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How can the organic dairy farmer be self-sufficient with vitamins and minerals?
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Abstract

The aim of the present paper is to present a prototype of a decision support model simulating the feed and vitamin supply during a year on a farm self-sufficient with feed. The model takes into account that the content of vitamin and minerals depends on choice of crops, conservation method, season, plant development at harvest, quality of the silage production, and duration of storage together with traditional optimizing of the feeding scheme.

Introduction 

Self-sufficiency and recirculation of nutrients within the farm are central elements of the organic principles and if supplements such as vitamins and micro minerals are necessary they should come from natural sources, if possible (IFOAM, 2002). Organic dairy herds are fed 100% organically grown feed, but most supplements of minerals and vitamins are based on inorganic and synthetic products imported to the farm. Our hypothesis is that self-sufficiency with vitamins and minerals could be obtained at farm level through optimization of the choice of forage crops, management and combination of feedstuffs.

Materials and methods 

The decision support model is a static, deterministic model that calculates the consequences of choosing different strategies for feed production. Inputs are type of crops grown, including the use of herbs; conservation methods; season, stage of plant development at harvest, quality of the silage production and duration of storage. Output is the total supply of vitamins and mineral from the feed production on the farms, as well as actual supply for the different animal groups during the season. The model is therefore also a way to plan the use of the produced feed strategically during the season taking into account the loss of vitamins during storage. In the model, focus is primarily on the supplementation of zinc (Zn), copper (Cu) and selenium (Se) and vitamin A and E. 

Results and discussion 
The highest concentrations of pro-vitamin A (in the form of beta-carotene) and vitamin E (alfa-tocopherol) are found in grass, legumes and other green plants, while seeds, whole crop and corn silage only contain small amounts of vitamins. Some herbs have especially high levels of one or more minerals. A high concentrations of Zn, Cu, Se has been found in chicory and plantain (Sanderson et al., 2003) and sainfoin had a high Cu and Zn concentration (Kidambi et al., 1990). One means of ensuring adequate mineral nutrition of the diet is to increase the floristic diversity of the sward. The model includes the crops traditionally grown on organic dairy farms: barley, oats, wheat, maize, peas, blue lupines, perennial ryegrass, white and red clover, and lucerne. Furthermore some new crops and herbs are included: timothy, chicory, plantain, caraway, bird’s-foot trefoil, sainfoin, chervil and salad burnet.  

Grazing cattle normally have their requirements for fat-soluble vitamins met, whereas the content of fat-soluble vitamins may decrease to very low amounts when conserved herbage is used instead of pasture. The content of vitamin E in the ensiled crop is 59% lower for grasses and clover, when compared to the fresh crop and the content of vitamin A is reduced by 75% (Jensen, 2003) by ensiling. Hay making causes an up to 90% reduction in the content of A and E vitamin when compared with fresh grass (Jensen, 2003). The vitamin loss is lower if grasses and clover are dried for pellet production, compared with fresh crops there is a loss of vitamin E of 67% and of A vitamin of 25% (Jensen, 2003). In the model, grasses and legumes can be grazed, ensiled, harvested as hay or produced as pellets. 

For grass-clover grazed it was found that the concentration of both Zn and Cu were increased during the season (Jensen et al., 2000). Also for chicory the contents of Cu and Zn were increased during the growing season (Jung et al., 1996). The model includes the effect of season by including month in which the crop is harvested.

The highest concentrations of pro-vitamin A and vitamin E are found in the green leaves, while stem and more mature crops only contain small amounts (Jensen, 2003). For lucerne and timothy, content of vitamin E fell by 20-65% depending on whether the crop was harvested at the grass-stage or at the full flowering stage (Kivimäe & Carpena, 1973). Flye & Strudsholm (1994) found that variation in plant development (digestibility) could explain 25 to 85% of the variation in content of vitamin E in whole crop silage. In the model plant development is defined as early, middle or late. It is assumed that the level of vitamin E is 33% higher than the average value for plants harvested at early development and 33% lower than average for plants harvested at late deveolpment.

In the model the quality of the silage production is defined by pH and ammonia. 

The vitamins will undergo continuous degradation during storage, whereas the minerals will normally not be lost. The loss of E-vitamin in ensiled feed seems to be greater for whole crop than for grass silage, probably due to the higher risk of creating heat (Knudsen et al., 2001). According to Knudsen et al. (2001) 20% of vitamin E in the ensiled grass, clover and lucerne will be lost after six months of storage, for maize and whole crop silage the loss of vitamin E is expected to be 30-40% after six months. Number of months in storage is included in the model.

