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Abstract 
Long-term fertility of organically managed soils is challenged by repeated removal of plant nutrients through cash crops. The use of selected rock powders may contribute to maintain soil fertility. A pot trial with Italian ryegrass and white clover was used in order to study the potential of a biotite-rich and of an apatite-rich rock powder to maintain and improve the nutrient supply of organically managed soils. 
Introduction 

Motivated by the high price of soluble K-fertilizer  during the 1st World War, a number of field trials showed that biotite-rich rock powder has a long lasting ability to improve crop yields on K deficient soils (Solberg 1928). Only a few studies have followed those early works (e.g. Bakken et al. 2000). Due to its bulky weight and volume, rock powder is not competitive relative to low price soluble K fertilizer. However, its use can be of interest on organically managed farms in order to counteract the continuous removal of nutrients through sale of cash crops, which is challenging the long term fertility of soils with moderate nutrient reserves on farms without animal manure (Løes & Øgaard. 1997). It may also enable the conversion to organic management of poor sandy soils, which is usually discouraged even in the case of animal production. Even the most easily weathering rocks release nutrients very slowly, however this does not need to be a drawback since slow nitrogen supply often retards the initial growth rate of organically managed crops.
This work is a contribution to the study of the potential of biotite-rich rock powder (biotite-Rp), alone or in combination with igneous apatite-rich rock powder (apatite-Rp), as source of potassium (K), phosphorus (P) and other plant nutrients. Igneous apatite is less soluble but has lower heavy metal content than sedimentary phosphates. A working assumption is that if a rock powder can increase the nutrient uptake by plants grown on a very deficient soil, it is also likely to be able to maintain soil fertility in areas where nutrients removed by crops can neither be compensated by the weathering of local soil material, nor by large supply of organic amendments.  Both nutrient uptake by plants grown in pots and artificial rock weathering were studied (Speetjens 2007). Selected results from the plant trial are presented here.
Materials and methods 

A finely ground biotite-Rp (biotite gneiss, K content 1.3 % by weight, 50 % grain size 0,36 mm) was added alone, or together with low-grade igneous apatite-Rp (apatite norite, P content 2.2 %, 50 % grain size 0,38 mm),  to the top 10 cm of three-litre pots filled with a sandy soil known to be extremely deficient in plant nutrients, from a an eolian deposit (“Elverum sand”) poor in organic matter. The low dose (LB, 13 ton ha‑1) of biotite-Rp was merely sufficient to raise the index for easily plant available potassium to what is considered the exhaustion levels by repeated cropping of unfertilized sandy soils. The high biotite-Rp dose (HB) was five times as much. Apatite-Rp was added in low dose (LA, 9.8 ton ha‑1) or high dose (HA, 29 ton ha‑1).There were three controls: limed fertilized (K1), non-limed fertilized (K2) and limed unfertilized (K3). The latter two received moderate doses of potassium sulphate and calcium phosphate. Liming raised the soil pH to the same level as the large application of biotite-Rp. In an additional treatment, calcium phosphate was added to HB (HB-P). As plants, in particular clover, showed symptoms of micro-nutrients deficiency, a solution containing Cu, Zn, B, S and Mo was added to all pots once.
Pots were planted with either Italian ryegrass or white clover plants which had germinated on an organically certified soil, in order to ensure vigorous seedlings and infection of clover roots by symbiotic bacteria. Ryegrass pots were fertilized repeatedly with low doses of ammonium nitrate, while clover plants received no nitrogen application. Treatments were replicated four times. Plants were harvested consecutively three (clover) or four times. At the end also stubbles (ryegrass) and stolons (clover) were collected, and the N, K, P, Mg, S and Ca content of each sample was analysed. 
Results 

