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Introduction


Whole cereal crop silage is an exciting area of potential integration of the cropping and dairy industry. It provides dairy farmers with a large amount of feed from an outside contractor who is skilled in growing the crop. Cropping farmers benefit by having an extra product option within the cropping farm. 


The use of whole cereal crop silage as a forage for dairy cows provides several advantages. Whole cereal crops such as wheat, barley or triticale offer high quality forage in regions where maize silage is limited by growing season or out of season frosts. Large quantities of cereal forage can be grown either on farm or on contract. Other benefits include the opportunities for the arable industry to supply the dairy industry and the dairy industry to gain the benefits of cereal growing expertise without having to invest in the land, capital or expertise.

Several points of this practise need to be clarified before the technology becomes part of the farming systems in the South Island. Refinements need to be clarified for the effective growth and harvesting of the crops to maximise yield and quality at the early dough stage, rather than the hard grain stage of the crop. The feeding value of the cereal silages also needs to be demonstrated for farmers to have confidence to invest in the crop.


This paper addresses some of these issues. Feed analysis data from the FeedTECH laboratory in Palmerston North for whole cereal crop silage is presented. Some aspects of the harvesting and culture of the crop are discussed. Importantly, an on-farm demonstration compares the feeding value of whole cereal crop silage with the feeding value of grass silage during autumn.


The on-farm demonstration project is jointly funded by the Foundation for Arable Research (FAR), the Sustainable Farming Fund, and farmers in Southland, Otago and Canterbury. The wider project evaluates the potential of whole cereal crop silage as an alternative feed for dairy cows in the South Island. 


This paper addresses the first issue. Is whole cereal crop silage a substitute for grass silage or is it something more? It presents elements of the second question by comparing costs of production with benefits from feeding during late lactation.

What are we getting when we make cereal silage?


The first assessment of a feed is often through the eyes of the grower or user. However, a laboratory test gives a result that can be compared between regions, farms and across years. One good way of starting to gain an understanding of the feed being produced is to examine the laboratory tests to see how we are doing so far. A survey of the feed quality analyses of whole crop silage from the FeedTECH laboratory at AgResearch Grasslands in Palmerston North shows the current average and range of samples (Table 1).

Table 1: The feed components of whole crop cereal silages measured at FeedTECH (Dean Corson, personal communication).

	
	Laboratory measured values (% of dry weight)

	
	Low
	Average range

(75% of samples)
	High

	ADF
	22
	35-45
	55

	NDF
	35
	40-50
	65

	Crude Protein
	5
	7-10
	18

	Digestibility
	50
	60-70
	75

	ME (MJ/kgDM)
	8
	9.6-11.2
	12.0

	Soluble sugars and starch 
	10
	20-25
	35

	Dry Matter
	25
	30-40
	50

	PH
	3.5
	4.0
	4.5

	Lactic acid
	1
	6-9
	15



The average range measured shows that many of these silages are being made in the right conditions. The values in the average range tend to indicate well-balanced whole crop silage. While the crop is not a complete diet, being too low in protein for productive purposes, it is generally what is being looked for, providing good soluble sugars and starch, with average fibre levels to balance high protein, readily digestible pasture.


Some problems are showing up in the analysis of these results. Often high ADF and NDF values are associated with crops that are made too late. When made too late the grain falls from the head and is not ensiled as the crop is too dry. Another cause of this is fine chopping of a dry or late crop.


Low ADF and NDF values can be associated with crops made too early. When made too early the grain is not mature enough to have good soluble sugars. However, the resultant silage has no significant advantages over grass silage, and may be lower in protein than grass silage.

The pH of the silage is good, but the silage can still be prone to mould development. Often this is because the silage is hard to compact, and tractors must be available for packing, rather than tracked vehicles. 


Another feature to be aware of is the tendency for the silage to heat when the stack is opened. This is most likely when the dry matter is high and the method used to take feed from the open face disturbs the stack, letting air back in.


Overall the current results with whole crop silage indicate that we are getting the process right. 

On-farm feeding demonstration

Methods


The study began by monitoring the growth of two crops. The crops were then harvested, ensiled and fed as a supplement to pasture during the autumn. Two herds were split and half offered whole cereal crop silage while the other half was offered grass silage. Milk production tests were taken weekly, live weight and body condition were monitored, as well as feed quality and pasture allowance, to test the effectiveness of the two supplements.

Farms


The two farms were at Balfour, Northern Southland, and Otautau, Western Southland. 

The Balfour farm was milking 407 cows, split randomly in early March into herds of 200 fed grass silage and 207 fed cereal silage. All cows were also fed one kg per day of meal concentrate. Feeding of the silages began on the 11th of March 2002.


The Otautau farm was milking 424 cows, split randomly in October within each age group. The two herds of 216 and 208 were fed grass silage or cereal silage respectively from early March. Feeding of the silage supplements began on the 3rd of March 2002 over a 10-day adjustment period. The farm was split into two rotations with average opening covers of 1900 and 1960 kg DM/ha and closing covers of 1900 and 1880 kg DM/ha for the cereal and grass silage herds respectively.

Cereal silage production


The crops were sown on October 1 and October 12 with 150 kg/ha barley at the Otautau and Balfour sites respectively. Both crops sown with fertiliser and had extra added during growth as well as having herbicide and fungicide added. The crops were monitored for yield and quality in early and late December, and were made into silage on 3 January at Otautau and 16 January at Balfour. Final yields were 8.5 t DM/ha at Otautau and 15.5 t DM/ha at Balfour.

