2 approaches together the farmer has his present production level, and estimates of (1) his neighbours using the same inputs, (2) his potential with the given inputs, and (3) his potential if he changed the level of some inputs.  The model addresses feeding, labour and capital inputs.  

An important aspect of this model is the ability to work with the individual farm.  The farmer can alter the potential levels of production and test various scenarios relevant to the farm.  These individual assessments consistently show farm paddocks are producing in the order of half the potential forage output.  The major gains farmers can make in productivity are usually related to this unused capacity.

Benchmarks

There is at present strong interest in benchmarking on farms.  This is essentially a collation of opinions from farmers and experts on what represents good figures, with the intention of using them to compare how your farm is going.  Some relevant benchmarks are shown in the table.  They are not absolute, and can vary from region to region.  Northern Australian dairy farms are close to these benchmarks in areas such as water use efficiency, feed costs, and cow production.  They are below in the use of capital and labour, and the productivity of farm paddocks.

Some examples of benchmarks in northern Australian dairy farming

Category
Benchmark value




Financial

 Feed costs 

Living expenses

Margin over                operating costs

Capital invested
35% of gross income

$25,000 / labour unit

40% of gross income

$3 for each $1 of gross income

Labour

Milk output / labour unit 

Cost of labour, including unpaid labour 
400,000 L

25% of milk income

Production

Paddock productivity


5,000 L milk / ha from dryland pasture

12,000 L milk / ha from irrigated pasture


60 t / ha from maize silage

Water efficiency

Cow production
2,500 L milk / ML water

7,000 L milk / cow / year

Feeding systems

Our cows have the combined resources of world-wide breeding programs behind them.  Consequently their capacity to produce milk is high, perhaps 3-4 times the average level of production.   If we can feed our cows better we know they have the capacity to turn that feed into milk.  

Feed is a large cost on dairy farms, often 35-50% of gross income.  If we can make a change here then it will have a significant effect on profit.  For example if the average farmer (4500 L /cow average) reduced feed costs by 10%, this would increase the farm profit by $6,300 per year.  

Farm

Feed management means using the farm resources to their potential, and in many cases accepting the limitations of the farm and working within these.  For example the figures below give an efficient production level for 3 farms with very different forage bases.



Forage base




Efficient level of milk 









(L/cow/year)



Tropical grass base


-
5 500 L



Irrigated pasture - maize silage base

7 000 L



Irrigated lucerne base



9 000 L

As milk production per cow increases the efficiency of feed use is increased.  As milk production rises so does food intake, but the proportion of energy going to maintain the cow’s body, keep her warm or cool and walking around, decreases.  The margin over feed cost goes up rapidly, because each extra kg of food is mostly used for milk production. 

  The increase in margin over feed costs as the level of milk production rises

Milk yield 
Feed cost
Efficiency
Margin over feed costs

(L/cow/day)
(c/kg DM)
(L milk/kg food)
($/cow/day)

10
13
0.9
1.42

15
13
1.0
2.25

20
13
1.1
3.24

25
13
1.3
4.50

30
18
1.3
4.25



* assumes milk price of 28 cents /L





This effect is less attractive if more expensive feeds are needed to increase production above 25L/cow/day.  In recent years the cost of feed per kg has been similar in both low and high producing herds.  Farm survey figures (QDAS) show feed costs to be around 15 cents/L from 4000 to 7000 L/cow/year, then increase by about 2 cents/L for production levels above or below this.  The costs of home-grown forages often are reduced with improved agronomy and grazing management.  For example poorly managed ryegrass yields about 4,000 L milk/ha and costs 21 cents/L, compared with well managed ryegrass yielding 12,000 L milk/ha and costing 7 cents/L. 

Outside feeds

Off farm feed resources now account for 30 to 70% of feeds given to cows.  Grain based concentrates are the greatest proportion of these, but there is increasing use of a variety of byproducts such as molasses, whole cotton seed, brewers grains, pineapple skins, vegetable scraps, palm kernal extract, copra meal and others.  The assessment as to how these fit into the feeding system rests on 3 factors, 

(a) cost per unit of metabolisable energy or protein, 

(b) complementary or antagonistic effects of mixing these feeds with home grown feeds, and 

(c) effects on total farm productivity.  

Cost is relatively straight forward to measure, and at the moment varies from 9 to 20 cents/L for the commonly used feeds such as grain based concentrates, molasses, pineapple skins and brewers grains.  Cost includes the feeding out component. An assessment of possible antagonistic effects would include investigations of water, fibre and protein content of the total diet, potential for rumen acidosis and excess minerals such as potassium.  

These byproducts usually complement home grown feeds in boosting energy or protein intake by cows.  Few Queensland dairy farms would be viable businesses without the additional turnover associated with milk produced from bought in feeds.  This is approximately half of all milk produced and is essential in spreading the cost of farm overheads, such as labour and capital, and boosting cash flow.  

In 1970 the price received for a litre of milk was 2.6 times the cost of production but this had fallen to 1.3 in 1999.  Farmers have responded by increasing production, particularly by using supplementary feeding, irrigation and crops for silage.  About 75% of the variation between Queensland farms in annual production is explained through the variation in use of such practices as improved feeding and breeding management.  Implementing new technology often involves capital investment plus increased operating costs and interest repayments.  Meeting these costs requires quite substantial lifts in production using improved management skills and it is usually more profitable to develop the unused capacity of a farm using present technology.  Nevertheless, the long-term trend indicates that periodically it may be necessary to consider new capital investments.

Factors associated with the annual productivity of Queensland dairy farms.

