Sulphur supply: a limiting factor in organic roughage-based livestock production?
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Abstract - The herbage sulphur (S) content on 28 organic farms was monitored in order to evaluate the S supply for plants and ruminants in organic livestock production. The S content and the protein content were generally low. S fertilisation improved the yield and protein content of red clover only when the initial S supply was very low. Increasing S application rates did not increase the S content of red clover above a certain level that depended on other soil and environmental factors. Instead of an increase in the shoots with increasing S supply, there was an accumulation of S in the roots.

Introduction

Roughage is the most important S source for ruminants, as the content of S in concentrates is very low. Among other reasons, S is needed for constructions of proteins by microbes in the rumen. S deficiency is also likely to reduce both the quantity and quality of herbage yield, and biological N fixation.   


S released from soil organic matter or deposited from the atmosphere are the main sources of S.  As many areas have short, cool or rainy summers and low atmospheric S deposits, the supply of S for plants is likely to be low in most parts of northern Scandinavia. In many areas S deposition is below 5 kg ha-1yr-1, and non-sea salt (nss) deposition has decreased in recent years. 
In areas with high rainfall, there is a high risk of leaching losses of S, especially on sandy soils. In areas with low temperatures and drought, S mineralisation is restricted and therefore so is the plant availability of the organic S. Sulphur circulates ineffectively within a ruminant farming system, as only a small part of the S in the solid manure seems to be available to plants in the short term.
Farm survey

In a survey of 28 organic farms in Norway, we observed that the S content of the grassland herbage was generally low, particularly in the first harvest (Table 1).

Table 1.  Content of total S (g kg-1 DM) in herbage from 28 organic farms, given as median and 25 and 75% percentiles for the years 2001 and 2002.

	
	25 centile
	Median
	75 centile

	First harvest
	1.2
	1.3
	1.5

	Second harvest
	1.5
	1.8
	2.1



The recommended minimum S content in feeds for lactating dairy cows varies from 1.0 to 1.5 g kg-1 DM according to British standards (ARC, 1980) to a requirement of 2.0 g kg-1 DM according to NRC standards (NRC, 2001). 
The median content of crude protein (CP) at the first cut was 106 g kg-1 DM, and in 25 % of the samples the content was below 92 g. The value for the protein balance in the rumen (PBV) was negative in 90 and 44 % of the first and second cut samples, respectively, indicating a low protein supply when fed as the only fodder to animals in production.

In spite of the low S supply, high herbage yields were obtained. In the district with the lowest atmospheric S deposits (Trøndelag), 10% of the yields were above 8 Mg DM ha-1  QUOTE "(Govasmark et al. 2004)" 
(Govasmark et al, 2004)
. 
Field trials

We had three field trials in 2002, 7 in 2004, and 5 in 2005 to examine whether S fertilisation increased S content, yield, and the protein content of the herbage. S fertilisation did not increase either the yield or, the protein content. In most trials, S fertilisation had small but significant effect on S content in the herbage (Table 2). 

Table 2. Total yield (kg DM ha-1), and content (g kg-1 DM) of sulphur (S) and crude protein (cp) in red clover (Trifolium pratense) and timothy (Phleum pratense) with 0 and 20 kg S ha-1 yr-1 applied as CaSO4·2H2O; mean of four fields with two harvests in 2004 and 2005 ± std dev.

	
	First harvest
	Second harvest

	Kg S ha-1 yr-1 
	0
	20
	0
	20

	DM Yielda 
	560±160
	560±130
	370±140
	370±130

	S Timothyb 
	1.0±0.1
	1.1±0.1
	1.5±0.5
	1.7±0.6

	S Red cloverb 
	1.4±0.2
	1.5±0.2
	1.2±0.2
	1.3±0.2

	CP Timothyb
	7.6±0.9
	7.2±1.1
	9.0±2.8
	9.2±3.4

	CP Red Clover
	16.1±1.9
	16.8±1.5
	15.0±1.8
	15.5±1.7


an=16, bn=8.

The lack of response to S application can be explained by other factors than S that are limiting growth on these farms. 

Pot experiment 

In a pot experiment we demonstrated how the supply of other nutrients influenced the effect of S availability on yield (Figure 1) and S content in red clover shoots and roots (Figure 2). 
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Figure 1.  Herbage yield with increasing S content in shoots of red clover (Trifolium pratense) grown in unamended soil poor in S (Soil-u=□) and in the same soil supplemented with phosphorous, potassium, micro-nutrients and small amounts  of nitrogen (Soil+=+).  
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Figure 2.  S content in red clover roots with increasing S content in red clover shoots (Trifolium pratense) grown in Soil-u (□) and Soil+ (+). See Figure 1 for explanation.  

Conclusions

Herbage yields were high at many locations despite low herbage S content. S fertilisation on organic farms with low supplies of other nutrients will in general not increase the herbage S concentration, yield, or protein content. 
The S content in the total diets of ruminants should be monitored. Further the recommendations for S concentrations in fodder rations for ruminants should be critically examined in order to ensure appropriate S content in the diets of ruminants on organic farms 
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