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N availability after long-term organic farming in irrigated and rain-fed Mediterranean semi-arid grassy crops
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Abstract 
The use of manures and rotation with legumes in organic farming systems does not always guarantee the adequate nutrient supply to crops. We studied post-harvest N availability in a series of Mediterranean semi-arid rain-fed and irrigated organic fields after 18 years of conversion and compared these with conventional fields nearby. In organic irrigated soils the use of legumes and the application of moderate amounts of manures resulted in higher amounts of soil organic C and potentially mineralisable N. In contrast, in organic rain-fed soils that did not incorporate legumes in their rotation and used low amounts of manures, soil organic C and potential mineralisable N were lower. In organic irrigated soils changes in organic matter quality resulted in a lower potential net N mineralisation per unit of SOC than in conventional irrigated soils. 

Introduction 

Organic farming systems have the potential to supply adequate amounts of nutrients to crops. However several studies suggest that in these systems soil fertility often limits crop productivity (Ostergard, 2002; Berry et al., 2002). Soil fertility management in organic farms is based on the enhancement of soil biological processes that are intimately associated to soil organic matter dynamics. In arable land the amount of fresh organic matter debris that is incorporated into the soil is associated with crop productivity, crop residue management and manuring programs.  
Mediterranean arable soils often show levels of soil organic carbon of less than the 1% threshold proposed by Loveland and Webb (2003). Moreover, as a result of low cattle density occurring in dry areas, the availability of manures is normally low. These two factors may hinder the productivity of organic farming practices in the extensive agriculture of the Mediterranean area.  
Organic farms rely heavily on soil biological activity to mineralise N and to enhance P availability (Parfitt et al., 2005). N availability in organic farms depends almost entirely on the ability of soil microorganisms to mineralise N that is mainly associated to soil organic matter turnover and quality. 
In this paper we aim to study the changes in soil N availability occurring after 18 years of organic farming and to determine the factors that regulate soil N availability, paying special attention to the relationships between available N and organic C.   
Materials and methods 

The study was carried out in a set of agricultural fields in the Ebro river depression (NE Iberian Peninsula; 41o 49’ N, -0o 2’ E). Some of the areas are irrigated by surface flooding while the rest of it is rain-fed. Mean annual temperature is 14.4oC and mean annual rainfall is 436.6 mm. Soil texture ranges between clay loam and sandy clay loam and pH ranges between 8.1 and 9.2.  

In the last 18 years, organic farming practices have been introduced in some rain-fed and irrigated fields scattered in the area of study. Organically managed soils received an application of 5 Mg ha-1 every two year of poultry manure for the rain-fed soils and 10 Mg ha-1 yr-1 for the irrigated soils. Conventional treatments did not use manures or legumes at all. 
We selected 4 independent agricultural fields subject to organic farming practices in a rain-fed area and another similar set of 4 fields with conventional management within the same area following one factor randomized design. Similarly, we selected another set of 8 fields (4 with organic and 4 with conventional farming practices) in an irrigated area nearby. In each field three soil samples were taken and divided into two layers 0-10, and 10-20 cm. Soils were analysed for total organic C and N, mineral N (NO3- and NH4+) and for potentially mineralisable N by waterlogged incubation. The effects of the farming practices in each soil horizon were tested separately in rain-fed and in irrigated areas using a two level nested ANOVA. Differences between regression lines were tested using ANCOVA with C or C/N ratio as covariates. 

Results and Discussion 
Forms of available N

Post harvest soil mineral N content was mainly in nitrate form. In all studied organically managed soils nitrate content in the 10-20 cm layer was lower than in conventional soils thus reducing the possibility of leaching losses of N from organic fields. On the other hand, the amount of post harvest ammonia was higher in irrigated organically managed soils, in both studied layers, than in conventional soils receiving mineral fertilizer, suggesting that in this case the organic farming practices were likely to increase the supply of ammonia post harvest by enhancing the ammonification processes. Indeed these irrigated organically managed soils showed increased amounts of organic C (Table 1). 
Potentially mineralisable N is a biological index that reflects the soil capacity to supply the N stored in labile organic forms. The effects of the farming practices on the potentially mineralisable N occurred mainly in the first 10 cm of soil. Irrigated organic fields that received large amounts of manures and rotated with legumes showed an increase in the mineralisation capacity of N. In contrast, rain-fed organically managed fields that received low amounts of manures and did not include legumes in their rotation showed the opposite trend as compared to soils receiving mineral fertilisers (Table 1). Moreover, this treatment showed a decrease in the mineral N forms that reached the 10-20 cm layer. It appears therefore that the management regime of the rain-fed organically managed soil did not improve the availability of N. Other authors have stated that low N contents in manures and its slow mineralisation rates can reduce N availability in organic farms (Berry et al., 2002) this does not seem to be the case in our irrigated farms but it may explain the low mineral and mineralisable N in rain-fed organically managed soils. A recent study on P availability carried out with the same soils also showed a large decrease in P availability in rain-fed organically managed soils (Romanyà and Rovira, 2007).  
Table 1: Organic C, total N, C to N ratio and post harvest mineral N forms in the studied treatments. (n.s. refers to non significant (p>0.050)).

	
	
	Irrigated
	
	     Rain-fed

	Soil depth (cm)
	
	Conv.
	Organic
	(p=)
	
	Conv.
	Organic
	(p=)

	0-10
	C  %
	0.89
	1.26
	0.000
	
	0.91
	0.79
	0.011

	
	N  mg g-1
	1.02
	1.30
	0.004
	
	1.05
	0.85
	0.05

	
	C/N
	8.45
	9.83
	0.008
	
	8.69
	9.56
	n.s.