Factor


Number of farms

Constant (production without improvements, l/farm/yr)
1822

71433

Feeding

Energy (concentrates; 1/MJ ME)

Nitrogen fertiliser (l/kg N)

Winter irrigation area (l/ha)

Summer irrigation area (l/ha)

Hay and/or silage fed (l/kg)

Farm area (l/ha)
Additional milk per unit

0.128

4.36

3078

1103

0.181

95

There is a strong interest in reducing costs to reduce the need for this consistent increase in output, but the opportunities to cut the costs per litre of milk produced appear limited.  This is seen in the Queensland Dairy Accounting Scheme (QDAS) summaries.  These summaries detail the variable costs of milk production on 140 farms, separating costs into the details of feed related and non feed related variable costs.  The average of these participating farmers has the apparent potential to reduce variable costs by approximately 2 cents/L.  This would bring his figures in line with the lowest cost producers in the state, and it would seem unrealistic to expect greater gains.

Pasture based systems

The typical features of present pasture-based dairying systems in northern Australia are shown below.  These figures show the large areas of tropical grass, pasture or forage crop, available on farms, and the very restricted amount of irrigation available. The irrigation area is invariably used to grow ryegrass and clover based pastures as annuals during winter and spring.  It is estimated the potential for irrigation is in the order of 25ha on each farm, substantially increasing the potential of farms for forage production.  The potential productivity of farms is about 3 times present average levels, though this does include a substantial increase in the level of concentrate feeding.  The estimates show a potential for the family farm to increase productivity and remain viable under present marketing conditions.

Typical features of present and potential pasture-based dairying systems in Qld.

Parameter
Present
Potential

Farm area (ha)

Summer forage-pasture (ha)

Winter forage-pasture (ha)

Irrigation (ha)

Grain (t/cow)
140

96

15

5

1.2
140

96

20

25

2.5

Milks

Labour units (family)

Labour units (casual)

Capital costs ($)

Cash costs ($)

Gross milk income ($)2
77

1.5

1

500 000

68 500

95 360
140

1.5

2

1020 000

156 800

313 600

Total milk production (L/farm)

Cow milk production (L/year)
298 000

3 225
980 000

7 000

Data prepared for the DRDC Farm Research and Development Strategy Review 1991 (N Delaney, personal communication).

Crop based systems
A comparative table for crop based systems is shown below.  These farms are considerably larger than pasture based farms, and use forage cropping for both summer and winter.  The Darling Downs and South Burnett are the major cropping areas and have a low rainfall (600-750mm), limited irrigation (68% of farms are dryland), soils of moderate to high fertility, and close proximity to sources of grain and cotton seed.  The table shows that at present approximately 50% of the cultivated area is used for oats (some barley and triticale), 15% of forage sorghums, 5% for forage millets, and 15% for lablab, with only a few farms growing maize.  

Through intensification of the cropping program, the increased use of supplementary feeding (both grain and roughage), the employment of a full time labour unit and significant capital investment, improvements that may be made in gross margins and return to capital.

Physical and production characteristics of present and potential cropping systems

Parameter
Present
Potential

Farm size (ha)

Cultivation (ha)

Unimproved pasture (ha)

Improved pasture (ha)


200

110

90

0
200

110

80

10



Winter forages

Irrigated annual (ha)

Dryland (ha)    -  oats

                          -  medic
5 (ryegrass)

50

0
5 (ryegrass-clover)

45

10

Summer forage

Irrigated lucerne (ha)

Dryland lucerne (ha)

Crop - restricted irrigation (ha)

Dryland grass forage (ha)

Dryland legume forage (ha)


5

0

5 (sorghum)

30

15


5

10

5 (soybean)

20

25



Forage/lucerne hay (ha)

Soybean for silage (ha)

Forage crop silage (ha)
50

0

0
50

25

25



Purchased may

     - stubble (t)

     - cereal (t)

     - lucerne (t)

Purchased grain (t/cow)
25

0

0

1.2


0

50

100

3.0

Stock (cows)

Milkers (cows)

Labour units (family)

Labour units (contract)

Total milk production (L)

Production/cow (L)

Stock sales ($)

Capital costs ($)

Cash costs ($)

Gross milk income ($)
110

90

1.5

0.1

440 000

4 000

13 000

594 000

83 527

140 8001
150

120

1.5

1.0

1 117 000

7 800

20 000

950 000

245 023

357 440



1Return less levies and cartage, i.e. 32 c/L.

Feedlot systems

The trend to fewer farms producing more milk is likely to continue.  Studies overseas and in Australia indicate that larger dairy enterprises are more efficient with greater economies of size.  This may be possible with a feedlot system similar to those seen in other countries, notably north America.  While the profit per litre of milk is less in this system, total farm profit may reach acceptable levels by having large herd sizes. 

While there are very few true feedlots in northern Australia at present, there are many farms, approximately 30% of the total, which use a combination of grazing either pasture or crop and feeding cows conserved fodders from a feedpad.  This system can be effective in increasing the size of the farm business through increasing the resources available without substantial capital expenditure.  Conserved fodders can be produced as special crops which fit in with the annual cycle of grazed pasture or crop, such as soybean or corn silage in irrigated land during summer, or purchased from specialist crop producers.  There is an advantage to specialist crop producers in that they receive equivalent payment as forage as for grain, but some 4-6 weeks earlier.  This allows much earlier planting of the following crop.

Dairyfarmers in the future are likely to use a combination of these systems, grazing pastures and crops, offering conserved forages on feedpads and concentrate feeding during milking or on the feedpad.  This is shown in the figure below.




Estimates of the milk output from feeds on a typical Queensland dairy farm over the past 20 years, and projections over the next 10 years.

Heat Stress

In addition to effects on the feedbase, high summer temperatures, often associated with high relative humidity, have a direct effect on production and reproduction in the cow.  Since the predominant method of harvesting herbage is grazing, the need to walk up to 3 km to pasture of crop and then graze this area adds to the heat load of the cow.  The combined effects of high temperatures and the need to walk result in unique practical difficulties in herd management and cows nutrition.

