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ABSTRACT
The Mediterranean conditions prevailing in Portugal are imposing several constrains to sustainable arable farming production. In this presentation it is discussed the role of conservation agriculture, namely no-till and crop residues management, as means to overcome some of the main problems using field experiments carried out in the Southern regions of Portugal. 
Long term field experiments are showing that conservation agriculture can control soil erosion and improve several soil properties like organic carbon, aggregates stability, continuous biological porosity and saturated hydraulic conductivity. As a consequence crop yields can be significantly increased and, at the same time, the amount of fertilizers can be reduced. Another important benefit is the better soil bearing capacity, that together with the drainage, improves soil trafficability under no-till. This allows a timely application of herbicides and fertilizers which offers the opportunity for further improvements of the efficient use of expensive production factors. The combine effect of all this benefits greatly enhances the sustainability of the arable cropping systems under Mediterranean conditions. 

Keywords: no-till; residues management; soil proprieties, sustainable production.

1. INTRODUCTION
Under Mediterranean conditions the concentration of rainfall that prevails over winter results in waterlogging, erosion and the impairment of timeliness of field operations, while the scarcity of precipitation during the spring leads to water stress in crops. The general characteristics of Portuguese soils serve to aggravate the problems for crop production. Soil fertility is inherently poor (about 70% of the soils have an organic matter content that is less than 1% and only 4% have a cation exchange capacity that exceeds 20 meq/100 g of soil) and water infiltration and internal drainage are negatively affected by the instability of soil structure and the marked changes in clay content that occurs between soil horizons. Both climatic and soil constraints limit yield potential and the efficient use of the resources, such as fertilizer particularly nitrogen, whilst imposing agronomic limitations by preventing the correct timing of operations, which cannot be overcome by increasing labour input because of the need of farms to stay economically competitive. Any meaningful amelioration of the situation can only be achieved by a significant improvement in soil fertility and in soil-water relationships, which can only be acquired through increases in soil organic matter (Carvalho, 2006, Douglas et al., 1986).
The effect of no-till (NT) on soil organic carbon (SOC) seems to depend on the prevailing conditions of climate, soil and crop, with results in the literature varying from the absence of effect when the whole soil profile is considered (Dolan et al., 2006) to an increase over the depth of tillage (Martin-Rueda et al., 2007), and even to enhanced levels below the depth of tillage (Ordõnez-Fernandez et al., 2007). The positive impacts of NT on SOC have often been attributed to a reduction in the rate of organic matter mineralization in the absence of soil disturbance (Recolsky, 1997). There are also authors who state that the beneficial effects of no-till depend on the amount of the crop residues produced over the course of the crop rotation (Salinas-Garcia et al 2001; Halvorson et al 2002; Lopez-Bellido et al., 2010). However, it is generally recognized that beneficial effects of NT are derived from maintaining crop residues on the soil surface and the associated control of soil erosion (Towery, 1998). The relative importance of this aspect depends on the soil and on climatic conditions, but conventional tillage can result in soil loss through erosion that is more than 75 times greater than that from no till systems (Engel et al., 2009). Under such circumstances and over the long term, nutrient losses from the soil can be very large, being aggravated by the enrichment of  organic matter, phosphorus and potassium on constituents of the soil sediments such as clay,  (Sharpley 198,5). Consequently, whenever prevention of soil erosion is an important benefit derived from the adoption of no-till a significant increase in SOC would be expected.  
 No-till can also affect soil water relationships. Under no-till, especially when an adequate amount of residues is left in the soil surface, there can be a reduction in water lost by runoff (Lal & Van Doren Jr., 1990) and a concomitant increase in infiltration. The residues on the soil surface will also reduce evaporation of water from the soil surface, and both increased infiltration and greater conservation will tend to increase soil water content, especially under Mediterranean conditions (Morell et al., 2011).  Therefore, waterlogging can be accentuated during the initial year of no-till, under soils with a small saturated hydraulic conductivity or a perched water table. However, structural stability and the number of vertical continuous biopores also increase under no-till, which contribute to an increase in the saturated hydraulic conductivity over time (Ehlers & Claupein, 1994). Under these circumstances trafficability would be expected to improve (Gruber & Tebrugge, 1990) and allow more timely field operations, a very important agronomic benefit under Mediterranean conditions.  
The aim of this paper is to discuss the role of no-till and crop residues as means of overcoming some of the main constrains to arable crop production in Portugal.  

