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Abstract – Two organic systems were studied, the first based on self-sufficiency (SS) and the feeding of high-forage diets, and the second on purchased concentrates (PC) and maximising milk output. The growing of both concentrate and forage feeds in the SS system reduced the stocking density. Feeding high-forage diets increased the proportion of milk produced from forage but decreased the energy concentration of the ration, leading to lower milk persistency, reduced milk protein in early lactation and reduced pregnancy rates. In the PC system importing feed increased the stocking density but also increased the ‘farm-gate’ nutrient surpluses. 

 INTRODUCTION
An important choice for organic livestock farmers is whether they grow all feed on the farm in a more extensive system or purchase concentrate feeds to optimise milk output per unit area of land. While increasing the level of self-sufficiency within an organic dairy system has the potential to improve the farm-gate nutrient input/output balance, there is a requirement to establish a more complex crop rotation for the production of both concentrate and forage feeds (Kristensen and Kristensen, 1992). As organic diets often fail to provide sufficient energy to meet the dairy cow’s requirements (Knaus et al., 2001) the growing of high-energy grain or forage crops within a self-sufficient system is essential but also has the potential to markedly reduce the stocking density and output of milk. 

      The main objective of the current study was to compare the performance of two contrasting organic dairy system, including differences in farm-gate nutrient budgets, cropping strategies and herd performance.

DETAILS OF THE SYSTEMS

An established 94.5 ha organic dairy farm was divided into two separate self-contained systems (Self-sufficient – SS; Purchased concentrates – PC). The allocation of land to each system was balanced for soil type and fertility status, with the Holstein-Friesian cows allocated to each system to achieve similar age, milk performance and health status profiles. The on-farm manure was collected and recycled within the system of production and with the exception of lime that was applied to maintain the soil pH, no other organic fertilisers were used. 

    In the SS system the cropping was primarily based on barley and triticale cereal crops to produce grain and straw, red clover as high-protein forage, short-term Italian ryegrass + red clover leys for ensiling, and grass + white clover leys for grazing. In addition the potential of fodder beet and forage maize as high-energy crops was evaluated. In the PC system the all-forage rotation was based on spring barley undersown with short-term Italian ryegrass + red clover leys and grass + white clover leys for grazing.

    In both systems the cows calved predominantly in the February to May period to maximise the production of milk from grazed herbage, with heifers producing their first calves at two-years-old. High annual rainfall of up to 1,700 mm led to the herds being housed for six months of the year, leading to an annual requirement of between two and three tonnes of silage dry matter per cow.

    The key aim in the SS system was to increase the level of self-sufficiency and milk output from forage. In the PF system the objective was to maximise the milk output by feeding a higher level of purchased feed to ensure the diet was balanced throughout the lactation. 

RESULTS

Of the total land area in the SS system, 17% was allocated for grain production. The option of increasing the area of cereals to provide more grain and, therefore, concentrate feed for the cows’ was considered. However, the benefit of increasing the feed energy supply would have been balanced by insufficient nitrogen via N-fixation being available from the reduced area of legume-rich leys. An alternative option of growing winter rather than spring-sown cereal crops has now been introduced, leading to higher annual grain yields. 
     The total feed energy production was higher from forage crops grown in the PC system compared with the growing of both forage and grain crops in the SS system, with the average yield of Scandinavian Feed units in the two systems ranging from 6.39-8.44 (SS) and 7.41-9.20 t/ha (PC). The evaluation of fodder beet and forage maize showed both crops have the potential to increase the energy density of the diets for the SS dairy herd. However, the costs of production per tonne of both crops was significantly higher than the costs of either whole-crop cereals or grass + clover leys. Growing both fodder beet and forage maize also increases both the complexity and length of the crop rotation and the requirement for additional protein feed to balance the diets.   

Table 1. The results from the two organic dairy systems

	                  Type of system:
	Self-sufficient
	Purchased concentrates

	Forage source

Concentrate source
	Home grown

Home grown
	Home grown

Purchased

	Stocking density (cows/ha)
	1.28
	1.69

	Concentrates fed per cow (t)
	0.4
	1.4

	Milk production:

Milk yield per cow (kg)

Milk yield per hectare (kg)

% of total milk from forage

Milk fat + protein (kg)
	5,797

7,420

84

359
	7,054

11,921

49

439

	Efficiency of feed utilisation (MJ milk/MJ feed energy from)
	0.36
	0.40


The concentrate fed in the SS system was produced from the barley and triticale cereal crops, with the total grain harvested annually determining the quantity fed per cow. To balance the low protein of the grain, red clover silage with a protein content of 16-20% was included in the diet. During the study an average of 0.4 tonnes of grain was fed per cow, at a rate of 2 kg per day for the first 100 days of lactation. In the PC system the concentrates were fed according to milk yield, with a maximum of 8 kg DM per day fed during early lactation. 

    As shown in Table 1 the stocking density in the SS system was markedly lower than in the PC system, attributable to both the growing of grain crops and the increased requirement for forage due to the lower concentrate inputs. Seasonal variations in crop yields was a more significant factor in the SS system, leading to the requirement to maintain a reserve feed source to compensate for years in which the crop yields were lower due to climatic factors.  

    During the study the feeding of only 0.4 t of concentrates and the resultant reduced dietary energy was a limiting factor for some, but not all of the cows in the SS system during the early-lactation period. In the PC system, where the level of concentrate feeding was higher (1.4 t/cow) and related to the milk yields of the individual cows, sufficient energy was available throughout the lactation period provided quality forage was available ad libitum. Feeding a higher quantity of concentrates in the PC system increased milk yields but sharply reduced the proportion of milk produced from forage. 

    The differences between the systems in feed energy supply led to a decline of 0.38 kg/week in the milk yield of first-lactation cows in the SS system, compared with improved milk persistency and a smaller decline of only 0.28 kg/week in the PC system. For some cows the lower feed energy levels in the SS system led to low milk protein concentration during early lactation (<3.0%) and a high milk fat to protein ratio, reported by Heuer et al. (2000) as an indication of sub-clinical ketosis.  Sehested et al. (2003) also found reduced milk protein concentrations when the proportion of concentrates in the diet was reduced but reported no indications of health problems.

While pregnancy rates of 90% were consistently recorded in the PC herd, the problem of insufficient energy in the diets of the cows in the SS herd reduced the pregnancy rate to 83%. The Holstein-Friesian cows performed well in the PC system, including maintaining the appropriate body condition score throughout lactation. However, in the SS system where the input of concentrate was lower an alternative dual-purpose breed of cow or cross breeding with for example the Jersey breed, has the potential to improve the balance between the cow’s nutrient requirements and the feeding of very high-forage diets, reducing the problem of negative energy balance in early lactation that can lead to reduced milk persistency, lower milk protein concentrations and reduced fertility.   

    Calculation of the farm-gate nutrient budgets for nitrogen (N), phosphorus and potassium (K) showed marked differences between the two systems. In the SS system there was an annual surplus of N (+84 kg/ha) but a deficit of P (-5) and K (-3 kg/ha) due to the export of nutrients, primarily in the milk sold from the system. Importing concentrate feeds into the PC system was the primary factor in the annual surplus N (+172), P (+7) and K (+38 kg/ha). Analysis of the mineral concentration in herbage samples showed no differences between the systems, with the values within the range reported for grass + clover leys grown conventionally. The efficiency of nitrogen utilisation and feed energy for milk production were slightly lower in the SS system (21 and 36% compared with the PC system (23 and 40%).
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