The food intake of Holstein-Friesian cows begins to decrease at ambient temperatures above 26oC and in the grazing situation this effect is most marked in the time cows spend grazing.  Cows markedly reduced the amount of grazing done during the day in summer, and this reduction begins to occur at about 26oC.  Above 32oC cows do almost no effective grazing between morning and afternoon milking.

It would be expected that the quality of night grazing would be important during summer and a 16% increase in annual milk fat production per cow has been measured as the proportion of the farm used for night grazing increased from 20% to 80%.  There is a tendency to put cows on paddocks close to the dairy at night, and this would exacerbate the effects of heat stress on production by limiting the food intake at night.

In a thermoneutral environment, approximately 5-20oC in Holstein-Friesian cows, the energy demands of walking for the average cow of 550 kg are about 1.2 MJ/km on a horizontal plane, with an additional 0.02 MJ for each metre of vertical movement up slopes.  Higher values of up to 6 MJ/km have been quoted.  There is a rapid increase in the energy demands when animals are walking under heat stress, particularly if they are high-producing.  A practical range of values to use for farms with a mix of flat and sloping land  may be 2 MJ/km for low producing cows (<15 L/day) and 5 MJ/km for high producing cows (>25 L/day).

[image: image1.wmf]0

10

20

30

40

50

60

70

17

22

27

33

Daily maximum temperature (oC)

Grazing, morning to afternoon 

milking (%)


Effect of daily maximum temperature on the proportion of grazing cows do during the morning to afternoon milking interval.

Cost

Home grown forage 

The greater the tonnage of forage (that’s pasture and crops ) harvested on the home farm the greater the profit.  For example milk is produced from Rhodes grass for about 10 cents per litre, giving a margin of 10 to 20 cents per litre.  If 1 hectare of Rhodes grass produces 2000 L of milk per hectare per year, that’s $200 to $400 margin over pasture costs.  If the output is 4000 L milk per hectare, which we know Rhodes grass can do comfortably, the margin becomes $400 to $800 per hectare.  Similarly a maize silage crop of 30 t /ha would give a margin over silage costs of about $960 /ha, compared with $1920 /ha for a crop yielding 60 t /ha.  

One hectare of irrigated ryegrass costs around $850 annually.  We know from observations on farms that if this pasture is well managed milk production can be 12,000 L /ha or more, i.e. 7 cents /L.  However under average management milk production is more like 8,000 L /ha, i.e. 10.6 cents /L.  If the pasture is managed poorly, for example planted late, grazed and watered at the wrong times or soil problems left uncorrected, then milk production is about 4,000 L /ha, i.e. 21.2 cents /L. 

Heifers and dry cows    

Heifers and dry cows can be costed in with milking cows to give an estimate of total cost of feed.  Usually the level of feeding these dry animals reflects the level of feeding to milking cows.  In high producing herds large amounts of high quality feed are given to dry animals, whereas in low producing herds dry animals are often left to graze ordinary paddocks.  For this reason the cost of feeding followers can be expressed as a fraction of the cost of feeding milkers, and is approximately 45% of the cost of feeding milkers.  This provides a quick way of estimating total feed costs after you have worked out the cost of the milking cows ration.  

Conclusion

The key to profit through feeding is to grow and use a high yield of high quality forage (pasture and crop) on land you manage.  Support this with about one third of the diet as concentrate, blended to complement the forage in terms of energy, protein and minerals, and use purchased forage to fill gaps in the annual feed program.

Lecture 2.        Cow nutrient requirements 

In the first lecture we discussed the resources available for feeding cows in northern Australia, and how our object is to efficiently convert these resources into milk.  In planning our management strategies to do this we need to know what are the nutrient requirements of the modern dairy cow.  These will then be matched up with the nutrient contents of local feeds.

The term requirement is a misnomer.  The cow’s requirement is probably something like a reasonable level of nutrition and humane management.  However the term has traditionally been used to refer to the nutrient demands associated with specific levels of production.  For example what are the requirements for a cow producing 25 litres of milk daily.  We often refer to the requirements of a high producing dairy cow; what we mean is how much nutrients are needed for the cow to milk close to her genetic potential.

Nutrients and their description

Though there is a very wide range of food resources available to feed to cows, the nutrients they provide can be categorised into 4 classes.  These are,



Energy, expressed as Megajoules (MJ) of metabolisable energy (ME)



Protein, expressed as kilograms (kg)



Minerals, expressed as grams or milligrams



Vitamins, expressed as International Units

Water is often also referred to as a nutrient, and cows drink from 20 to 120 L water daily in addition to the water in feeds.

All feeds provide one or more of these nutrient classes.  For example cereal grains are primarily a source of energy, but make a significant contribution to the protein supply to the cow.  High quality pasture supplies all 4 classes of nutrients, but have relatively more protein than energy.  A modest imbalance of nutrient classes is not a problem to the cow, and it may not be profitable to attempt to achieve complete balance.  For example to balance the high protein in pasture may require the purchase of an expensive energy source, and not be warranted.  However the efficient use of nutrients is often critical, in terms of profit, environmental management and cow health, and there is steadily increasing interest in balancing cow rations.  Balance is the mix of the 4 nutrient classes which achieves close to optimum efficiency for each.

Within each of the nutrient classes there are further classifications, usually based on aspects of availability to the animal.  For example energy may be supplied as sugar, starch or fibre.  Sugar is digested very quickly compared with starch, and this affects the ability of rumen microbes to grow, and the pattern of energy release to the tissues of the cow.  The correct balance of the 3 sources of energy will be related to the level of production of the cows and the sources of protein being fed.