2. MATERIAL AND METHODS
Runoff and erosion studies (Fig. 1) were evaluated over two seasons, using runoff frames. The conventional tillage system (CT) consisted of a pass with a plough in the summer and then disk harrowing before seeding the wheat crop. No till (NT) was performed with a triple disc no till seeder, with weed control being achieved with a pre-seeding application of Paraquat. The slope of the land was uniform within each replicate of the treatments and varied between 6 to 8% between blocks. A detailed description of the experiment can be found in Basch et al. (1990).

Fig. 1: Effect of the tillage system on runoff and soil losses by erosion during a wheat crop in the south of Portugal. Values are verage of two years. NT – No Till; CT – Conventional Tillage (based on Basch et al., 1990).

Data collection on the Vertic Cambic soil (50% clay) took place 6 years after the tillage systems were put in place (1984/85 – 1989/90). The crop rotation was sunflower – wheat – barley. The tillage systems studied were no till (NT) for all crops of the rotation, and the conventional tillage system of the region, which is: summer plough (30 cm) + disk harrow (at least 2 passes) for the sunflower; tine sacrifier + disk harrow for wheat and barley. The experiment is described in Carvalho & Basch (1995).
Measurements on the Luvisol (31.1% and 46.8% clay in A and B horizons) were taken as part of a long term experiment comparing tillage system (1995/96 to 2007/08). The crop rotation was lupines – wheat – oat for forage – barley. The conventional tillage system consisted in one plough (25 cm) and disk harrows before seeding, and the straw of cereals was bailed. For the NT treatments weeds were controlled before seeding with glyphosate and crops were direct drilled. In one treatment the straw of cereals was kept on the soil surface (NTS), while for another treatment the straw of the cereals was bailed (NT).
 
3. RESULTS AND DISCUSSION
Under Mediterranean conditions the concentration of rainfall during late fall and winter, when soil cover by the crop is minimal, creates the opportunity for soil erosion under conventional tillage systems but no till can be very effective in reducing runoff and the consequent soil loss by erosion (Fig. 1). A reduction in erosion under no till was due to both a reduction in runoff and in the amount of soil sediment transported per unit of water volume (2.7 and 7.0 g of soil per litre of runoff water in NT and CT respectively), although the data was collected in the first year of imposing the treatments. 
The results available in the south of Portugal indicate an increase of soil organic matter (SOM) under NT (Figs. 2 and 3), but the effect seems to be dependent on the soil and the amount of crop residues left on the soil surface. On the Vertic clay soil (Fig. 2), NT increased SOM over the depth of tillage, after 6 years under the same crop residue management. However, on the Luvisol, the effect of NT under the same residue management programme was much smaller and took longer in comparison to CT (Fig. 3). On this soil, NT could only improve SOM significantly when the straw of the grain crops was left on the field. The difference between the two soils could be explained by a greater effect of CT on the mineralization rate and the larger soil loss by erosion on the Vertic clay soil compared to effects on those values in the Luvisol.

Fig. 2: Effect after six years of different tillage system on soil organic matter over the depth of tillage, on a Vertic Cambic Soil in the south of Portugal. NT-No till; CT-Conventional Tillage (based on Carvalho & Basch, 1995).



Fig. 3: Effect of tillage system and crop residues management on the soil organic matter content (0-30 cm) on a Luvisol in the south of Portugal. CT – Conventional Tillage and
straw bailed; NT – No Till and straw bailed; NT+S – No Till and straw kept on the field (unpublished data).

With time NT improved structure stability (Figs. 4 and 5) and further improvements in water infiltration (Lal & Van Doren Jr., 1990) and soil conservation would be expected. The improvement of structural stability under NT is more evident on the aggregates bigger than 0.5 mm. The effect of NT on improving structural stability appears to be more rapid than the effect on SOM (Figs. 3 and 5), suggesting that it is probably due to the enmeshment of soil aggregates by the fine roots of plants and the mycelium of associated fungi. 