Application of rock powder always significantly increased the total dry matter yield of ryegrass (sum of 4 harvests + final stubble), compared to the unfertilized control. Clover showed a similar trend (sum of 3 harvest + final stolons), although the total yield increase was statistically significant only when a large dose of apatite-RP was added in addition to biotite-Rp (Figure 1). HB combined with a moderate application of calcium phosphate raised the dry matter yield of both species to the same level as the next best fertilized control, which indicates that biotite-RP was a good source of K. As expected, K and Mg uptake increased with application of biotite-Rp, and even more so when pots were moderately fertilized with calcium phosphate (data not shown). Unexpected was though the effect of biotite-Rp on the total amount of P taken up by the plants. Low biotite-Rp dose raised the amount of P absorbed by the plants. This can be attributed to the small amount of P (0.09 %) present in the biotite-Rp, but the amount of P taken up was significantly reduced when more biotite-Rp was applied (Compare LB with HB on Figure 1). For ryegrass this was true also when apatite-Rp was added (compare LB-HA with HB-HA in Figure 1). 
Application of apatite-Rp did not increase the total P uptake, but for one case with white clover (compare HB with HB-HA in Figure 2). However, it significantly increased the uptake of S by ryegrass (not shown). A similar, although not statistically significant increased S uptake was found in white clover. Unexpectedly, addition of apatite-Rp increased the uptake of K (data not shown). Clover benefited well from the combined application of HB and HP, which raised the biomass production to 70 % of the “best” fertilized control (K1 = 100 %, K3 = 42 %).
Total nitrogen uptake by clover (sum of 3 harvest + final stolons) was always increased (Table 1). Due to the very low N content of the soil this indicates a strong positive effect of the rock powders used, on biological fixation. This will obviously benefit also grasses and herbs present in a clover-grass leys. As mentioned, N fertilizer was applied to ryegrass only.  
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Figure 1: Dry matter yield and P uptake (g m-2), sum of four ryegrass harvests + final stubble, or three white clover harvests + final stolons.  See text for explanation of treatments. Within the same plant species, treatments with the same letter are not statistically different (P>0.05)
Tab. 1: N uptake by white clover. Treatments as in Figure 1. Treatments with the same letter are not statistically different (P>0.05)

	Treatment
	K1
	K2
	K3
	LB
	HB
	LB-LA
	HB-HA
	LB-HA
	HB-P

	N (g m-2)
	19.0a
	13.7bc
	5.3e
	9.0d
	8.5d
	8.7d
	11.9c
	9.6d
	15.3b


Discussion 
The weathering trial indicated that the small amount of P present in biotite-Rp was more soluble than P contained in the apatite-Rp. This can explain the positive effect of a moderate biotite-Rp application on the amount of P taken up. One would then expect an even higher P uptake when the biotite-Rp application was increased from LB to HB, while the results show that P uptake was lowered. A raise in pH (aq), from 5.9 to 6.7 in the soils with low and large biotite-Rp dose, respectively, can be a reason for the negative effect of increasing the biotite-Rp dose on the P uptake. However, other mechanisms may have played a role. For example the weathering trial showed that contact with biotite-Rp reduced the amount of soluble P extracted from apatite-Rp using a 0.01 M citric acid solution. A possible reason for this can be the precipitation of phosphates reacting with iron.  Although the large biotite-Rp dose is not practicable in common farming, this result shows that the use of biotite-Rp can pose some problem on P-deficient soils. On the other hand, plant growth on the HB-P treatment indicates that where P is not severely deficient, the biotite-Rp tested in this trial can effectively improve the K and Mg supply available for plants.
Given the extremely low P level in the soil, we  expected a positive effect of apatite-Rp on P uptake.  However, the lack of a positive effect on ryegrass is in good agreement with many field trials under conventional management. It is thus most interesting that, when supplied with a large dose of biotite-Rp, white clover took clear advantage of a large dose of apatite-Rp. In general white clover took up much more P than ryegrass, and in real field situation this will benefit ryegrass as well, through decomposition of white clover residues. A higher microbial activity than in the test soil used in this study, a lower pH and the presence of mycorrhiza may improve the apatite-Rp ability to supply P in organically managed soils. Application to composting heaps has been suggested as a way to increase bio-availability of rock phosphate (Sekhar & Aery 2001). This opportunity should be tested further.

Increased uptake of Mg (present in large amount in the biotite-Rp) and of S (present in small amount, most in apatite-Rp) were also important, with positive consequences on the nutritional values as well as on yield mass.  For example, ryegrass and white clover grown on HB-P had equally high yields as one of the fertilized controls, but a lower K/(Mg+Ca) ratio, which is preferable for cattle nutrition.  
Conclusions 
The results confirm the hypothesis that the selected rock powders can improve the supply of elements that are essential for growth of plants, suggesting that they can help sustaining soil fertility. However, some unexpected and complex results exemplify the need for more knowledge of the weathering and chemical reactions when rock powders are added to soils. They also indicate that applications of biotite-Rp in large quantity should be handled carefully. Most important, the results show that clover can take advantage of apatite-RP better than ryegrass, but there is still a scope to search for techniques that can improve the bio-availability of igneous phosphate rocks.
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