Protein is a practical way of describing the amino acids used by the cow for milk production.  Any protein fed to the cow is broken down.  About 70% of it is broken down in the rumen to ammonia and then reformed into microbial protein.  This and the remaining food protein, referred to as bypass or undegradable protein, is broken down to amino acids in the intestine and absorbed into the circulatory system.  Milk and tissues are made from these amino acids.  There are in excess of 20 amino acids used in milk production, 12 of which must be absorbed from the gut as they cannot be synthesised in the blood stream.  In northern Australian conditions the important aspects of protein nutrition are the rate of microbial growth in the rumen, and the amount of feed protein which passes through the rumen without being broken down.  The 2 measures which are most useful in understanding these are the total crude protein content of the feed, measured as total nitrogen multiplied by 6.25, and the degradability of the protein in the rumen.  Degradability is expressed as a proportion of total crude protein.

The availability of minerals to the cow is influenced by the associated feeds and minerals the cow is eating, the form of the mineral and by the demand for that mineral by the cow.  For example high levels of sulphur can inhibit copper absorption by the cow, and limestone needs to be very finely ground to be available to the cow.  Also a cow will absorb less of a mineral from the gut if her demand is low, compared with times when demand is high.  In practice mineral requirements are expressed as quantities, and associated knowledge used to determine the suitability of locally available sources.

Vitamins rarely need to be added to the diet of the grazing cow.  In lot fed systems without green forage there may be a need for added vitamin A.  In practice there is little point in being specific about vitamin levels in feed, as they are almost invariably present in sufficient quantities and it is very difficult to be specific about the levels in the various feeds.  

Utilisation of feeds

Practical nutrition requires a sound understanding of ruminant digestion.  In all systems of feeding, whether grazing or feedlot, the object is to promote the maximum level of production of rumen microbial protein which can be supported by the feeds.  Since forages are invariably the lowest cost feeds for cows, and are largely digested in the rumen, the object is to maximise intake of the forages and capture the products of digestion.

Rumen capacity is measured by the rate of microbial protein production.  This is largely determined by the physical capacity of the rumen and the extent of development of rumen papillae, the multitude of folds on the internal lining of the rumen.  Rumen capacity is related to the level of forage intake, and papillae development is enhanced by feeds of high energy content, such as cereal grains.  Nutrition is used to develop these 2 factors, particularly in the young calf and the cow in the period before and after calving.  A modest amount of grain before calving encourages the development of the microbial population and papillae.  After calving grain should be limited and forage fed to appetite to encourage a rapid increase in forage intake and rumen capacity.  

Much of the cow’s energy requirements are supplied from small organic acids absorbed direct from the rumen (often referred to as fatty acids).  The main ones are acetic, butyric and propionic acids.  The proportion of acetic acid increases with forage levels in the diet, whereas propionic acid increases with level of grain.  Acetic acid is used directly by the cow as an energy source, while propionic acid is converted to glucose in the liver.  The ratio of these 2 acids has significant effects on the animal’s production; a high acetic acid ratio is associated with high milk yield and fat content, and a high propionic acid ratio with low milk fat, and higher milk protein and body fat deposition.

In contrast with energy all of the protein is absorbed from the intestines of the cow.  If there has been a high microbial growth in the rumen then there will be a high flow of microbial protein to the intestines, as fatty acids are a byproduct of microbial protein production.  Protein which bypasses the rumen without degradation and is digested in the intestines is often dependent on the release of energy from body fat depots for its efficient utilisation.  

Nutrient utilisation

The energy flow chart as outlined below describes the process of energy conversion in the animal.  The gross energy content of many feeds are similar, but there are large differences in the amount passed through as faeces.  This is the largest source of variation in energy contents of feeds for ruminants.  Urine and methane gas are a more consistent level of energy loss.  Metabolisable energy, that is gross energy less faecal, methane and urine energy, is the component adopted in Australia to describe feeds for ruminants.  We express the cow’s requirements in MJ ME, and the feed content in MJ ME/kg DM (dry matter).  Net energy is the energy used to maintain the animal’s body, in the milk, liveweight gain and foetus (and in some places draft power).  

As with energy there is a flow of protein from total crude protein eaten to protein in animal product.  In this case there are 2 large and variable sources of loss, from the rumen as ammonia and in faeces.  In the rumen, bacteria break down much of the crude protein to ammonia, and if there is sufficient energy resynthesise protein from this ammonia.  If ammonia release is more rapid than resynthesis then ammonia is absorbed through the rumen wall, transported to the liver, converted to urea, and excreted in the urine.  Protein in the faeces is that which is indigestible by the cow and protein in gut lining, which is constantly being lost in relatively large quantities.  The net amount of protein which is absorbed from the intestines as amino acids may vary from 50 to 20% of that comsumed.

Maintenance and production

For convenience of representation the energy needs of animal are discussed as for maintenance and production.  Maintenance is the energy needed to keep the body functioning without any production.  This is an oversimplification as the body size and metabolic rate obviously change with level of feeding, but it is a useful concept for understanding the relative efficiencies in an animal.  Energy is used very efficiently to maintain an animal.  In the diagram below km may be 0.80; that is 80% of the ME is used and 20% is lost as heat.  In lactation the efficiency may fall to 0.60, and for liveweight gain to 0.40.  An important point here is that to the best of our knowledge the efficiency of liveweight gain in the lactating cow is equal to that of milk production, that is 0.60 in the above example.  It is therefore more efficient to replace body condition during lactation than during the dry period.

