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Abstract 
Organic vegetable growers can use compost to supply crops with nutrients and increase soil organic matter (OM), but little information is available about the transformations of compost OM over time in organically managed systems. This study examined light fraction soil organic matter (LFSOM) and organic carbon (C) and nitrogen (N) in organically and conventionally managed snap bean cropping systems (continuous beans (CB) and a fully phased beans/fall rye rotation (BR)) following three years of fertility treatments (1x and 3x compost, and 1x synthetic fertiliser, where 1x provided 50 kg ha-1 N). Light fraction C and N increased with compost amendment, with the C:N ratio significantly lower in composted plots than in synthetically fertilised plots. Rotation and weeding method played no role in the composition of LFSOM, or the percentage of LFSOM making up whole soil organic C or N. Light fraction N and C roughly doubled in the 1x compost plots over the three years, compared with synthetically fertilised plots, but was only 2.5 times higher in 3x compost plots. While the addition of 13 t ha-1 C increased whole soil C by 5.6 Mg ha-1, tripling the amount of added C raised whole soil C by 9.9 Mg ha-1. 1x and 3x compost increased whole soil N by 20 and 33%, respectively, compared with the 1x synthetically fertilised plots. The 3x compost treatment only, by reducing bulk density, improved soil physical properties.
Introduction 
Soil organic matter has many important functions in promoting crop growth, including provision of nutrients, retention of water, connecting pore spaces and supporting plant-growth promoting organisms (Weil and Magdoff, 2004). When fertilising organic crops with compost, large quantities of organic matter are added to the soil influencing physical properties such as bulk density (Lynch et al., 2005), as well as pools of organic carbon. One densiometric fraction, the light fraction soil organic matter (LFSOM), represents a pool of organic matter intermediate to labile pools of fresh crop residues and recalcitrant pools of humic materials. LFSOM is considered a useful early indicator of changes in SOM due to management practice (Gregorich and Ellert, 1993), and has been used to describe the fate of compost amendments to soil (Lynch et al., 2005; Carter et al., 2004; Grandy et al., 2002). Fertility treatments affect the proportion of LFSOM in the soil, as well as its constituent proportions of carbon and nitrogen (Lynch et al., 2005; Grandy et al., 2002). Other cropping practices may affect LFSOM, including crop rotation (Grandy et al., 2002) and, over the long term, tillage (Murage et al., 2007). This study aimed at determining the effects of three years of fertility regime (synthetic fertiliser vs. compost rates), crop rotation, and weeding tillage on LFSOM and LF C and N.  
Materials and methods 

A long term organic rotations experiment was established in 2002. The layout consisted of three replicates at two sites, each comprising three strips, to which each was assigned a rotational sequence of continuous beans (CB), or one of the phases of a beans/fall rye two-year rotation (BR). Strips were divided into six plots. To each was assigned a treatment combination (Table 1) of fertiliser and weeding method. Compost had a mean C:N ratio of 19.8, with total nitrogen on a dry matter basis of 1.2%. The 1x compost rate delivered the equivalent of 50 kg N ha-1: the same rate of N applied in synthetically fertilised plots. In herbicide-treated plots, herbicide applications followed commercial practices. Mechanical weeding was carried out twice per season. Treatments are summarized in Table 1. Bulk density cores and soil (0-15 cm depth) samples for organic matter analysis were taken after the completion of the crop rotation cycle, early in 2006. Total soil organic matter was separated into heavy and light fractions using a sodium iodide solution with a density of 1.7 g cm-1 in the manner described by Gregorich and Ellert (1993) and carbon and nitrogen were measured using dry combustion in a LECO CNS analyser. Analysis of variance was used to assess effects of rotation and fertility treatments, and calculations estimated the amount of applied compost C and N, and remaining whole soil C and N. 
Tab. 1: Summary of treatments applied in the first rotation cycle (2003- 2005) 
	Treatment
	Source of nutrients
	Yearly N-P-K on Beans (kg/ha)
	Yearly N-P-K on Rye (kg/ha)
	Weeding method

	F1x -M
	Fertiliser
	50-68-82
	100-15-60 
	Mechanical

	F1x-H
	Fertiliser
	50-68-82
	100-15-60 
	Herbicide

	C1x-M
	Compost
	50-28-26
	50-28-26
	Mechanical

	C1x-H
	Compost
	50-28-26
	50-28-26
	Herbicide

	C3x-M
	Compost
	150-84-78
	150-84-78
	Mechanical

	C3x-H
	Compost
	150-84-78
	150-84-78
	Herbicide

	Note: P and K rates are averages for the three years. For fertiliser, rates varied according to soil test. For compost, rates varied according to compost composition.