	
	NO3  mg kg-1
	14.70
	16.67
	n.s.
	
	5.05
	5.17
	n.s.

	
	NH4  mg kg-1
	2.56
	4.40
	0.005
	
	2.09
	1.75
	n.s.

	
	NPM mgkg-1
	30.73
	43.04
	0.011
	
	29.45
	21.26
	0.038

	10-20
	C  %
	0.69
	0.86
	0.000
	
	0.85
	0.72
	n.s.

	
	N  mg g-1
	0.88
	0.95
	n.s.
	
	0.96
	0.78
	0.003

	
	C/N
	7.93
	9.38
	n.s.
	
	9.14
	9.18
	n.s.

	
	NO3 mg kg-1 
	9.57
	6.91
	n.s.
	
	6.23
	3.93
	0.007

	
	NH4  mg kg-1 
	1.61
	4.16
	0.028
	
	3.37
	1.65
	n.s.

	
	NPM mgkg-1 
	18.04
	18.66
	n.s.
	
	16.85
	10.40
	0.005


Soil organic matter and N availability
Soil organic C and total N contents after 18 years of organic farming were higher in both studied layers in irrigated organic soils. In rain-fed organic soils these measures were lower in the 0-10 cm layer (Table 1). Changes in potentially mineralisable N among treatments in the first studied layer showed a similar trend, suggesting that N mineralisation can be associated to the reserve of N and organic C. Indeed, the relationships between soil organic C and potentially mineralisable N were significant in all studied treatments (Figure 1) and the slope of the curves depended on the treatment. In rain-fed fields the organically managed soils potentially mineralisable showed higher sensitivity to soil organic C content than in conventionally managed soils, suggesting that the low N mineralisation observed in organically managed soils was intimately related to the soil organic matter content. Under these conditions increases in soil organic matter would likely result in increasing soil N supply. 

In irrigated fields organic management resulted in a decrease of net N mineralisation per unit of soil organic C, suggesting that in this case soil microbia can use part of the mineralised N and incorporate it into the soil organic fractions. In this treatment the organic matter quality index C to N ratio did not show any relationship with potentially mineralisable N. This fact contrasted with the close exponential relationship that we observed in conventionally managed irrigated fields. It is noteworthy that the range of C to N ratio in irrigated organically managed soils was much wider than in conventionally managed soils. It is likely that this was associated with the exogenous organic matter inputs applied to these soils during the last 18 years. In all studied rain-fed soils however, the range of C to N ratio was as narrow as in the irrigated conventional soils, and did not show in any case a relationship with soil mineralized N, suggesting that in these cases organic N was not the main limiting factor to N mineralisation. 

Conclusions 
N availability is sensitive to the organic farming practices carried out in the studied semi-arid area. Soils of rain-fed organic farms receiving low amounts of manures and not incorporating legumes in their rotation showed lower mineral N and potentially mineralisable N than conventional soils. In contrast, organic irrigated soils receiving moderate applications of manures and rotating with legumes showed higher N potential mineralisation than conventional soils and maintained the overall N availability. Furthermore, the organic management of the irrigated soils significantly changed SOM quality and quantity. 
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Figure 1: Relationships between organic C, C to N ratio and potentially mineralisable N in irrigated and rain-fed conventionally and organically managed soils. Solid regression lines refer to conventional while dashed lines refer to organic treatments. The significant factor (management model), covariables and interactions in the ANCOVA are indicated. 

References 

Berry P.M., Sylvester-Bradley R., Philipps L. Hatch D.J., Cuttle S.P., Rayns F.W., Gosling P. (2002): Is the productivity of organic farms restricted by the supply of available nitrogen? Soil Use and Management 18: 248-255.

Loveland P., Webb J. 2003. Is there a critical level of organic matter in the agricultural soils of temperate regions: a review. Soil & Tillage Research 70: 1-18.

Ostergard, H. 2002. Characteristics of spring barley varieties for organic farming. Proceedings of the 1st. International symposium on organic seed production and plant breeding, Berlin, p 72.

Romanyà J., Rovira P. (2007): Labile phosphorus forms in irrigated and rain-fed semiarid Mediterranean grassy crops with long-term organic and conventional farming practices. European Journal of Agronomy 27: 62-71. 
Parfitt R.L., Yeates G.W., Ross D.J., MacKay A.D., Buding P.J. 2005. Relationships between soil biota, nitrogen and phosphorus availability, and pasture growth under organic and conventional management. Applied Soil Ecology 28: 1-13.































































































































































































































































































































� Department of Natural Products, Plant Biology and Soil Science, Universitat de Barcelona,  Avgda. Joan XXIII s/n E-08028 Barcelona, E-Mail � HYPERLINK "mailto:jromanya@ub.edu" ��jromanya@ub.edu�, Internet � HYPERLINK "http://www.farmacia.ub.edu/recerca/LINIESRECERCAFF/Grup_R_J_Romanya.htm" ��http://www.farmacia.ub.edu/recerca/LINIESRECERCAFF/Grup_R_J_Romanya.htm�


2 Lab. de Synthèse et Réactivité des Substances Naturelles, UMR CNRS 6514, Fac. Sciences, Bât Chimie 40 Ave Recteur Pineau 86022 Poitiers, France






_1253360199.unknown

