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Introduction


Does pasture meet the nutrient requirements of the high producing dairy cow? Which nutrient will be limiting at 300, 400, 500 or 600 kg milksolids per cow? What supplements can we profitably use to compensate for limiting nutrients? Can the cows eat enough to meet their demand? Pasture is an economic, but often highly variable feed source for dairy cows. The art of high per cow production using pasture as the main feed source, is to focus on pasture quality and intake over 365 days per year. 

What is pasture quality?


Pasture quality can be described as how well it supplies the nutrients to meet the requirements of the dairy cow. This is a function of the composition of pasture (water, crude protein, fibre, soluble carbohydrate, etc.) and the amount the cow can or will eat of that pasture. The relationship between composition and intake is important, but is a paper on it’s own and will not be covered in detail here. Firstly, we will describe the different components you find when you have a sample analysed for feeding value.


In Table 1 the composition of a high quality spring pasture is compared with more mature low quality summer pasture and the preferred nutrient levels for early lactating cows (500 kg Friesian, producing 2.4 kgMS). (Kolver, 1998).

Table 1: Composition of a high quality spring pasture is compared with more mature low quality summer pastures.
	Nutrient, % DM
	Leafy spring pasture
	Mature, stemmy pasture
	Preferred minimum level
	Maximum Level

	MJ ME
	12.0
	8.9
	12.0
	

	Protein
	26
	12
	24
	30

	NDF
	40
	56
	35-40
	50

	Soluble Carbohydrates
	18
	13
	25
	35

	Fat
	6
	4
	3
	6


Energy: fuel the motor


ME stands for Metabolic Energy and indicates how much energy is available for the cow after accounting for losses in the faeces, urine and with gases (methane). Digestibility mainly determines the ME content of the pasture.


A 500 kg Friesian cow producing 2.4 kgMS per day (Kolver, 2000) needs 65 MJME for maintenance (staying alive, grazing and a bit of walking) and 2.4 * 65 = 156 MJME for milk production, amounting to 221MJME. So if this cow would be grazing under ideal conditions and achieves her maximum intake of 18 kgDM pasture this means that the pasture needs 

12 MJME per kgDM. Problem in reality is that the cows often achieve maximum milk production 4 - 6 weeks after calving, while they only reach maximum pasture intake 

8 - 10 weeks after calving, i.e. mobilisation of body reserves in the first two months of lactation is inevitable.


The net pasture dry matter intakes required to achieve different peak milk solids yields are summarised in Table 2, based on the assumptions shown below the table. It clearly shows that energy-intake is the most limiting factor, but can be achieved with high intakes of high quality pastures up to at least 500 kg milksolids per cow per day. At higher production levels protein nutrition starts acquiring attention.


Furthermore the ME content / digestibility is really important for intake: the higher the ME the higher the intake and vice versa. So a low ME-value for spring pasture (10 - 11 MJME) causes trouble twice: less energy per kg dry matter and less intake (compounding interest).

Table 2: Dry matter intake required and first limiting nutrient for different milk production levels.

	MS/year
	Average

kgMS/day
	Peak

kgMS/day
	Intake

kgDM/day
	Limiting nutrient

	300
	1.1
	1.5
	13.0
	Energy

	400
	1.4
	2
	15.8
	Energy

	500
	1.8
	2.4
	18.1
	Energy

	600
	2.1
	3
	21.5
	Energy / protein


Assumptions:

· 500 kg Friesian cow, 280 days in milk.

· Pasture with 11.5 MJME and 24 % protein

· 0.5 kg bodyweight loss per day (25 MJME per kg bodyweight mobilised)

· Pasture intake required is pasture eaten, not pasture allowed

Sufficient protein?


The protein value of pasture is often expressed as crude protein: the amount of nitrogen multiplied by 6.25. The cow needs protein to maintain her body tissues and to produce milk protein, besides the fact that the rumen bugs go on strike below 12 % protein in the diet.
In general about 2/3 of the protein in the intestine of the cows is supplied as microbial protein (made in the rumen) and about 1/3 is bypass protein. Rumen microbes grow well on high quality pasture and bypass protein in reality is higher than often assumed, caused by the high passage rate of pasture out of the rumen (4 - 7 % per hour). Furthermore the amino acid composition of the microbial and bypass pasture protein matches the requirements of the cows quite closely Therefore 24 % protein content in a highly digestible (>75 %) pasture is adequate for a production of 2.4 kg milksolids.

Too much protein?


Spring pasture is often associated with too much (soluble) protein resulting in metabolic problems, fertility etc. A surplus of rumen soluble and degradable protein causes ammonia levels in the rumen to rise. The ammonia is transported across the rumen wall into the bloodstream and converted in the liver to urea. Therefore high blood and milk urea nitrogen (BUN and MUN) indicate a high surplus of protein degraded in the rumen. For example young, leafy pasture has a protein content of over 25 %. Westwood et al (1998), in a review article, found that changes in urea concentrations in body fluids explained only 25 % of the variance in conception rate. Smith et al. (2001) found little correlation between bulk milk urea nitrogen in the period after calving and through mating with submission and pregnancy rates in 127 New Zealand dairy herds. Body condition at calving and body condition loss between calving and mating seem to have a far bigger impact in the New Zealand pasture based system than a protein surplus.