Cow requirements

Cows have a strong annual cycle in demand for nutrients, associated with the lactation cycle.  As in the diagram below these demands are greatest in early lactation and decline steadily through to the end of lactation.  The animals intake lags some weeks behind this demand, and the animal normally draws on body fat and protein reserves to supplement the nutrients in the diet for the first 6 to 10 weeks of lactation.  This is demonstrated by the pattern of liveweight change.  After about 10 weeks, intake of nutrients equals or exceeds demand, and liveweight begins to stabilise or increase.  This point of equality represents a balance between  intake increasing rapidly to meet the cow’s nutrient needs, and the cow reducing production rapidly to a level which can be supported by the feeding regime.  

An example of this balance is seen in the lactation curves of cows in Queensland.  Cows calving in winter, onto irrigated, temperate pastures, have the traditional rise in milk production over the first few weeks of lactation, followed by a steady decline.  Those calving in summer, onto tropical grasses, decline in production from the first week of lactation.  

The nutrient requirements of a herd or group of cows is often expressed in table form, such as in the NRC tables of the USA or the SCA tables of Australia.  A brief version of such a table is shown below.  

The nutrient requirements of a herd of cows averaging 5000 L milk annually.  Cows are taken to be Holstein Friesian and of average weight 530 kg.  

Nutrient




Mean requirement

Water (L/cow/day)



60

Dry matter (kg/cow/day)


14.5

Crude protein (%DM)



15

ME (MJ/kg DM)



11.1

Minimum fibre (NDF) (% DM)

30

Calcium (% DM)



0.54

Phosphorus (% DM)



0.38

Sodium (% DM)



0.18

Lecture 3       Feed nutritional analyses and ration formulation
Introduction

In making up rations for dairy cows there are 2 databases which are essential.  These are the nutrient requirements of the animal and the nutrient contents of the feeds.  The 2 are used together to formulate a ration for the cow.





   Nutrient requirements 


Nutrient contents 



of cows




of feeds







Ration formulation

Nutrients in feeds

In the previous lecture we discussed how cows require energy, protein , minerals and vitamins.  To match up the feeds with these requirements it is necessary to have methods of measuring these nutrients in feeds. 

Energy

The energy content of feeds (MJ ME / kg DM) is normally estimated from either the chemical analysis of that feed or from an in vitro measure of digestibility.  


Chemical analysis – acid detergent fibre (ADF) or neutral detergent fibre (NDF).  Sometimes these are used with analyses of crude protein. An example of a conversion equation for tropical pastures is,



ME = 16.654 – 0.024ADF

Digestibility is normally measured in vitro, and standardised against samples on known digestibility in animals.  The conversion is,



ME = 0.17DMD – 2.0

Protein

Protein in feeds (%DM) is normally referred to as crude protein, indicating it is measured by analysis of the feed for nitrogen (N,%DM) and assuming that the average N content of feeds is 16%.  The conversion is,



CP = N*6.25

In addition the degradability of protein in the rumen of the animal is also often measured.  This is done by suspending a known weight of feed in a nylon bag in the rumen of the cow for a standard time period, normally 24 hours, and washing the bag thoroughly.  The feed which remains in the bag is considered undegradable.  The value is presented as the level of degradability, e.g. 0.7.

Minerals

Minerals are measured directly as a mass proportion of the feed DM.  The minerals of interest in northern Australia are calcium, phosphorus, sodium, and to a lesser extent magnesium, sulphur and potassium.  Some other minerals can be important, such as selenium and copper, but their concentrations in feeds are so low that analyses of feeds for them is of little benefit.  Deficiency may be more directly identified by sampling animal tissue such as blood or liver.

Vitamins

Vitamins are almost never measured in practical feeding systems for dairy cows.  The incidence of deficiency is too low to warrant the cost of testing feeds.  They are also unstable and degrade during storage of feeds.

Near Infra Red

It is important to realise that modern methods of feed analyses are often based on a correlation of the measured variable with the feed component of interest.  An example is the Near Infra red technique.  The absorbance of this light can be correlated with various components of the feed, such as protein content, NDF content, and even ME content.  The estimate obtained on one sample contains an error associated with this correlation, and can also be substantially affected by sample preparation and handling.  Nutrition is not an exact science, and these estimates need to be recognised as approximations rather than precise values.

Feed analysis

An example of a feed table is attached, with some examples of the variation in feed values of pasture caused by season, fertiliser, and plant leaf content.

Ration formulation

There are 2 types of ration formulation, 


Simple – e.g. height of pasture, back calculation from milk output, and the cream square.


Complex – e.g. computer based syatems which are capable of large numbers of calculations.  These also fall into 2 types.  There is the “you choose” type, where you choose the feeds and the program simply calculates the result.  You keep changing your choice until you are happy with the ration.  These are rapid and flexible, but require experience with both nutrition and feed costings.  The other is the linear program type.  In these rules are set up so the computer searches for the feeds which may satisfy the requirements specified.  They can also select the feeds which give the lowest cost diet.  These are complex to set up as they require many rules and limits.  However in a routine operation they can be operated by relatively untrained staff.

Cream square example

Object : to mix barley grain and cotton seed meal to make a concentrate of 16% crude protein.

CSM

40% CP


6






16 by subtraction, ignore sign


Barley grain
10% CP


24

The mix should contain 6/30 of CSM, and 24/30 of barley, i.e. a I:4 mix.