Strategies for feed production

In table 1 is presented different strategies for organic milk production based entirely on home-grown feed. Farm no 1 represent the present Danish organic milk production with a feeding level of 6415 kg dry matter per cow per year and a milk production of 8161 kg ECM per cow per year. 60% of the land on farm no 1 is grown with grass-clover for pasture and silage and 40% are grown with cereals for maturity and whole crop. On farm no 2 same strategy is used but the digestibility of the silage is lower, resulting in a lower level of feed intake and milk production per cow. On farm 3 maize silage make up 25% of the silage during winter-feeding and all silage during summer feeding. On farm 4 cereals is replaced by grass pellets.

In Table 2 is shown the level of vitamins (E and A in the form of beta-carotene) and minerals (Zn, Cu and Se) in summer and winter-feeding for the high yielding cows. Growing silage with low digestibility reduced total E vitamin production by 21%, and the level of vitamin E in the winter feeing ration for high yielding cows could not reach the recommended level for vitamin E. Replacing cereals by grass pellets increased total production of beta-carotene by 11%. All feeding rations were above the recommended level of beta-carotene.

During summer feeding, all strategies almost reached recommended level for Zn (95 to 98% of requirement). During the winter feeding the Zn requirement was only fulfilled by 83 to 85%, except for the grass pellet strategy that reached 96% of the requirement. Regarding supply of Cu, only 56-67% of the requirement is reached by the strategies, except for the grass pellet strategy that reach 82% of the requirement. Regarding supply of Se, only 38 to 49% of the requirement was reached by the strategies.

One way to increase the supply of Cu is to add chicory and plantain to the grass-clover fields as these crops both have a high content of Cu. If chicory and plantain each make up 10% of dry matter yield in all grass-clover fields in strategy 1, the total production of Cu from the 200 ha on the farm will increase by 30%. Thereby, it becomes possible to reach 95% of the recommended level for Cu. However, as crop yield (kg DM/ha) from chicory is assumed to be 75% of that of grass-clover, and crop yield from plantain is assumed to be 36% of that of grass-clover, the total crop production from the 200 ha will be 6.6% lower than that in strategy 1. Thereby, there will be feed for seven milk producing units (cows with heifers) less than in strategy 1 and income from milk will decrease by 6.1%. As expenses not are reduced proportionally, the financial result of the farm is decreased by 23% when Cu has to be supplied as home-grown feed.

Tab. 1: Feed ration per cow per year

	Kg DM per cow per year
	1

Basic
	2

Low dig.
	3

Maize
	4

Grass pellets

	Cereals 
	1628
	1628
	1382
	826

	Grass pellets
	0
	0
	332
	761

	Grass-clover fresh
	1518
	1518
	1518
	1518

	Grass-clover, silage high dig.
	3269
	0
	1757
	2472

	Grass-clover, silage low dig.
	0
	3140
	0
	0

	Maize silage 
	0
	0
	1341
	0

	Whole crop silage 
	0
	0
	0
	903

	Kg DM/cow/year
	6415
	6286
	6330
	6480

	Milk production
	
	
	
	

	kg ECM/cow/year
	8161
	7505
	8017
	7781

	kg ECM/ha/year
	4990
	4771
	5273
	5049


Conclusion 
This model is supposed to be an effective way of combining existing knowledge with knowledge generated in other parts of this project and makes it applicable to organic farmers and advisers. This preliminary model will be developed in interaction with visits to the study farms, where the aims are to evaluate the present practice and to demonstrate relevant alternatives for mineral and vitamin supply.
Tab. 2: Content in rations for high yielding cows during summer and winter 

	Winter feed ration
	1
	2
	3
	4

	E-vitamin, mg/cow/day
	1248
	622
	1066
	1290

	Beta-carotene, mg/cow/day
	743
	685
	745
	775

	Zn, mg/cow/day (% of requirement)
	829 (84)
	775 (83)
	822 (85)
	943 (96)

	Cu, mg/cow/day 
	132 (67)
	122 (65)
	124 (64)
	160 (82)

	Se, mg/cow/day
	0.79 (40)
	0.75 (40)
	0.74 (38)
	0.77 (39)

	Summer feed ration
	
	
	
	

	E-vitamin, mg/cow/day
	1726
	1772
	1558
	1518

	Beta-carotene, mg/cow/day
	1974
	2007
	1986
	1837

	Zn, mg/cow/day (% of requirement)
	879 (95)
	904 (95)
	904 (96)
	923 (98)

	Cu, mg/cow/day 
	112 (61)
	116 (61)
	107 (57)
	105 (56)

	Se, mg/cow/day
	0.91 (49)
	0.93 (49)
	0.88 (47)
	0.89 (47)
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