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Abstract

The improvement of organic fertilization practices is essential to increase organic potato production in the highland region of NW Portugal, with environmental benefits and better returns. For that reason, the response of organic potato was evaluated throughout a randomized block design experiment, with two cultivars (Raja and Virgo) and increasing rates of composted organic pig manure (0, 15, 30 and 45 t ha-1). These cultivars were also grown with mineral N fertilizer (120 kg N ha-1) under conventional practices to compare the results between crop systems, 30, 45, 60, 80 and 125 days after planting.

Crop yield was not improved with increasing rates of compost application because the N mineralization rate of the compost was small and soil organic matter was high (8%). Organically grown cv. Virgo yielded 66.0% of the conventional crop, whereas Raja yielded 46.6%. The N uptake of the organic crop (tubers and foliage) was 37.0 kg ha-1 for Raja and 50.5 kg ha-1 for Virgo, respectively 21.1% and 27.8% of the N uptake by the same cultivars grown with mineral fertilizer. Although foliage N content was increased for the conventional crops, differences between N content of organic and conventional tubers were not significant, as well as for K, Ca and Mg.

Introduction

In Portugal, 233.5 thousand hectares were under organic farming in 2005, where herbaceous crops represented 85.4%, mainly with pasture (77.6%) and only 1.4 thousand hectares with vegetables or aromatic plants. The remaining area of 34.1 thousand hectares included olives (82.6%) followed by dry fruits (10.3%), fresh fruits (3.8%) and viticulture (3.3%) (IDRHa, 2007). The small area of organic production and the increasing consumption of horticultural organic products in Portugal is a scope for increasing home production. In addition, considering the potential environmental benefit of organic production, the highland regions as in NW Portugal may take this advantage, at the same time as higher agricultural returns could be taken from organic compared to conventional agriculture, leading to a more sustainable rural development.

Yield is frequently limited by nitrogen (N) availability in organic production and soil amendment with organic fertilizers is a current practice for soil nutrient replenishment. However, there is much uncertainty regarding the rate of N mineralization and the time required for organic fertilizers to release sufficient mineral N for crop growth. The objective of the present work was to evaluate organic potato growth, N uptake and tuber quality with soil application of composts and to compare organic with conventional production.
Materials and methods
A randomized block design experiment with 3 blocks was performed on a sandy loam soil (pH 4.9 and OM 80.05 g kg-1), at 680 m high, in NW Portugal, with potato (Solanum tuberosum L.) organically produced with the application of 0, 15, 30 and 45 t ha-1 of composted pig manure with straw from an organic farm (table 1). Two certified cultivars were used, Raja (B1) and Virgo (B2) (Eurobatata), of 35-45 mm grade. Sprout emergence was induced before planting. Planting took place on 4 May 2005, with a plant spacing of 0.75 m x 0.3 m, and tubers were placed at 10 cm depth. Each experimental plot with 22.5 m2 included 4 plant rows. The crop was sprinkle irrigated at 48 and 75 days after planting and hand weeding was carried out at 43 days after planting. The crop was sprayed against late blight (Phytophthora infestans) with copper hydroxide (Kocid DF) on 6, 17 and 24 of June and control of Colorado potato beetles (Leptinotarsa decemlineata) was performed with pyrethrum (Pelitre Hort) on 2 and 15 of June. In a nearby farm, with a similar soil type (pH 4.7 and OM 80.0 g kg-1), a conventional potato crop experiment with 3 blocks was carried out, with the same cultivars planted in the same day. This included mineral fertilizer application (120 kg N ha-1). Comparisons with the organic experiment were made by using the t test. All crops were monitored 30, 45, 60, 80 and 125 days after planting, based on 4 plants of each replicate treatment, to quantify the number of stems, fresh and dry (70ºC, 2-4 days) weights of tubers and foliage and N, P, Ca and Mg tuber content at commercial harvest. Mean daily air temperature was 17.4ºC (ranging from 8.1 to 26.2ºC), daily mean soil temperature (10 cm) was 16.7ºC (ranging from 9.5 to 19.7ºC) and rainfall was 257.0 mm during the growing period. 