Results
Compost amendment affected the C and N content, and the C:N ratio of the LFSOM compared with synthetic fertiliser amendment (Table 2). In addition LF C and LF N as percentages of TOC increased with compost amendment (Table 3). Only the 3x rate of compost reduced soil bulk density. Weeding treatment and crop rotation did not significantly affect any of the parameters, though a significant rotation x weeding interaction existed for whole soil C:N showing it higher in mechanically weeded CB plots than in herbicide treated CB plots. In BR, weeding method did not affect whole soil C:N.
Tab. 2: Mean light fraction (LF) carbon (C), nitrogen (N) content and C:N in soil (0-15 cm)  from different fertility treatments applied from 2003-2005.
	Treatment

	LF %C
	LF %N
	LF C:N

	F1x
	27.40
	1.33
	20.42

	C1x
	29.76
	1.58
	18.82

	C3x
	31.40
	1.70
	18.48

	Standard error of mean
	0.026
	0.019
	0.304

	
	
	
	

	Significance
	
	
	

	Fertility application
	***
	***
	***

	Fertiliser vs. Compost
	***
	***
	***

	Rotation
	ns
	ns
	ns

	Weeding
	ns
	ns
	ns

	ns non-significant, *** significant for P<0.001


Tab. 3: Mean light fraction (LF) carbon (C) and nitrogen (N) expressed as percentatges of whole soil (0-15 cm) organic (O) C and N, and bulk density in fertility  treatments over 2003-2005.
	Treatment

	LF-C as % of whole soil OC
	LF-N as % of whole soil ON
	Bulk density (g (cm3)-1)

	F1x
	7.40
	6.33
	1.30

	C1x
	13.47
	11.86
	1.30

	C3x
	18.86
	16.71
	1.24

	Standard error of mean
	0.070
	0.076
	0.015

	
	
	
	

	Significance
	
	
	

	Fertility application
	***
	***
	**

	Fertiliser vs. Compost
	***
	***
	~

	Rotation
	ns
	ns
	ns

	Weeding
	ns
	ns
	ns

	ns non-significant, ~ significant for P<0.1 *significant for P<0.05, **significant for P<0.01, *** significant for P<0.001


Tab. 4: Carbon (C) and nitrogen (N) applied over three years, and changes to mass of whole soil C and N measured in 2006.
	Treatment

	Total C applied 
(Mg ha-1)
	Total N applied
(kg ha-1)
	Whole soil C (Mg ha-1)
	Whole soil N (kg ha-1)

	F1x
	0
	150
	31.6
	1950

	C1x
	13
	150
	37.2
	2340

	C3x
	39
	450
	41.5
	2604


Discussion 
Gains in LFSOM, C and N are expected when amending soils with composts, which are composed of organic matter in varying stages of transformation from labile fresh material toward humic materials. In this study, gains in LFSOM, C and N were not proportionate to compost application rate. This runs contrary to the results of another study which examined corn silage compost at two rates, one double the other, and found that soil C concentrations and total soil C both increased proportionately with compost rate, compared with a non-compost amended control (Lynch et al., 2005). Compost did not transform into more resistant heavy fraction soil organic matter (HFSOM) more quickly in the 3x compost rate than in the 1x compost rate, since HFSOM data showed equal increases in HF C and HF N between synthetic fertiliser and 1x compost as between 1x and 3x compost (data not shown). Other interactions are likely at work, which may be revealed with further study of crop residues returned to the soil during the period of study, crop products exported. Study of plant nutrient data may give insight into the mineralization of organic matter in the different treatments.   
Conclusions 
Compost application increased whole soil C and N, LFSOM, LF C, LF N, and the LF C:N ratio. Weeding method and crop rotation did not affect these parameters, except in the CB rotation, where mechanical weeding resulted in a higher C:N ratio than did herbicide. Compost amendment at the 3x rate decreased bulk density compared with both 1x compost and synthetic fertiliser. Though the SOM parameters increased with compost application, the increase was not a linear relationship with rate. This may interest growers whose cost of compost (fixed $ per ton) increases linearly with rate. 
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