Fig. 4: Effect after six years of tillage system on aggregates stability (0-10 cm) on a Vertic Cambic Soil, S Portugal. NT – No till; CT – Conventional tillage.
Δ MWD means change in average weight diameter of aggregates after wet sieving compared to dry sieving, and therefore higher values are found in CT.
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Fig. 5: Effect after three years of tillage systems on aggregate stability (0-10 cm) on a Luvisol in S Portugal. CT – Conventional tillage; SD – No Til.
The aggregate stability was evaluated by the final weight (as a percentage of initial weight) of the different classes of aggregates, after wet sieving, and therefore higher values correspond to a higher wet aggregate stability (unpublished data).

The development of a continuous network of biological porosity by NT due to the growth of roots and the burrowing of soil meso and macro fauna, such as earthworms, is well known (Goss et al., 1984), but under Mediterranean conditions the process of structure development can be quite rapid because of the rapid drying of the soil during the spring and summer. This drying can help to create vertical cracks that can be used by plant roots (weeds and crops) at the beginning of the next rain season (Fig. 6). This type of porosity together with enhanced aggregate stability are very effective in improving hydraulic conductivity, which is very important under the wet winter of Mediterranean climate (Fig. 7). 
[image: ]
Fig. 6: Effect after six years of tillage system on biological porosity on a Vertic Cambic Soil in S Portugal. NT – No till; CT – Conventional tillag (based on Carvalho & Basch, 1995).



Fig. 7: Effect after six years of tillage system on saturated hydraulic conductivity on a Vertic Cambic Soil in the south of Portugal. NT – No till; CT – Conventional tillage (based on Carvalho & Basch, 1995).

The development of soil properties under NT as described above has important implications for arable crop production under Mediterranean conditions. The improved infiltration of water reduces the loss from runoff during the winter, which is particularly important during dry years, while the enhanced saturated hydraulic conductivity helps to alleviate waterlogging problems during wet winters. The better drainage associated with a higher soil cohesion under NT improves the  trafficability of the soil, allowing a correct time for field operations, critical in the face of the variability of Mediterranean climate. The increase of SOM helps improve soil fertility. Consequently, an improvement in crops productivity should be expected together with an increase in the efficient use of soil resource, such as nitrogen.
 Grain yield of wheat under NT, relative to CT, with and without the bailing of the straw, increased over time, and the average yield for the last four years of the experiment was 200 and 750 kg ha-1 greater under the two NT treatments (Fig. 8). These differences were consistent with the increments of SOM in soil under the two NT treatments (Fig. 3). The improvement of SOM was also related with an increase of the applied nitrogen use efficiency (NUE) (Fig. 9). According to the equation presented in Fig. 9, for 1% of SOM the most economical N fertilization (according current prices 4 kg of wheat per one kg of applied N) will be 160 kg N/ha and the yield obtained 3063 kg ha-1 (19.1 kg of grain per kg of applied N), which is a typical value for the region. However, for 2% of SOM the same variables will be 98 kg N/ha and 3587 kg ha-1 (36.6 kg of grain per kg of N). The explanation for this sharp effect of SOM on NUE can be the leaching losses of nitrogen during the winter. Under Mediterranean conditions critical crop development stages, such as tillering and spikelets differentiation take place during the winter, and any nitrogen deficiency will affect crop performance. Therefore nitrogen has to be available during the winter, and if the soil is poor in organic nitrogen, more mineral nitrogen must be applied as fertiliser.

Fig. 8: Effect of tillage system and crop residues management on the wheat grain yield (average of four years from 2005/06 to 2008/09) when the treatments were already in place from 1995/96, on a Luvisol in S Portugal. CT – Conventional Tillage and straw bailed; NT – No Till and straw bailed; NT+S – No Till and straw kept on the field (unpublished data).