Compost pH was measured with a pH meter in samples extracted with water at 22ºC±3ºC in an extraction ratio of 1:5 (v/v) and the specific EC was measured in the same extract with a conductivity meter. For the organic matter (OM) determination, compost samples were dried at 103ºC, then ashed at 450ºC in a muffle furnace. The N content of the sample was determined using a modified Kjeldahl method based on a sulphuric acid/potassium sulphate digestion and copper selenium catalyst, with a Kjeldahltherm digestion unit and a compact distillation unit. Mineral N of fresh compost samples was extracted with KCl 2M 1:5. Mineral N content of the extracts (NH4+-N and NO3--N) were determined by molecular absorption spectroscopy in a segmented flow analyser system equipped with dialysers to prevent interferences from colour or suspended solid particles in the extracts. For the C/N ratio calculation, C content in compost was estimated by dividing the OM content by a factor of 1.8. 
Table 1: Characteristics of the pig manure composted with straw.
	DM

(%)
	pH
	EC

(dS m-1)
	OM

(g kg-1)
	C/N
	N-NO3–

(mg kg-1)
	N-NH4+

(mg kg-1)
	N

(g kg-1)
	P

(g kg-1)

	25.3
	7.1
	0.41
	495.3
	14.1
	1.4
	201.8
	19.5
	9.9


Results
Throughout the growing period and at harvest (125 days after planting), crop yield was similar for all organic crop treatments and to the crop without organic fertilizer application. Yield of cv. Virgo (27.5 t ha-1) was higher than cv. Raja (20.1 t ha-1). Cultivar Virgo yielded 66.0% and cv. Raja 46.6% in comparison to conventional crops (fig. 1). However, commercial tuber yield (tuber >45 mm) was 29.4% and 46.8% for Virgo and Raja cv. respectively, compared to conventional crops. The total number of tubers was similar for all organic and conventional crop treatments, but the number of commercial tubers was higher in the conventional crops (fig. 1).

Nutrient content for organic crops was 8.9 g N kg-1, 2.0 g P kg-1, 4.2 g Ca kg-1 and 0.70 g Mg kg-1. Differences between N, K, Ca and Mg content of organic and conventional potatoes were not significant. N uptake was 37.0 kg ha-1 for Raja and 50.5 kg ha-1 for Virgo cv, respectively, 21.1% and 27.8% of the N uptake by the same cultivars grown with mineral fertilizer (fig. 2). The N recovery rate for the mineral N application in conventional crops was 54.6% and 36.0%, respectively, for Raja and Virgo cultivars. Dry matter content of tubers was different for both cultivars, respectively, 23.2% and 18.9% for Raja and Virgo cultivars. Conventional potatoes of cv. Raja had significantly lower dry matter (22.1%) compared to organic potatoes (24.3%). 

Discussion
Crop yield was not improved with increasing rates of compost application because the N mineralization rate of the compost was small and soil organic matter was high (8%). Compost utilization in soils with very high OM content may be beneficial to maintain soil fertility. However, the compost used in this experiment had a higher ammonium content compared to the nitrate content, indicating that compost was not completely mature and could immobilize soil mineral N, decreasing N availability to the crop. Therefore, compost should be more mature and must be evaluated in soils with a lower OM content. 

The organic potato yield in this experiment compared to conventional yield was similar to that reported by Mäder et al. (2002) of 40% and Tamm et al. (2004) of 50 to 80% of conventional yields. Rembialkowska (2005) reported higher P and Mg tuber content in organic compared to conventional potatoes. Here, in agreement with Quenum et al. (2004), differences between these two systems were not significant.
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Figure 1: Potato yield (t ha-1) and number of tubers (planta-1) per each grade at commercial harvest, for cv. Raja (P1) and cv. Virgo (P2), organically grown (OP) (mean of the 3 compost rates) and for conventional crops with mineral fertilization (CP). Different letters means significant differences between crop treatments.
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Figure 2: Nutrient extraction (kg nutrient ha-1) by the foliage (80 days after planting) and by tubers at final harvest (125 dap), of nitrogen (N), phosphorus (P), calcium (Ca) and magnesium (Mg), for cv. Raja (P1) and cv. Virgo (P2) and for the 0, 15, 30 e 45 t ha-1 compost rates application.
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