Kolver and Muller (1998) calculated the energy cost of excreting surplus protein in the form of urea as 0.1 kgMS. For a high producing dairy cow more than 25 % protein is not beneficial. Pasture with more than 30 % protein (when pasture is the only feed) can also cause reduced fertility. In these cases, adding a carbohydrate-source to the diet, e.g. maize- or cereal-silage to the diet can be beneficial. Another option is to not apply high amounts of N-fertiliser (more than 50 kg N) in one hit, but apply smaller quantities distributed over the growing season.

Fibre: what’s the story?


Fibre is worldwide a hot topic in dairy nutrition. The most commonly used recommendations are from the United States (NRC 2001) and are expressed as effective fibre (eNDF). Effectiveness means how good the fibre in the feedstuff is in stimulating chewing and ruminating of the cow. Summer-dry Waikato pasture (NDF>55 %) might be 100 % effective, while lush, leafy South Island spring pasture (NDF<40%) might only be 40 % effective. The USA recommendations state a minimum of 20% eNDF in the diet. In New Zealand conditions this will only apply in diets with more than 30% supplements high in starch and sugar, e.g. potatoes or cereals. Starch and sugar in large quantities stimulate lactic acid production, which can inhibit microbial growth in the rumen. 


De Veth and Kolver (1999) showed in rumen-simulation studies that 17 % effective fibre is still appropriate for an all pasture diet. Even at a pH of 5.8 digestibility and microbial growth remained high. If pasture NDF is 40 % and % eNDF is 45 % the minimum requirement will still be met: 40 % x 45 %= 18 % eNDF. If spring pasture is only 35 % NDF, as measured on new irrigated dairy pastures, e.g. at the Lincoln University Dairy Farm, and effectiveness is only 40 % (40 % x 35 %= 14 % eNDF), fibre levels will be insufficient to sustain optimal rumen function. In these situations 1 - 2 kg DM of palatable straw/hay (60 - 80%NDF and 100 % effective) will be sufficient to prevent problems. Make sure the quality is right (fresh, clean, no mould) so that cows will actually eat it.

Soluble carbohydrates


In pasture the soluble carbohydrate-fraction consist mainly of fructosans (complex sugars).


In ryegrass based pastures the level varies normally between 5 - 25 %. NRC (2001) recommendations state 35 - 38 % total soluble carbohydrates (starch and sugar) as optimal level for high producing dairy cows. A major difference between these diets (maize-/ lucerne-/ pasture silage based) and the pasture-based diet is the high levels of fermentable fibre in young lush pasture. The highly fermentable fibre is just as good a source of rumen available carbohydrates as starch or sugar. This is the major reason why Kolver (1998) was not able to get a significant response of adding starch and sugar via molasses, grains, potatoes etc: he found it substituted the pasture. In case of lesser quality pasture or restricted intakes these supplements will be more effective in stimulating microbial growth and milksolids production. 

Minerals


Mineral levels in pasture are mostly adequate. In Table 3 the mineral requirements for a high producing dairy cow in early lactation are compared with common values in spring pasture.

Table 3: The mineral requirements for a high producing dairy cow in early lactation and common values in spring pasture.

	Minerals
	Cow requirements (%)
	Pasture content (%)

	Calcium
	0.6 - 0.8
	0.35 - 0.6

	Phosphorus
	0.40
	0.35 - 0.5

	Magnesium
	0.22 - 0.28
	0.18 - 0.24

	Sodium
	0.20
	0.15 - 0.30

	Potassium
	1.0
	2.5 - 4.5

	Sulphur
	0.23
	0.25 - 0.35



Calcium and magnesium certainly require supplementing around calving, because levels are not sufficient in pasture. Furthermore pasture intake in the first two weeks after calving does often not exceed 10 - 12 kg dry matter.


Table 4 summarises the supplementation rates recommended by Roche (2000) for transition cows. Cows can be drenched with a molasses-mix or mixed through a supplement like maize-silage or grain.

Table 4: Supplementation rates recommended by Roche (2000) for transition cows.
	When
	Calcium (g)
	Limestone (g)
	Magnesium (g)
	Magnesium oxide (g)

	3 weeks pre-calving
	0
	0
	15-20
	30-40

	2 weeks post-calving
	70-100
	150-200
	15
	30



Sodium can also be limiting. At the end of spring a mineral and trace-element analysis of pre-grazing pasture on the different soil types at your farm can give a clear view if levels are (in) adequate. Furthermore the trace elements Cu, Se, cobalt and iodine can be limiting, supplying this three weeks before and four weeks post calving can be a cheap insurance policy.

Pasture-intake


Probably the most limiting factor in milk production from pasture is dry matter intake.