Soil with 2% OM

Soil with 1% OM


Fig. 9: Effect of soil organic matter content (OM, 0-30 cm soil depth) on the response of wheat to nitrogen applied (N, kg/ha) on a Luvisol in S Portugal.
Grey line for 1% OM and blak line for 2% OM, the different OM being developed under different treatments: Conventional Tillage and straw bailed; No Till and straw kept
on the field, respectively (based on Carvalho, 2006)

The decrease of wheat yields during wet winters, which commonly occurs under conventional tillage systems, is due not only  to waterlogging but also to the enforced delay in applying nitrogen top dressing and post-emergence herbicide. The pressure from weeds and the need for nitrogen increase with the amount of winter rainfall but often application has to be delayed until the beginning of March when the winter is wet, which is too late to benefit the crop. For nitrogen, the importance of an application in January (first top dressing at tillering for wheat) depends on the amount of rainfall from seeding to full tillering of the crop. If this period is dry, a later application of nitrogen (beginning of stem elongation – end of February/early March) is enough to achieved maximum yields. However, if the period is wet, an application of nitrogen in January is indispensable and cannot be fully offset by a later fertiliser application, even of 120 kg N/ha (Fig. 10). The negative consequences of a delay of post-emergence herbicide, either in terms of the  dose of herbicide eventually required and the yield benefit to the crop, are also clear under Mediterranean conditions (Fig. 11). The better trafficability of the soil under NT is therefore key to maintaining cereal yields in wet years, by allowing applications of nitrogen and herbicides at the correct time. Experience in southern Portugal shows that, by adopting NT and using the correct equipment (light tractors and low pressure tyres) it is possible to apply fertilizer or herbicides without greatly damaging soil structure, irrespective of the amount of rainfall. Even if these benefits are nullified experimentally by hand application of nitrogen and herbicides to CT plots, the long-term commitment to NT and the maintenance of straw in the field have improved the economic benefits relative to CT (Fig.12). The improvement in the net margin of wheat production under NT is due to a reduction in costs associated with tillage (energy and labour) and nitrogen application, and the increase in SOM (Fig. 9) and its associated improvement in yields (Fig. 8).











Fig. 10: Crop yield increase (kg/ha) due to an extra nitrogen application at tillering stage (60 kg N/ha, on 20th January as first top dressing) when 120 kg N/h were applied  at the beginning of the shooting ( 28th of February as second top dressing), as affected by the amount of rainfall from 1rst November to 20th January (Carvalho et al., 2005).


Fig. 11: Interactions between the spraying time, the herbicide level and the wheat yield on a Luvisol in S Portugal.
The herbicide tested was Dopler Plus ® (250g/l of diclofope-metil + 20g/l of fenoxaprope-p-etil + 40 g/l of mefenepir-dietil) (based on Barros et al., 2008).



Fig. 12: Effect of tillage system and crop residues management on the wheat net margin on a Luvisol in S Portugal. CT-Conventional Tillage and straw bailed; NT-No Till and straw bailed; NT+S- No Till and straw kept on the field (based on Marques, 2009).


4. CONCLUSIONS
Over the long term, NT is improving the sustainability of arable crop production under the conditions prevailing in the South of Portugal. A reduction of soil erosion and its associated improvement in the SOM content, particularly if the straw of grain crops is kept on the soil surface, has improved soil fertility, crop yields, nutrient use efficiency and annual net margin of the wheat crop. NT has also improved water infiltration, drainage and the trafficability of the soil. These are important benefits to stabilize yields over time under Mediterranean conditions. A reduction of runoff is important to increase soil water storage in dry years, while an improvement in the timeliness of field operations associated with better internal drainage is crucial for improving crop yields during wet winters. 
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NT	25 cm	50 cm	0.4	0.2	CT	25 cm	50 cm	0.26	7.0000000000000007E-2	Soil Depth
Hydraulic Conductivity (cm/h)
CT	NT	NT+S	3050	3250	3800	
Wheat grain yield (kg/ha)