Feed analysis


The pasture was cut to an estimated grazing height once a week to represent the diet of the cows over the following week of grazing. 

Balfour


At the Balfour farm the pasture was of relatively high quality, except for the final week of the comparison (Table 2), when fibre concentrations increased and energy concentration declined, as the cows ate further into the base of the pasture with the onset of wet southerly weather. Crude protein concentrations were adequate throughout and dry matter percentage was good.


The cereal silage at Balfour was of good quality with carbohydrate concentrations of approximately 20% (Table 2). Good crude protein and fibre concentrations resulted in a relatively high energy (ME) product.

	Table 2:

	Pastures

	Date
	11-Mar-02
	18-Mar-02
	25-Mar-02
	2-Apr-02
	9-Apr-02

	Metabolisable energy (MJ/kgDM)
	11.1
	11.1
	11.0
	11.1
	10.2

	Crude protein (%)
	20.9
	20.2
	18.8
	23.2
	23.6

	Soluble sugars and starch (%)
	10.4
	10.2
	10.7
	11.2
	6.4

	Neutral detergent fibre (%)
	46.1
	46.0
	46.7
	44.3
	50.6

	Acid detergent fibre (%)
	22.6
	
	23.1
	20.4
	24.5

	Dry matter (%)
	21.9
	22.6
	26.3
	23.1
	20.5

	

	Silages

	
	
	
	Grass
	Cereal
	

	Metabolisable energy (MJ/kgDM)
	
	
	10.8
	11.2
	

	Crude protein (%)
	
	
	14.6
	12.4
	

	Soluble sugars and starch (%)
	
	
	3.2
	19.8
	

	Neutral detergent fibre (%)
	
	
	55.3
	50.3
	

	Acid detergent fibre (%)
	
	
	34.2
	28.4
	

	Dry matter (%)
	
	
	28.6
	27.9
	

	PH
	
	
	4.5
	4.4
	

	Ammonia nitrogen (mg/100g)
	
	
	183.3
	112.9
	



The Balfour grass silage was of average quality (Table 2). The relatively high ammonia N concentration from a crop of moderate crude protein concentration indicates that the crop took longer than normal to reach its preserving pH level, so may have been low in carbohydrate when made.

Otautau


The feed analysis (Table 3) showed that the pasture on the Otautau farm had high crude protein and low carbohydrate concentrations on average. The use of nitrogen fertiliser to boost growth commonly has this effect on pasture composition. As a consequence, the relative concentrations of other fibre represented by the ADF and NDF values, also increases as was seen here. The high levels of nitrogen fertiliser also caused low dry matter percentage, being below the ideal of >15% at times.


The cereal silage made at Otautau was made too early. This is seen both in the low yield and in the feed analysis (Table 3). The low carbohydrate indicates that the crop was made too early. The straw and leaf was beginning to mature, so the NDF and ADF concentrations are relatively high, while the grain had not developed quite enough to ensure a good carbohydrate concentration. However, with the high nitrogen concentrations in the pasture, this source of feed provides a good match, as can been seen from the relative response of the cows to this feed. 

The grass silage at Otautau was similar to that at Balfour being of average quality (Table 2).

	Table 3:

	Pasture

	Date
	4-Mar-02
	8-Mar-02
	18-Mar-02
	26-Mar-02
	10-Mar-02

	Metabolisable energy (MJ/kgDM)
	11.2
	10.6
	10.7
	11.7
	10.5

	Crude protein (%)
	22.2
	28.8
	30.8
	30.1
	28.8

	Soluble sugars and starch (%)
	9.1
	4.2
	1.6
	6.3
	4.6

	Neutral detergent fibre (%)
	42.3
	46.4
	47.9
	46.0
	47.5

	Acid detergent fibre (%)
	23.3
	22.9
	22.0
	22.0
	21.4

	Dry matter (%)
	16.1
	19.0
	13.7
	18.3
	22.4

	

	Silages

	
	
	
	Grass
	Cereal
	

	Metabolisable energy (MJ/kgDM)
	
	
	10.8
	9.8
	

	Crude protein (%)
	
	
	15.9
	9.4
	

	Soluble sugars and starch (%)
	
	
	1.6
	9.4
	

	Neutral detergent fibre (%)
	
	
	52.9
	64.6
	

	Acid detergent (%)
	
	
	38.4
	42.1
	

	Dry matter (%)
	
	
	23.9
	23.4
	

	pH
	
	
	3.6
	3.7
	

	Ammonia nitrogen (mg/100g)
	
	
	126.1
	76.6
	


Cow production


The cows were introduced to the silages and allowed a 10-day period to adjust to the change in diet before measurements began. The silage supplement was fed at 

3 kg DM/head/day. Pasture allowances were kept similar for each herd. The Balfour farm also fed an additional 1 kg DM/head/d of meal concentrate to both herds. Milk production including total amount and the percentage fat, protein and solids is presented in Table 4.

Table 4: Milk production parameters from pasture fed cows supplemented with grass silage or cereal silage during March 2002.