Pasture-based research around the world shows that maximum pasture intake levels of high producing dairy cows are 19 - 20 kgDM. Assuming the ME-content is 11.5 - 12 MJME per kg DM the diet will supply enough energy for a maximum of 2.5 kgMS, if conditions are perfect

Similar cows offered a high quality TMR diet can eat about 24 kg DM, assuming a similar energy content the cows will be consume 4 x 12 = 48 MJME extra, enabling them to produce 48/65=0.7 kgMS extra.


Many factors can restrict intake: pasture allowance, pasture quality (dry matter, digestibility), cow health (lameness), available grazing time, etc. The ongoing challenge is to get this perfect through at least 300 days per year: coping with all the variables out there. 

Variability


At the newly converted Lincoln University Dairy Farm (LUDF) pasture quality is analysed during this season. Figure 1 reveals the ME and dry matter content of the pre-grazing samples in the different months. The relatively wet spring in Canterbury lowered the dry matter content in the pasture below 15 %, which can cause reduced intakes. The pasture project funded by the Westland Dairy Cooperation on the Dexcel monitor farms in Westland showed a drop in dry matter content to as low as 12 % in November, due to the high rainfall in that part of the season. This coincided with a strong post-peak decline in milk solids yield. 


The ME in the university farm pasture was 12 in early spring and decreased to 

11 - 11.5 MJME per kg DM when pasture became more mature.
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Figure 1: Energy (MJ ME per kg DM) and dry matter content (%) in the Lincoln University Dairy Farm pasture.


Figure 2 shows the fibre (NDF) level in early spring in the new pastures was much lower than the expected 30 %. Due to seed-heading the fibre levels rapidly increased to 45 - 50 % and protein content dropped from 24 to 20 %. Soluble carbohydrate levels (mainly sugars) remained low in the spring due to rain and overcast.
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Figure 2: Fibre (NDF), protein and water soluble carbohydrates in pasture on the Lincoln University Dairy Farm.
Conclusions


Ryegrass / clover pasture can be a high quality feed meeting most of the requirements of the high producing cow. The major challenge is to keep quality and intakes high throughout the season. Fibre and energy level require extra attention in the early spring.

Note


This spring Dexcel will organise pasture-quality workshops as part of the Feed4Profit project in co-operation with other rural professionals. Focus at these workshops will be assessing pasture-quality on farm and developing practical tools to help manage quality on a regional basis.
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Workshop summary

Background


Wybe came to New Zealand from the Netherlands in 1991/1992 and worked for Colin Holmes at Massey University in trial work. Currently Wybe is based at Lincoln University where he operates as Extension Specialist in nutrition for Dexcel.

Presentation summary

· Pasture quality is important for two reasons:

· Low quality pasture has lower energy per kgDM. 

· Reduces the overall intake because of a lower preference feed.

· Facts about protein:

· 21% protein in highly digestable pasture (>75%) is adequate for 

      2.4 kgMS/cow/day.     

· Unless protein in pasture is greater than 30% it is not necessary to add lower 

       protein supplements to balance the diet.

· Fibre:

· For pasture min NDF 35%; min eNDF 17%.

· Lower fibre levels than this can occur in lush spring grass or high N pasture; 

      adding a small amount of fibre may be useful e.g. high quality straw / hay.

Discussion summary

· High pasture quality (ME) = High Intake = High Energy Intake = High production.
· To achieve high intake levels:
·    Healthy cows e.g. no lameness.

·    Reduced walking distances.

·    Pasture ME greater than 11.5.

·    High pre-grazing cover allows the cow to gain maximum bite size.

· Managing pasture quality is more important than cultivars or use of probiotics.
· Pasture is an adequate feed source to produce up to 470 kgMS/cow.
· The critical nutrient is energy up to about 450 kgMS/cow.
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Data

		Our Reference		213764		214469		214889		215659		220213		220809		221551

		Sample Reference		S2		S 2		N7		N7		N 1		N4		N6		N6

		Date sampled		9/3/01		11/3/01		11/24/01		12/19/01		1/5/02		1/29/02		3/2/02		4/7/02

		Title		3 Sept		3 Nov		24 Nov		19 Dec		5 Jan		29 Jan		2 Mar		7 Apr

		% Protein		26.4		18.4		19.1		19.1		19.2		20.8		19		23.9

		% WSC				11.8		12.7		16.2		12.8		12.8		16.1		11.7

		% NDF		30.5		44.3		49.7		46.9		45.5		48.1		42.6		38.5

		% Acid  Detergent Fibre				26.1		28.8		24.4		24.8		23		23.5		22

		Digestibility (DMD)		81.7		76.6		78.8		82.5		76.4		75.1		75.4		75.6

		Title		3 Sept		3 Nov		24 Nov		19 Dec		5 Jan		29 Jan		2 Mar		7 Apr

		MJ ME/kgDM		12.3		11.3		11.5		12.1		11.4		11.1		11.2		11.1

		% DM		15.2		14.4		14.6		16.5		14.5		16		18.6		14.3

		% Organic matter		88.2		88.9		88.0		88.6		90.3		90.4		90.2		89
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