1% mo	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	631	657.23	683.31999999999948	709.27000000000055	735.08	760.75	786.28000000000054	811.67000000000053	836.92	862.03	887	911.82999999999947	936.52	961.07	985.48	1009.75	1033.8799999999999	1057.8699999999999	1081.72	1105.43	1129	1152.43	1175.72	1198.8699999999999	1221.8799999999999	1244.75	1267.48	1290.07	1312.52	1334.83	1357	1379.03	1400.92	1422.6699999999998	1444.28	1465.75	1487.08	1508.27	1529.32	1550.23	1571	1591.6299999999999	1612.12	1632.47	1652.6799999999998	1672.75	1692.6799999999998	1712.47	1732.12	1751.6299999999999	1771	1790.23	1809.32	1828.27	1847.08	1865.75	1884.28	1902.6699999999998	1920.92	1939.03	1957	1974.83	1992.52	2010.07	2027.48	2044.75	2061.88	2078.8700000000022	2095.7199999999998	2112.4300000000012	2129	2145.4300000000012	2161.7199999999998	2177.8700000000022	2193.88	2209.75	2225.48	2241.0700000000002	2256.52	2271.8300000000022	2287	2302.0300000000002	2316.92	2331.67	2346.2799999999997	2360.75	2375.08	2389.27	2403.3200000000002	2417.23	2431	2444.63	2458.12	2471.4700000000012	2484.6799999999998	2497.75	2510.6799999999998	2523.4700000000012	2536.12	2548.63	2561	2573.23	2585.3200000000002	2597.27	2609.08	2620.75	2632.2799999999997	2643.67	2654.92	2666.03	2677	2687.8300000000022	2698.52	2709.07	2719.48	2729.75	2739.88	2749.8700000000022	2759.72	2769.4300000000012	2779	2788.4300000000012	2797.72	2806.8700000000022	2815.88	2824.75	2833.48	2842.07	2850.52	2858.8300000000022	2867	2% mo	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	2515	2532.73	2550.3200000000002	2567.77	2585.08	2602.25	2619.2799999999997	2636.17	2652.92	2669.53	2686	2702.3300000000022	2718.52	2734.57	2750.48	2766.25	2781.88	2797.3700000000022	2812.72	2827.9300000000012	2843	2857.9300000000012	2872.72	2887.3700000000022	2901.88	2916.25	2930.48	2944.57	2958.52	2972.3300000000022	2986	2999.53	3012.92	3026.17	3039.2799999999997	3052.25	3065.08	3077.77	3090.32	3102.73	3115	3127.13	3139.12	3150.9700000000012	3162.68	3174.25	3185.68	3196.9700000000012	3208.12	3219.13	3230	3240.73	3251.32	3261.77	3272.08	3282.25	3292.2799999999997	3302.17	3311.92	3321.53	3331	3340.3300000000022	3349.52	3358.57	3367.48	3376.25	3384.88	3393.3700000000022	3401.72	3409.9300000000012	3418	3425.9300000000012	3433.72	3441.3700000000022	3448.88	3456.25	3463.48	3470.57	3477.52	3484.3300000000022	3491	3497.53	3503.92	3510.17	3516.2799999999997	3522.25	3528.08	3533.77	3539.32	3544.73	3550	3555.13	3560.12	3564.9700000000012	3569.68	3574.25	3578.68	3582.9700000000012	3587.12	3591.13	3595	3598.73	3602.32	3605.77	3609.08	3612.25	3615.2799999999997	3618.17	3620.92	3623.53	3626	3628.3300000000022	3630.52	3632.57	3634.48	3636.25	3637.88	3639.3700000000022	3640.72	3641.9300000000012	3643	3643.9300000000012	3644.72	3645.3700000000022	3645.88	3646.25	3646.48	3646.57	3646.52	3646.3300000000022	3646.3300000000022	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	0	N Fertilization (kg N/ha)

Wheat grain yield (kg/ha)


y = 2.2811x - 368.91
r2= 0.96
581	447	152	937	679	-31	Rainfall from 1rst November to 20th January

Crop response to the first nitrogen top dressing


Dec	1	1.5	2	2550	2600	2712	Jan	1	1.5	2	1550	2100	2269	Liters of comercial product/ha
Wheat grain yield (kg/ha) 
CT 	NT	NT Straw Kept	5	100	250	
Annual Net Margin (€.ha-1)
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