	
	Milk Production (()

	
	Balfour
	Otautau

	Sampling date
	Grass
	Cereal
	Grass
	Cereal

	13-Mar-02
	
	
	15.3
	15.1

	20-Mar-02
	17.2
	17.1
	13.9
	15.2

	26-Mar-02
	16.6
	17.6
	14.3
	15.9

	3-Apr-02
	15.2
	16.7
	13.7
	14.7

	10-Apr-02
	14.6
	14.6
	12.1
	13.7

	
	
	
	
	

	
	Fat (%)

	13-Mar-02
	
	
	4.62
	4.74

	20-Mar-02
	4.9
	5.27
	4.68
	4.65

	26-Mar-02
	5.01
	5.18
	4.6
	4.66

	3-Apr-02
	5.26
	5.12
	4.76
	4.78

	10-Apr-02
	5.34
	5.62
	4.88
	4.84

	
	
	
	
	

	
	Protein (%)

	13-Mar-02
	
	
	3.82
	3.9

	20-Mar-02
	4.22
	4.27
	3.93
	3.97

	26-Mar-02
	4.14
	4.23
	3.91
	3.99

	3-Apr-02
	4.21
	4.22
	4.06
	4.06

	10-Apr-02
	4.16
	4.31
	4.06
	4.04

	
	
	
	
	

	
	Solids (%)

	13-Mar-02
	
	
	8.63
	8.64

	20-Mar-02
	9.11
	9.53
	8.61
	8.62

	26-Mar-02
	9.16
	9.4
	8.51
	8.65

	3-Apr-02
	9.47
	9.34
	8.82
	8.84

	10-Apr-02
	9.5
	9.94
	8.94
	8.88

	
	Total production per cow

	kgMS in four weeks
	41.4
	44.10
	33.8
	36.4



Figure 1 shows the average cow production in the measurement period following the adjustment to the diet for each herd on both farms. The cows on the Otautau farm were slower to respond to the silage with only between one and two kgDM/cow eaten. The cereal silage was of relatively low quality and it was not until the 18th of March, when the low dry matter and high protein of the pasture diet became prevalent, that the cows showed an improved response. At the Balfour farm the difference between the cows was becoming apparent to the farmers and so some whole cereal crop silage was blended into the diet of the cows fed grass silage during the final week, and may have resulted in the similar result in the two herds during this time. 


The herds on both farms showed similar patterns of production for each silage. Those fed grass silage had a relatively constant decline in production over the period, as expected. The cereal silage herds produced more milk than the herds fed grass silage, averaging an extra 

0.1 and 0.11 kg milksolids/cow/d for the Balfour and Otautau farms respectively. This increase was relatively constant for the period measured. When totalled for the four-week period, the average advantage to cereal silage fed cows was 2.7 and 2.6 kgMS in the Balfour and Otautau herds respectively (Table 4).


Cow live weight increased in both herds (Table 5) but was inconclusive between silages fed. Overall the farmers were pleased with the condition gained by the cows.
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Figure 1: Average per cow production from whole crop or grass silage supplementation for two sties in Southland.

Reflection on the results


It is important to realise that the results are a reflection of the need for balance in the cows’ diet. When the ME and protein levels are compared then the grass silages compare well with the cereal silages. However, the results measured are about the balance that the cereal silages provided to the pasture fed. The grass silages do provide extra energy and fibre for the cows and so increase intake when the pasture supply is short, as was the case here. However, the cereal silages provide extra soluble sugars and a fibre of higher lignin content. The soluble sugars help the animal capture the extra protein in the pasture eaten, and the fibre also helps the digestive process, making the diet more efficient than that supplemented with grass silage.


The response at the Balfour farm was what would be expected from a relatively high energy and high carbohydrate supplement. The carbohydrate provides some small improvement in the rumen environment, increasing the overall efficiency of diet utilisation, and the diet in general supplied extra energy to help spare the pasture.


The response to the cereal silage crop on the Otautau farm was greater than expected due to the poor quality of the silage and the intake problems. However, when the pasture feed analyses are examined it appears that one of the major limitations here was effective fibre, as well as carbohydrate. When the pastures have nitrogen applied the type of fibre produced has a low effective value because of the forced nature of the growth of the plant and the low dry matter percent. Therefore the cows responded well to this feed in this situation even though the silage was not well accepted at times. This was an indication of the marginal value of this silage. A crop harvested later with greater soluble sugars would have suited this situation even better than the silage fed.


The average pasture intake was estimated from the grass silage fed herds at both properties (Table 5) using the N.R.C. Nutrient requirements of dairy cattle model. The average feed nutrient analyses for each feed were used in the model, including the concentrate supplement fed at the Balfour farm. This pasture data was then used to estimate the average milk production if no silage was fed. The difference between the predicted milk production and the actual milk production per cow was then used to estimate the feed conversion efficiency of the silages (Table 5). The production of 1 kgMS required 8.0 and 6.9 kgDM of grass silage or 6.4 and 5.7 kgDM of cereal silages in the Balfour and Otautau herds respectively. This meant that 1.6 and 1.2 kg silage DM less was required to produce the same output at the two farms respectively.

Table 5: Estimates of the pasture intake, milk production and feed conversion efficiency of the grass and cereal silage fed, assuming that all silage fed adds to milk production and using the grass silage production as the base, with no allowance for live weight gains (includes the concentrate supplementation on the Balfour farm).