Back calculation as an aid to ration formulation

1. Use an equation to estimate total DM intake.  A useful general equation is one based on milk yield (M, L/cow/day) and live weight (L, kg).                                      DMI = 0.022L + 0.2M

2. Pasture intake (P, kg DM/cow/day) is obtained by subtracting intake of concentrate (C, kg DM/cow/day; usually known to a reasonable level of accuracy).                               P = (0.022L + 0.2M) – C

3. Intake of nutrient (e.g. protein, kg/cow/day) of interest is calculated from concentrations (kg/kg DM) in pasture and concentrate.                                  Protein intake = (P*concentration) + (C*concentration)

4. The shortfall (kg/cow/day) in the amount of the nutrient, in this case protein, is obtained by subtracting the intake from the requirement.                              Shortfall = Requirement – protein intake

5. The amount to add in the concentrate is then calculated as a percentage.  Amount of additional protein in the concentrate = (shortfall/C)*100

6. The new concentrate is then made up using a cream square.

Some factors affecting the nutrient content of pastures.

a. Leaf content.  Leaf has 60 to 67% NDF and 10 to 18% CP, compared with 66 to 75% NDF and 5 to 15% CP in stem.

b. Nitrogen fertiliser increases CP, from about 8% DM to 12 to 18 % DM, and reduces phosphorus content, from around 0.3 to 0.18% DM.

c. Time of year has an effect.  For example tropical grasses have IVDMD, NDF, and CP contents of 60, 65,and 15 in spring, and these change to 55, 70 and 12% DM in autumn.

d. The sugar content varies greatly.  For example it is about 18 and 12% DM in young ryegrass and green panic, and 22 and 6% DM in grass about 5 weeks old respectively.

Lecture 4.     Pasture and forage management

Introduction
Approximately 40% of the world milk production is in tropical and subtropical regions, and production is increasing at 3.9% annually compared with a 1.4% increase in temperate regions. Around 15% of production in the region is produced from specialised grazing systems.  The forage base is usually a grass product, whether cut or grazed fresh grass, or a by-product of a grass crop such as cereal or sugar cane. 

Table 2.  Chronological development of dairy pasture systems in the tropics.

Date
Summer pastures
Winter forages
Concentrate level

(t/cow)

1960

1970

1980

1990

1995
native pastures

introduced grass-legume pastures

introduced grass + nitrogen fertiliser

crops (maize silage; lucerne)

crops (maize and grain sorghum silage; lucerne)
oats (dryland)

oats (dryland)

ryegrass (irrigated)

clover-ryegrass (irrigated)

clover-ryegrass (irrigated)
0.5

0.5

0.8

1.5

2.5

The grasses often have characteristics which enhance their adaptation to tropical and subtropical latitudes, such as high fibre levels, drought tolerance and rapid growth and flowering responses to high soil moisture and nitrogen levels.  These features are often associated with the relatively low nutritive value of tropical grasses.  Intensive plant breeding has resulted in plants of higher growth potential and in some cases higher leaf to stem ratios, or delayed flowering, but retaining characteristics such as high fibre levels, drought tolerance and rapid response to soil moisture and nitrogen.

Growth rate of tropical grasses increases rapidly with mean environmental temperatures above 18oC,with maximum growth in temperature bands from 28 to 33oC.  This contrasts with temperate grasses where maximum growth occurs at approximately 20oC.  The efficiency of tropical grasses in extracting water and nitrogen from the soil is high.

The grasses are utilised in cut and carry or grazing as the method of harvesting.  Napier grass (Pennisetum purpureum) and some of the Panicum cultivars are pre-eminent in cut and carry systems, as they have a rapid, erect growth habit and are perennial, while sorghums (Sorghum spp) and millets (Pennisetum and Echinochloa spp) are predominately used as annuals.  There is a wide range of grasses suited to grazing systems and many of these grasses have stolons and rhizomes as an added mode of growth, e.g. signal grass (Brachiaria decumbens), kikuyu (P. clandestinum) and Rhodes grass (Chloris gayana). 

Grass quality - leafiness

There is a substantial difference in the quality of grass leaf and stem.  Tropical grass leaf has substantially less bundle sheath and vascular tissue than stem.  Some differences in indices of nutritive value for leaf and stem are shown in Table 1.  Leaf is consistently higher in those parameters associated with higher nutritive value, such as crude protein and digestibility, undergoes more rapid and extensive degradation in the rumen, requires less energy for chewing, promotes a higher rumen load of dry matter and is eaten in greater quantities than stem.  When offered only leaf or stem, cattle eat in the order of 20% more leaf than stem.  When given a choice, such as in grazing or cut and carry of long herbage, animals will spend time selecting for leaf and reject a high proportion of stem.  Annual grass forage crops (such as Sorghum and Pennisetum spp) had a similar nutritive value and gave similar levels of milk production to tropical grass pastures.

In both short and longer term studies there is a curvilinear relationship between total pasture yield on offer and milk yield, with the maximum pasture intake occurring at total pasture yields of 35 kg DM cow-1 day-1 or 2500 kg DM ha-1.  These pasture yields are considerably above those associated with maximum levels of milk production in temperate grass swards, and reflect the relatively high proportion of stem in these pastures.  Leaf yield is correlated with milk yield, although there is a close relationship between leaf and stem yield.  In some situations where stem yields are very high or when tropical grass is rotationally grazed without removal of stem build up, there is a negative association between amount of stem on offer and milk yield.

The profile of many tropical grass pastures, particularly in clump-forming types, is relatively tall, with a small decrease in proportion of leaf in the dry matter with height.  The top 20% of the profile often has a very low leaf to stem ratio as tropical grasses frequently send up flowering stems during active growth.  Leaf density declines progressively from 60-80 kg ha-1 cm-1 in the lower profiles to <10 kg ha-1 cm-1 in the top 20 cm.  Cows need to harvest approximately 0.3 g organic matter each bite to avoid a serious restriction to dry matter intake, and intakes from mature or very stemy pastures are often below this.  There are also limits to the time cows will spend grazing each day, with a maximum time in the order of 12 h or 36,000 bites. 

On days when maximum temperature exceeded 32oC very little effective grazing was done by Holstein Friesian cows between morning and evening milking (Figure 2) and it is imperative that cows have access to high quality pasture during the night.  Milk production is at the maximum when  85% of the farm area was used for night grazing. 