	
	Cow Liveweight
	Estimated Pasture Intake
	Milk Production for the grass silage fed cows (kg MS/cow/d)
	
	Feed Conversion Efficiency    

              (kg silage fed/kg MS)

	
	(kg)
	(kgDM/cow/d)
	Actual (grass silage)
	Predicted 

(if no silage fed)
	
	Balfour
	Otautau

	Date
	Balfour
	Otautau
	Balfour
	Otautau
	Balfour
	Otautau
	Balfour
	Otautau
	
	Grass Silage
	Cereal silage
	Grass Silage
	Cereal silage

	13-Mar-02
	514
	506
	
	12.85
	
	1.32
	
	0.88
	
	
	
	6.8
	7.1

	20-Mar-02
	502
	507
	12.85
	12.2
	1.57
	1.20
	1.19
	0.77
	
	8.0
	6.9
	7.1
	5.6

	26-Mar-02
	
	
	12.55
	12.3
	1.52
	1.22
	1.15
	0.78
	
	8.0
	5.9
	6.9
	5.1

	3-Apr-02
	528
	
	11.95
	12.2
	1.44
	1.21
	1.06
	0.78
	
	7.9
	6.0
	6.9
	5.7

	10-Apr-02
	529
	516
	11.6
	11.25
	1.39
	1.08
	1.01
	0.64
	
	7.9
	6.8
	6.8
	5.2

	Mean
	
	
	12.24
	12.16
	1.48
	1.20
	1.10
	0.77
	
	8.0
	6.4
	6.9
	5.7

	Total in four weeks
	
	
	
	
	41.4
	33.6
	30.8
	21.6
	
	
	
	
	



Alternately the cereal silages produced an extra 2.7 and 2.6 kgMS/cow. The net return for this production is calculated for a range of milk prices in Table 6. This is compared with the extra cost that a farmer may pay for cereal silage over and above what grass silage costs. The extra value of the milk produced ranged from $7.95 at a payout of $3/kgMS to $13.25 at a payout of $5/kgMS, and this equated to a breakeven marginal cost of the cereal silage of 

9.5 to 15.5 c/kgDM. Thus a farmer could afford to pay between 9.5 and 15.5 c/kgDM more for cereal silage than he did for grass silage. Current market prices for grass silage are 14 c/kgDM and 17 c/kgDM for cereal silage, making the margin of 3 c/kgDM well below the breakeven point.

Conclusions

Benefits of whole cereal crop silage

· High yields per hectare (12 - 18 t DM/ha).

· Consistent quality when made at the right time.

· High quality energy in the form of starch.

· A complimentary fibre component for lush nitrogen boosted pasture.

· Autumn or spring sowing options.

· A wide window of harvest depending on the stage of maturity and type of crop required.

· Fits into a wide range of cropping situations.

· Can use existing contractor equipment to grow and harvest.

· Can be undersown with a range of grasses.

Issues for whole cereal crop silage

· Determining the optimum stage of maturity for harvest.

· Wastage at harvest can be accentuated by cereal choice and machinery used at harvest.

· Packing and rolling when ensiling can be an issue of harvest date and cereal choice.

General conclusions from this study

· Whole crop cereal silage requires specialist knowledge to grow and harvest high quality crops.

· The feeding result from whole crop cereal silage will be specific to the situation in which it is used.

· The need for balance in the diet appears to be providing the extra production from cereal silage.

· Two on-farm demonstrations indicated a small advantage of 2.6 to 2.7 kg extra MS per cow over a four week feeding period to whole cereal crop silage over grass silage when pasture supply was becoming short in autumn.

· These initial case studies show a promising future for whole cereal crop silage, though more understanding of the nature of the response is required.
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Workshop summary

Background

· Whole crop cereal silage is a relatively new forage.

· It has the potential to balance pasture diets.

· Has the potential to increase forage yields.

· We need to know the milk production responses.


A Southland on farm demonstration was funded by the Foundation for Arable Research, and Sustainable Farming Fund, to look at the production and liveweight responses from this feed.


The project monitored yields and responses, in farmer’s paddocks, it was not experimental.

Site 1


Site 2




Otautau


Waimea Plans


Cereal type

Omaka Barley

Dash Barley

Fertility

Low 


Medium to high

Yield


8.28 tonne DM/ha
15.5 tonne DM/ha


This silage was harvested and fed out to cows, two herds on each farm, which were split randomly. Cows were fed either 3 kgDM/cow/day of grass, or cereal silage. Milksolids results indicated an extra 0.1 kgMS/cow/day over the 28 days that the trial was running. This is despite the low utilisation by cows of cereal silage, on the Otautau farm. There were no liveweight differences between the two herds.


There is no conclusive reason why there was a response to the cereal silage. More scientific work is required on this.

Harvesting


The harvest window is important for this feed - it was suggested that the “cheesy dough” stage of the grain is optimum for high quality.  There will always be a compromise between yield and quality. 

Costs

Yield is the most critical factor in whether whole crop cereal silage is an economical feed.  There is potential to reduce the cost of the crop, by growing it after winter feed.  It is important to consider the lost pasture production over the time that this crop is growing when calculating the economics.

Future


How can we predict the milksolids response, based on analysis of the feed? Yield and cost important critical issues too.
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Sheet1

				WCS trials

				Balfour																		Milk from		Solids from		Effic of conversion		Effic of conversion

		Tmt		Date		Milk		Fat%		Protein%		Solids%		Solids per cow		Wt				Est Pasture Intake		Pasture only		Pasture only		of silage Feed/kgMS		average

		Balfour Grass Silage				18.2		4.91		4.11		9.02		1.64164		511				adjustment period								Feed/kgMS

						17.2		4.9		4.22		9.11		1.56692		498				12.85		13.1		1.19341		8.0319134695

						16.6		5.01		4.14		9.16		1.52056						12.55		12.5		1.145		7.9880711471

						15.2		5.26		4.21		9.47		1.43944		522				11.95		11.2		1.06064		7.9197465681

						14.6		5.34		4.16		9.5		1.387		532				11.6		10.6		1.007		7.8947368421

								5.084		4.168		0.5495028102		41.39744												7.9586170067		8.0

		Balfour Whole Crop Silage		13-Mar-02		19.1		5.02		4.04		9.06		1.73046		517

				20-Mar-02		17.1		5.27		4.27		9.53		1.62963		506								1.19341		6.877263766

				26-Mar-02		17.6		5.18		4.23		9.4		1.6544										1.145		5.8892815077

				3-Apr-02		16.7		5.12		4.22		9.34		1.55978		533								1.06064		6.010337781

				10-Apr-02		14.6		5.62		4.31		9.94		1.45124		525								1.007		6.753106429

								5.242		4.214		0.554357022		44.06535												6.3824973709		6.4

				Otautau

		Otautau Grass Silage		13-Mar-02		15.3		4.62		3.82		8.63		1.32039		502				12.85		10.2		0.88026		6.8161679504

				20-Mar-02		13.9		4.68		3.93		8.61		1.19679		495				12.2		9		0.7749		7.1108582806

				26-Mar-02		14.3		4.6		3.91		8.51		1.21693						12.3		9.2		0.78292		6.9122831271

				3-Apr-02		13.7		4.76		4.06		8.82		1.20834						12.2		8.8		0.77616		6.9415521311

				10-Apr-02		12.1		4.88		4.06		8.94		1.08174		510				11.25		7.2		0.64368		6.8483769347

								4.708		3.956		0.5433979686		42.16933												6.9258476848		6.9

		Otautau Whole Crop Silage		13-Mar-02		15.1		4.74		3.9		8.64		1.30464		509								0.88026		7.0691361516

				20-Mar-02		15.2		4.65		3.97		8.62		1.31024		518								0.7749		5.6039152688

				26-Mar-02		15.9		4.66		3.99		8.65		1.37535										0.78292		5.0638894047

				3-Apr-02		14.7		4.78		4.06		8.84		1.29948										0.77616		5.7326301307

				10-Apr-02		13.7		4.84		4.04		8.88		1.21656		522								0.64368		5.2366987851

								4.734		3.992		0.542516617		45.54389												5.7412539482		5.7

		Silage		2yrOLD		9.9		4.97		4.16		9.13		0.90387

		10-Apr-02		3yrOLD		12.3		4.87		4.08		8.94		1.09962

				4yrOLD		14.1		4.78		4.05		8.83		1.24503

				5yrOLD		14.3		4.67		3.99		8.65		1.23695

				6yrOLD		12.8		4.8		3.95		8.76		1.12128

				7+yrOLD		11.6		5.04		4		9.05		1.0498

		WCS		2yrOLD		11.2		4.95		4.13		9.08		1.01696

		10-Apr-02		3yrOLD		14.2		4.7		4.03		8.73		1.23966

				4yrOLD		14.2		4.89		4.12		9		1.278

				5yrOLD		14.6		4.83		3.93		8.76		1.27896

				6yrOLD		15.3		5.03		3.97		9		1.377

				7+yrOLD		14.4		4.68		3.99		8.67		1.24848

						Silage		WCS				Diff

				2yrOLD		0.90387		1.01696				0.11309

				3yrOLD		1.09962		1.23966				0.14004

				4yrOLD		1.24503		1.278				0.03297

				5yrOLD		1.23695		1.27896				0.04201

				6yrOLD		1.12128		1.377				0.25572

				7+yrOLD		1.0498		1.24848				0.19868

												0.1304183333





Sheet5

				Pastures

				Balfour												Otautau

		Date		11-Mar-02		18-Mar-02		25-Mar-02		2-Apr-02		9-Apr-02				4-Mar-02		8-Mar-02		18-Mar-02		26-Mar-02		10-Apr-02

		Metabolisable Energy (MJ/kgDM)		11.1		11.1		11.0		11.1		10.2				11.2		10.6		10.7		11.7		10.5

		Crude Protein (%)		20.9		20.2		18.8		23.2		23.6				22.2		28.8		30.8		30.1		28.8

		Soluble Sugars and Starch (%)		10.4		10.2		10.7		11.2		6.4				9.1		4.2		1.6		6.3		4.6

		Neutral Detergent Fibre (%)		46.1		46.0		46.7		44.3		50.6				42.3		46.4		47.9		46.0		47.5

		Acid Detergent Fibre (%)		22.6		22.1		23.1		20.4		24.5				23.3		22.9		22.0		22.0		21.4

		Dry Matter (%)		21.9		22.6		26.3		23.1		20.5				16.1		19.0		13.7		18.3		22.4

				Silages

								Balfour										Otautau

								Grass		Cereal								Grass		Cereal

		Metabolisable Energy (MJ/kgDM)						10.8		11.2								10.8		9.8

		Crude Protein (%)						14.6		12.4								15.9		9.4

		Soluble Sugars and Starch (%)						3.2		19.8								1.6		9.4

		Neutral Detergent Fibre (%)						55.3		50.3								52.9		64.6

		Acid Detergent Fibre (%)						34.2		28.4								38.4		42.1

		Dry Matter (%)						28.6		27.9								23.9		23.4

		pH						4.5		4.4								3.6		3.7

		NH4N1						183.3		112.9								126.1		76.6

		1 Ammonia nitrogen (mg/100g)





Sheet2

		Feed Details

		Balfour																								Otautau

				Date		ME		CP		SSS		NDF		ADF		DM%												Date		ME		CP		SSS		NDF		ADF		DM%

		Pasture				10.9		21.2		9.6		47.0		22.7		22.9										Pasture

		Grass silage				10.8		14.6		3.2		55.3		34.2		28.6										Grass silage

		WCS				11.2		12.4		19.75		50.3		28.4		27.85										WCS

		Pasture		11-Mar-02		11.1		20.5		9.9		47.7		23.3		21.1										Pasture		3-Mar-02		11.3		24.2		9		42.4		22.3		21.2