Grass quality – nutritive value
Traditionally, crude protein (N x 6.25) has been the primary measure of quality in tropical grasses.  Many tropical grasses have only modest levels of crude protein when green, and this falls to very low values (< 1% N) following maturity.  Four week old regrowth of adequately fertilised tropical grasses contains about 20% crude protein, 60% NDF, 28% ADF, 10% water soluble carbohydrates and 65% digestible organic matter in the dry matter.  These values change rapidly in the 2 weeks after leaf initiation or the first 4 weeks of seedling growth (Figure 3) but, after this, the changes in quality are much slower.

Mature, or standover, tropical grasses usually contain very low levels of crude protein and high levels of fibre. However, this material is a valuable resource in many tropical and subtropical feeding systems where seasonal variation in pasture growth rate is extremely large, yet supply of milk is demanded throughout the year.  Mature grass is used in conjunction with supplements or irrigated green pasture to maintain production during dry or cold periods.

Some differences have been demonstrated between tropical grass species in quality, but they do not appear to substantially influence milk production on an annual or lactation basis.  Across tropical grass species, temperature exerts a more substantial effect on quality, increasing the fibrous structure of tropical grasses and reducing digestibility.  Differences in temperature may lead to a 5 percentage unit difference in dry matter digestibility of a tropical grass. 

Most of the tropical grasses have a low content of water soluble carbohydrates, in the range 3 to10% DM.  An exception is a high sugar variety of sorghum (Sorghum bicolar) which has a water soluble carbohydrate content in the top-growth at flowering of more than 20% in the DM.  In perennial grasses, levels are normally at a maximum in new growth, then decline with age.  There is a diurnal variation, with higher values (6 to10% DM) present in the afternoon than in the morning (2 to5% DM).

Tropical grasses are relatively low in some of the minerals needed by milking cows, particularly phosphorus, sodium and calcium.  Application of nitrogen fertilizer consistently depresses the phosphorus content of grass but may increase the calcium content. Certain grasses, for example kikuyu, have very low calcium and sodium content. Some grasses, particularly Setaria spp, have a high oxalic acid content which can induce an acute calcium deficiency.   For cows grazing well managed tropical grasses, supplements of calcium, phosphorus and sodium would normally be required.

Pasture productivity
Measured dry matter yields of tropical grasses under realistic farming practices have been well below the potential yields.  Nitrogen fertilized grasses have consistently yielded 11 to 24 t DM ha-1 annually; yield is strongly dependent on nitrogen fertilizer level and soil moisture status.  The incremental response from a wide range of tropical grasses to level of applied nitrogen averaged 23 (+0.2) kg DM kg-1 N, a response consistent over applied nitrogen levels from 0 to 400 kg N ha-1 year-1.  Grass response to nitrogen fertiliser was greater under grazing than cutting.  In dry years the response averaged 23 kg DM kg-1 N, and in wet years 31 kg DM kg-1 N. 

Where rainfall is limiting or unreliable, the milk production responses to nitrogen fertiliser appear to be reduced at high stocking rates.  Where pasture yield was less than 1000 kg DM ha-1, nitrogen had very little effect on dry matter yield. The maintenance of a substantial ground cover appears to enhance the response of grass to applied nitrogen when rainfall is limiting.  Where irrigation is applied or rainfall is high and consistent, ground cover is less important. 

Milk production

Tropical pasture grasses support  9 to 13 kg milk daily without supplements. Kikuyu grown at lower latitudes may support slightly higher levels of production. About 1.5 kg additional milk per cow is produced on grass-legume mixed pastures, compared with pure grass swards. 

Quality limitations of tropical grasses are reflected in the shape of lactation curves.  Cows calving onto tropical grasses in northern Australia show an immediate fall in milk production in the month following calving, followed by a linear decline through the rest of lactation.  By contrast cows calving during winter, when irrigated temperate pastures are actively growing, show the classical peak and fall.  This difference is associated with differences in the ability of cows to consume metabolisable energy on the two pasture types, estimated to be 110 and 200 MJ ME daily for cows in mid summer and mid winter respectively.

Stocking rate
The shape of the response curve of milk production to level of applied nitrogen is  altered by stocking rate.  Where grass was irrigated milk yields up to 19,000 kg ha-1 year-1 were recorded at a stocking rate of 7.9 Holstein Friesian cows ha-1 on pangola grass pasture receiving 672 kg N ha-1 year-1.  Milk yields of 14,000 kg ha-1 were recorded on  Rhodes grass and paspalum (Paspalum dilatatum) pastures receiving 400 kg N ha-1 year-1 and stocked at 7.5 Holstein Friesian cows ha-1. 

Efficiency of pasture use

An approximation of the level of pasture utilization can be obtained by comparing measurements of pasture dry matter yield with leaf intakes calculated from estimated nutrient intakes and ME content of grass leaf.  These estimates suggest that 30-50% of pasture is consumed by cows, but if the premise is accepted that only leaf is eaten by the cow then much or all of the leaf is eaten.  At high stocking rates stem makes up a substantial proportion of the diet. 

Grazing management
A common system of grazing tropical grass pastures in Australia is to have the pasture area divided into approximately 10 paddocks, on a farm of 80 ha, and graze these paddocks in a rapid rotation of two to four weeks.  This provides light defoliation at each grazing and the animal is able to select a diet high in leaf content.  There is a build up of pasture during the growing period, and after growth ceases in autumn, animals consume a diet of progressively higher stem and fibre content.  