				11-Mar-02		11.1		19.9		10.7		44.4		22.2		22												4-Mar-02		10.4		19.5		7.6		29.8		25.6		14.3

				11-Mar-02		10.9		22.3		10.2		46.7		22.1		21.9												4-Mar-02		11.4		23.6		9.5		43.1		22		15.1

				11-Mar-02		11.2		20.9		10.8		45.5		22.6		22.5												4-Mar-02		11.3		21.9		10		44.3		22.9		15.7

		Mean		11-Mar-02		11.075		20.9		10.4		46.075		22.55		21.875												4-Mar-02		12		26.6		10.4		40.7		20		17.4

																												4-Mar-02		11.5		19.1		10.2		45.3		24		14

				18-Mar-02		10.9		17.8		10.2		47.8		23.9		23.9												4-Mar-02		10.2		20.4		6.8		50.8		26.2		15

				18-Mar-02		10.9		23.1		7.9		47.3		22.4		19.9										Mean		4-Mar-02		11.1571428571		22.1857142857		9.0714285714		42.3428571429		23.2857142857		16.1

				18-Mar-02		11.3		18.2		11.9		46.1		21.8		24

				18-Mar-02		11.4		22.4		11.1		41.3		20.4		22.2												8-Mar-02		11		32.3		2.9		49.4		21.5		17.1

				18-Mar-02		11		19.5		9.8		47.6		21.8		23.2												8-Mar-02		10.1		27.1		1.9		57.3		26		18.3

		Mean		18-Mar-02		11.1		20.2		10.18		46.02		22.06		22.64												8-Mar-02		10.9		34.1		1.5		19.9		21.7		16.7

																												8-Mar-02		10.1		19.8		9.5		48.2		24.2		24.8

				25-Mar-02		10.8		18.7		10.3		46.8		23.4		25.3												8-Mar-02		10.6		23.1		10		45.6		21.7		22.4

				25-Mar-02		11		15.2		10.4		49.4		24.9		26												8-Mar-02		10.6		33.3		2.1		49.6		21.8		18

				25-Mar-02		11.2		20.2		10.7		45.9		22.4		24.1												8-Mar-02		10.5		28.1		3.9		50.9		23.5		17

				25-Mar-02		11		22.2		10		46.1		23.1		26.8												8-Mar-02		10.6		32.3		1.5		50.1		22.5		17.5

				25-Mar-02		11.1		17.9		12.1		45.1		21.9		29.4										Mean		8-Mar-02		10.55		28.7625		4.1625		46.375		22.8625		18.975

		Mean		25-Mar-02		11.02		18.84		10.7		46.66		23.14		26.32

																												18-Mar-02		10.9		33.8		1.3		47.5		21.3		13.4

				2-Apr-02		11.3		25.7		10.8		44.3		19.4		23												18-Mar-02		10.5		28.6		1.7		49.7		22.7		13.5

				2-Apr-02		11.2		21.5		13		42.1		19.7		25												18-Mar-02		10.8		29.6		1.9		49.2		21.9		13.8

				2-Apr-02		10.9		22.3		9.9		46.4		22		21.3												18-Mar-02		10.5		31.1		1.6		45		22		13.9

		Mean		2-Apr-02		11.1333333333		23.1666666667		11.2333333333		44.2666666667		20.3666666667		23.1										Mean		18-Mar-02		10.675		30.775		1.625		47.85		21.975		13.65

				2-Apr-02		11.2		23.6		10.3		45.9		21		22.6												26-Mar-02		11		30.5		3.1		53		23.2		20

				9-Apr-02		9.8		23.4		5.4		51.7		25.5		20												26-Mar-02		12.4		29.7		9.4		39		20.8		16.6

				9-Apr-02		9.9		23.1		5.8		51.6		25.4		19.8										Mean		26-Mar-02		11.7		30.1		6.25		46		22		18.3

				9-Apr-02		10.3		24.6		6.3		49.8		24.1		21.8

				9-Apr-02		9.9		23.3		4.4		54.1		26.5		18.4												10-Apr-02		10.4		26.9		4.9		49.7		22.4		21

		Mean		9-Apr-02		10.22		23.6		6.44		50.62		24.5		20.52												10-Apr-02		10.9		33.4		3.1		46.2		20.1		17.4

		SE				0.5805170109		0.5873670062		2.2678183349		3.0490982273		2.134244597		1.6769019053												10-Apr-02		10		26.8		4		50.4		23.2		26.8

		n				26		26		26		26		26		26												10-Apr-02		10.7		28.1		6.3		43.7		19.7		24.2

																										Mean		10-Apr-02		10.5		28.8		4.575		47.5		21.35		22.35

																		pH		NH4N						SE		10-Apr-02		0.3915780041		3.1230327141		1.3647344064		3.1294301931		1.7136705245		4.0640702094

		WCS		10-Apr-02		11.3		12.6		20.4		49.7		27.8		27		4.5		131.9						n				29		29		29		29		29		29

				16-Apr-02		11.1		12.2		19.1		50.9		29		28.7		4.3		93.9																						pH		NH4N

		mean				11.2		12.4		19.75		50.3		28.4		27.85		4.4		112.9						Whole crop		3-Jan-02		9.4		12.1		10.1		64.8		40.4		17.2

																												3-Jan-03		9.4		11.1		9.1		66.1		42.6		16.1

		Baleage		25-Mar-02		10.8		14.6		3.2		55.3		34.2		28.6		4.5		183.3								8-Feb-02		10.3		11		15.6		63.7		38.5		31

																												17-Jan-02		9.8		7.6		11.2		65		43.6		25.8		3.7		56.3

																										Mean		17-Jan-02		9.9		9.9		11.4		62.3		39.9		22.4		3.7		83

																										SE		8-Apr-02		9.7		10.6		5.6		66.4		42.7		22		3.8		90.6

																										n				9.8		9.3666666667		9.4		64.5666666667		42.0666666667		23.4		3.7333333333		76.6333333333

																														0.1		1.5695009823		3.2924155266		2.0840665376		1.9295940851		2.0880613018		0.0577350269		18.0145311716

																														6		6		6		6		6		6

																										Silage		8-Feb-02		10.8		15.9		1.6		52.9		38.4		23.9		3.6		126.1

				Date		ME		CP		SSS		NDF		ADF		DM%		pH		NH4N

		Balfour		11-Mar-02		11.075		20.9		10.4		46.075		22.55		21.875

				18-Mar-02		11.1		20.2		10.18		46.02		22.06		22.64

				25-Mar-02		11.02		18.84		10.7		46.66		23.14		26.32

				2-Apr-02		11.1333333333		23.1666666667		11.2333333333		44.2666666667		20.3666666667		23.1

				9-Apr-02		10.22		23.6		6.44		50.62		24.5		20.52

		Otautau		4-Mar-02		11.1571428571		22.1857142857		9.0714285714		42.3428571429		23.2857142857		16.1

				8-Mar-02		10.55		28.7625		4.1625		46.375		22.8625		18.975

				18-Mar-02		10.675		30.775		1.625		47.85		21.975		13.65

				26-Mar-02		11.7		30.1		6.25		46		22		18.3

				10-Apr-02		10.5		28.8		4.575		47.5		21.35		22.35

		Balfour		Grass silage		10.8		14.6		3.2		55.3		34.2		28.6		4.5		183.3

				Cereal silage		11.2		12.4		19.75		50.3		28.4		27.85		4.4		112.9

		Otautau		Grass silage		10.8		15.9		1.6		52.9		38.4		23.9		3.6		126.1

				Cereal silage		9.8		9.3666666667		9.4		64.5666666667		42.0666666667		23.4		3.7333333333		76.6333333333

				Balfour												Otautau												Balfour						Otautau

		Date		11-Mar-02		18-Mar-02		25-Mar-02		2-Apr-02		9-Apr-02				4-Mar-02		8-Mar-02		18-Mar-02		26-Mar-02		10-Apr-02				Grass silage		Cereal silage				Grass silage		Cereal silage

		ME		11.075		11.1		11.02		11.1333333333		10.22				11.1571428571		10.55		10.675		11.7		10.5				10.8		11.2				10.8		9.8

		CP		20.9		20.2		18.84		23.1666666667		23.6				22.1857142857		28.7625		30.775		30.1		28.8				14.6		12.4				15.9		9.3666666667

		SSS		10.4		10.18		10.7		11.2333333333		6.44				9.0714285714		4.1625		1.625		6.25		4.575				3.2		19.75				1.6		9.4

		NDF		46.075		46.02		46.66		44.2666666667		50.62				42.3428571429		46.375		47.85		46		47.5				55.3		50.3				52.9		64.5666666667

		ADF		22.55		22.06		23.14		20.3666666667		24.5				23.2857142857		22.8625		21.975		22		21.35				34.2		28.4				38.4		42.0666666667