In short-term studies, cows selected a diet of higher nutritive value from short, leafy swards than from tall, mature pastures.  However, in milk production studies over a longer period of time there have been very few benefits from either pasture manipulation such as mulching or from grazing methods different to that described above. 
Integration with legumes
Twining tropical legumes are capable of producing 2 to 4 t DM ha-1 in mixtures with tropical grasses.  This contribution is dependent on maintenance of a low stocking rate or long spelling periods in spring and summer,  and optimum stocking rates have been in the order of one third of those on nitrogen fertilised grasses.  The most likely situation where twining legumes can contribute to dairy production is in relatively large areas of inaccessible, broken and hilly land which can be kept aside for grazing during the dry season.

The potential of shrub legumes, such as leucaena (Leucaena leucocephala), to combine with grasses in productive systems would appear to be high, though examples of successful development of dairy production systems are rare.  A number of tropical countries have developed the concept of a ‘protein bank’, where approximately 10% of the land area is set aside for a pure stand of shrub legumes.  These are not used intensively during the growing season but are available for cutting or grazing during the dry season.  An admixture of shrub legumes and grasses is more difficult to manage.  The legume requires a spelling period of four to six weeks following defoliation to maintain vigour, a management procedure which is not optimum for utilisation of the grass. 

Recently, emphasis has shifted to selecting tropical legumes which withstand heavy grazing, instead of selecting for high forage production.  The genus Arachis, a tropical legume which spreads by rhizomes or stolons, is showing promise. 

Concentrates

Grain-based concentrates are an integral part of dairy feeding systems in northern Australia.  A survey of Queensland dairy herds in 1986-87 showed that 0.86 t/cow of grain-equivalent concentrate was fed per year.  By 1990-91, this figure had increased to 1.49 t/cow and it was estimated to be in the order of 2t/cow in 1994.

Whole-farm input-output generally reveal responses of 1.0-1.4 L milk/kg grain, which are higher than those recorded in controlled experiments.  In short-term experiments of less than 2 month duration, responses of 0.3-0.6 L/kg are normally recorded and give a misleading picture of the economics of grain feeding.  Full-lactation experiments have generally recorded higher responses to concentrate feeding than short-term experiments and closer to the reposes recorded in whole-farm studies (Table 8).  Longer term experiments in Queensland have also shown the full response to an increase in the level of concentrate feeding may not be evident until the second year after this change was implemented.  The use of concentrates as an integral part of the farming system is very different to their use as a short term feed supplement.

Analyses of farm survey data that the marginal return from feeding concentrates was greater than that from forages.  For each litre of milk produced from pasture the margin over variable costs was 11 cents, compared with 18 cents for milk from concentrates.  This result is in contrast to the higher cost of concentrate relative to pasture, and in part reflects the benefits of integrating pastures and concentrates, as shown in Table 5.  The advantages of this integration appear to result from 3 effects, which could be listed as below:

a)
high producing cows don’t function properly and go back in calf if they are not well fed

b)
cows are maintained in good condition and

c)
more effective use can be made of pasture and forage, by altering stocking rate, grazing management or conservation practices.

For these reasons it would appear about one third of the diet should come from concentrates, and two thirds from forage (pasture and crop ), increasing to 40% at production levels over 7,000 L milk/cow.  If the diet contains over 50% concentrate then problems will begin to arise with cows off feed, low milk fat at times of the year and possible protein deficiency in the diet.  The 30% concentrate rule works out to be about 5 kg daily at 15 L milk /cow, 6 kg at 20 L milk /cow, and 8 kg at 25 L milk/cow.

The economics of including protein meals in concentrates are much less clear than those for concentrates as a whole.  A substantial milk and milk protein response was measured to cottonseed meal supplementation of grain based concentrates while cows grazed tropical pastures.  Responses have also been measured to meat meal, a meal with a relatively high level of bypass protein, given to cows grazing tropical pastures during early lactation.  The level of protein, and type of protein, is critical to the cost of milk production.  Where maize silage is a substantial part of the diet it is essential to have a source of high quality protein from other feedstuffs.  This can be provided from grazed legumes, especially clovers and lucerne.  There is some debate as to whether additional bypass protein is required in cow diets, though recent results have shown that for cows producing 7500 L/lactation on pasture, maize silage and concentrate there was very little difference between cottonseed meal, meat meal and formaldehyde protected sunflower meal.

Table 8.  Response to concentrates in whole-farm input-output studies in northern Australia.

Study
Response
Level of Concentrate

South east Queensland  

1962

1972

1993

1993
(kg milk/kg grain)

1.1

1.1

1.2-1.6

0.89 (dryland)
(t/cow/lactation)

<0.5

<1

0-2

Northern New South Wales 

(1970)1
1.4 (irrigated)

1.28
0-2.5

<1

1Assumed 4.5% butterfat.

Conservation

Tropical pasture silage has been unsuccessful on northern Australian farms, largely due to the low digestibility of the silage at feeding.  However increasing numbers of dairy farmers, estimated at 25% of Queensland farms in 1994, are replacing part of their summer pasture area with a crop such as maize silage, and feeding this back during autumn.  This has the effect of increasing the overall energy density of the diet and increasing milk yield, but is associated with substantial cost and changes to the feeding system.  Maize silage needs to be used to boost productivity for a substantial part of the year to justify the costs and changes involved.  It is unlikely the annual feeding system would be more efficient with small quantities of maize silage being made and used to fill short-term feed gaps, as the capital and operating costs and labour required to make and feed silage are such that a substantial boost to animal productivity is necessary to make the operation profitable.  The incorporation of maize silage on 3 farms in south east Queensland reduced the seasonal fluctuation in milk yield; milk production during autumn increased twofold (Figure 2).  Annual milk output increased by 21 000 to 150 000 L/farm.

A system more suited to filling short-term feed gaps is the use of round bale silage.  This system has the flexibility required for making small amounts of silage, such as ryegrass or lucerne in excess of immediate needs and feeding back when needed.
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