		DM%		21.875		22.64		26.32		23.1		20.52				16.1		18.975		13.65		18.3		22.35				28.6		27.85				23.9		23.4

		pH																										4.5		4.4				3.6		3.7333333333

		NH4N																										183.3		112.9				126.1		76.6333333333





Otautaupasture

		Block		Paddock		2/27/02		3/3/02		3/13/02		3/27/02		4/15/02		Grazing order

		Duck		2		1590		1850		2250		2064		1800		3

		Duck		3		2222		1800		2000		1906		1900

		Duck		4		2001		2000		1500		2443		2150		1		2

		Duck		5		1960		1900		2350		2127		2222

		Duck		6		1938		2000		1500		2412		2190

		Duck		7		1906		1950		1500		2222		1870		2

		Duck		15		2159		2340		1750		2064		1900

		Duck		16		2285		1600		2100		2096		2000		3

		Duck		17		2032		1500		1750		1720		1700

		Duck		18		2412		1450		2200		2032		1800		3		5

		Duck		A		1400		1800		2300		2312		1850

		Duck		B		1400		1850		2100		2032		1800

		Duck		C		1500		1700		1700		1558		1600

		Duck		D		1550		1850		1600		1653		1600		2

		Duck		19		1750		1950		1650		2380		2100

		Duck		14		2096		2100		1970		2300		1810		1

		Duck		8		2127		2100		1710		1906		1800		1

		Duck		9		1750		1950		1600		2285		1870		4

		Duck		13		1960		2100		1600		2696		2250		2

		Duck		1		1400		1450		1400		1900		1600

		Duck		20		1200		1550		1800		1900		1650

		Duck		10		1600		1600		1750		1900		2000

		Taki		11		1653		2100		2100		1600		1600		2

				12		1600		2000		1900		1800		1950

				38		1558		1800		2222		2400		2222

				39		1938		2250		2000		1800		2150		2

				37		2127		1800		2100		1906		1950				5

				36		1558		1900		1650		1800		1600		2		4

				35		1653		1950		1600		2159		1600

				34		1685		2100		1600		2127		1550

				33		1716		1900		2300		1906		1900

				32		1874		1800		1900		1938		1600

				31		2254		2050		2150		2127		2200

				25		2791		1850		2250		1938		2050		3

				26		1780		1950		1650		1432		1900		2

				30		2064		1600		1800		1527		1800		1

				29		2190		2150		1950		1685		2060		1

				28		2317		1550		2150		1748		1850

				27		1960		1950		1680		1811		1800

				24		2096		2300		1850		1653		1900		1		5

				23		2032		2285		1780		1432		1700		1

				22		2380		1500		2250		1874		2200		1





Sheet3

						Milk Production (l)

						Balfour				Otautau

						Grass		Cereal		Grass		Cereal

				13-Mar-02						15.3		15.1

				20-Mar-02		17.2		17.1		13.9		15.2

				26-Mar-02		16.6		17.6		14.3		15.9

				3-Apr-02		15.2		16.7		13.7		14.7

				10-Apr-02		14.6		14.6		12.1		13.7

						Fat (%)

				13-Mar-02						4.62		4.74

				20-Mar-02		4.9		5.27		4.68		4.65

				26-Mar-02		5.01		5.18		4.6		4.66

				3-Apr-02		5.26		5.12		4.76		4.78

				10-Apr-02		5.34		5.62		4.88		4.84

						Protein (%)

				13-Mar-02						3.82		3.9

				20-Mar-02		4.22		4.27		3.93		3.97

				26-Mar-02		4.14		4.23		3.91		3.99

				3-Apr-02		4.21		4.22		4.06		4.06

				10-Apr-02		4.16		4.31		4.06		4.04

						Solids (%)

				13-Mar-02						8.63		8.64

				20-Mar-02		9.11		9.53		8.61		8.62

				26-Mar-02		9.16		9.4		8.51		8.65

				3-Apr-02		9.47		9.34		8.82		8.84

				10-Apr-02		9.5		9.94		8.94		8.88

		Total production kgMS/cow in 4 weeks				41.4		44.10		33.8		36.4

		Feed Conversion Efficiency kg silage/kg MS				8.0		6.4		6.9		5.7

		Silage cost $/cow in 4 weeks

		Estimated Pasture Intake				Milk Production (l)						Feed Conversion Efficiency kg silage/kg MS

		kgDM/cow/d				if no silage fed						Grass Silage				Cereal silage

		Balfour		Otautau		Balfour		Otautau				Balfour		Otautau		Balfour		Otautau

				12.85				10.2						6.8161679504				7.0691361516

		12.85		12.2		13.1		9				8.0319134695		7.1108582806		6.877263766		5.6039152688

		12.55		12.3		12.5		9.2				7.9880711471		6.9122831271		5.8892815077		5.0638894047

		11.95		12.2		11.2		8.8				7.9197465681		6.9415521311		6.010337781		5.7326301307

		11.6		11.25		10.6		7.2				7.8947368421		6.8483769347		6.753106429		5.2366987851

				Milk production kg MS

				Balfour		Otautau

				0		0.88026

				1.19341		0.7749

				1.145		0.78292

				1.06064		0.77616				Balfour		Balfour		Otautau		Otautau

				1.007		0.64368

				4.40605		3.85792				41.4		44.10		33.8		36.4

				30.84235		21.604352				30.84235		30.84235		21.604352		21.604352

										10.55765		13.25765		12.195648		14.795648

						Balfour		Balfour		Otautau		Otautau

		Actual prod in 4 weeks				41.4		44.10		33.8		36.4

		Est prod without silage				30.84235		30.84235		21.604352		21.604352

		Diff				10.55765		13.25765		12.195648		14.795648

		Price		5		52.78825		66.28825		60.97824		73.97824

		$/kgMS		4.5		47.509425		59.659425		54.880416		66.580416

				4		42.2306		53.0306		48.782592		59.182592

				3.5		36.951775		46.401775		42.684768		51.784768

				3		31.67295		39.77295		36.586944		44.386944

		Marginal diff bewteen silages

				Extra production kg MS/cow				Extra return for cereal silage

		Price $/kgMS				5		4.5		4		3.5		3

		Balfour		2.7		13.5		12.15		10.8		9.45		8.1

		Otautau		2.6		13		11.7		10.4		9.1		7.8

		Average		2.65		13.25		11.93		10.6		9.3		7.95

		Marginal extra amount that can be paid for cereal silage over grass silage

		c/kgDM				15.5		14.5		12.5		11.5		9.5

		Feed		amount (kg)		84		84		84		84

		Price		1		0.84

		c/kgDM		2		1.68

				3		2.52

				4		3.36

				5		4.2

				6		5.04

				7		5.88

				8		6.72

				9		7.56

				10		8.4

				11		9.24

				12		10.08

				13		10.92

				14		11.76

				15		12.6

				16		13.44

				17		14.28

				18		15.12

				19		15.96

				20		16.8






