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Effect of Compost versus Animal Manure Fertilization on Crop Development, Yield and Nitrogen Residue in the Organic Cultivation of Potatoes
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Abstract

Organic farmers in Flanders use manure from extensive conventional livestock systems due to a lack of animal manure from organic producers. The research question was if on-farm prepared compost mainly consisting of vegetal residues can be a good alternative. A long-term fertilization trial with a 4-year crop rotation of maize - potatoes - spring barley - red clover is carried out on two fields with a time difference of one year. The fertilization treatments are on-farm prepared compost, applied as a single dose and a double dose, farmyard manure, slurry and slurry combined with composted municipal waste. This paper concerns the experimental results of the potato crop in 2006 and 2007. The nitrate content of the plant juice was monitored and the potato yield and nitrate content in the soil profile at the end of the growing season were determined. In 2006 the potato yields were significantly higher for both farm compost treatments while the nitrate residues in soil were significantly lower. The early, high and constant leaf blight disease pressure in 2007 resulted in lower yields and less marked treatment effects. This investigation demonstrated that application of mature compost can result in a faster development of the potato crop in the first weeks of the growing season, which is important for sufficient yields in organic potato growing. 

Introduction

Organic farmers in Flanders use manure from extensive conventional livestock systems due to a lack of animal manure from organic producers. We questioned whether on-farm prepared compost mainly consisting of vegetal residues can be a good alternative. 
It was hypothesised that the type and application method of the organic fertilizer input affect the yield and quality of the potato crop. In a field experiment carried out in 2001 in North Yorkshire with an identical level of N-input, cattle manure-based compost increased potato yield significantly compared with chicken manure fertilizer pellets (Leifert, 2005). 
Differences in the organic fertilization regimes can lead to large differences in the environmental effects of organic farming (Thorup-Kristensen, 2007). Potato crops are very sensitive to losses of soil mineral nitrogen by post-harvest leaching. It was questioned whether the type of organic fertilizer input would affect the nitrate 
N-residue in the 0-90 cm soil profile.
Materials and methods

On two fields a long-term fertilization trial is executed. The crop of the conversion period was a fallow of grass-clover. The adopted crop rotation is a 4-year cycle of maize - potatoes - spring barley - red clover. The experiment has been repeated on two fields in two consecutive years (starting in 2005 and 2006 resp.).

Two treatments concern on-farm prepared compost: a single dose (FC) and a double dose (2xFC). Other treatments were farmyard manure (FYM), slurry (S) and slurry combined with compost of municipal waste (S+MWC). The organic matter input by fertilization is equalized for the treatments FC, FYM and S+MWC, 6,5 t organic matter per ha in 2006 and 6 t per ha in 2007. Considering organic matter input 30 t FYM was equivalent to 50 t and 65 t FC in 2006 and 2007 respectively. The total nitrogen input with FC was 160 kg per ha in 2006 and 185 kg per ha in 2007 and the dose of 30 t FYM resulted in a total nitrogen input of 150 kg per ha in 2006 and 125 kg per ha in 2007. The nitrogen input with 20 t slurry was about 100 kg per ha. Municipal waste compost resulted in an additional nitrogen input of 140 and 175 kg per ha in 2006 and 2007 respectively. Compost application is combined with reduced tillage techniques, so that compost is incorporated to a shallow depth. Both types of manure, farmyard manure and slurry, were incorporated by ploughing to a depth of 30 cm. Each treatment counts 4 replicates, consisting of 15 m by 25 m plots.
The nitrate content (ppm) of the plant juice of the FC and FYM treatments was monitored (n=1) in 2006. Samples of petioles were taken weekly from the beginning of June until mid-August 2006. Nitrate concentration was determined in the plant juice, using a Horiba ion-selective measurement device. The potato yield was determined (n=4) by harvesting two adjacent rows of 6 m (plots of 9 m2). The nitrate N-content of three soil layers (0-30, 30-60 en 60-90 cm) was determined (n=4) after extraction with a 1N KCl solution at the end of the growing season. Potato yield and nitrate N-residue (0-90 cm) of the different fertilization treatments were compared with each other using a variance analysis (One-Way Anova, Scheffé multiple comparison of means).
Results

Large differences in initial development of the potato crop were observed between the treatments with farm compost and those with animal manure. By the middle of June 2006 the crops from the farm compost treatments were better developed. The leaf color was lighter for the potatoes of the compost treatments than for the potatoes fertilized with animal manure and the mean plant juice nitrate concentrations, over the measurement period, were three times lower for the FC (807 ppm) compared to the FYM treatment (2473 ppm).
The potato crop in 2007 was planted earlier and similar differences in initial development were observed between the treatments with farm compost and those with animal manure.
In 2006 significant yield differences were observed between treatments (Figure 1). Multiple comparison of the yield in function of the fertilization (via Scheffé) showed that in 2006 the yield for the compost treatments was significantly (p<0.05) higher than the yield for the three other treatments. For 2007 multiple comparison of the yield (via Scheffé) revealed no significant differences in yield (Figure 1).
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Figure 1: Potato yields 2006 & 2007 (t/ha >35mm)

Error flag indicates +/- standard deviation; 
Means that are not significantly different are denoted with the same letter; 

Fertilization treatments FC: single dose farm prepared compost, 2xFC double dose farm prepared compost, FYM: farmyard manure, S: slurry, S+MWC: slurry plus municipal waste compost
In autumn, October 3, 2006 the N-residue (kg NO3--N per ha, 0-90 cm soil depth) was determined for the different treatments (table 1, n=4). For all treatments the residue was lower than the standard of 90 kg N/ha. Significant differences (p<0.01) between the treatments were found in 2006 using ANOVA. Fertilization with compost (for both compost treatments) resulted in significantly lower amounts of nitrate than in the three other treatments where animal manure was applied. In October 31, 2007 no significant differences in N-residue were found between treatments (table 1, n=4).

Tab. 1: N-residue in 2006 & 2007 after the potato crop
	
	kg NO3--N per ha, 0-90cm

	
	2006
	2007

	FC
	47 a
	79 A

	2xFC
	49 a
	79 A

	FYM
	77 b
	101 A

	S
	67 b
	90 A

	S+MWC
	75 b
	87 A


Means that are not significantly different are denoted with the same letter;
Fertilization treatments FC: single dose farm prepared compost, 2xFC double dose farm prepared compost, FYM: farmyard manure, S: slurry, S+MWC: slurry plus municipal waste compost
Discussion

The higher potato yield for the compost treatments in 2006 was a consequence of the earlier start and ripening of the potato crop. When Phytophtora infestans became detrimental for the potatoes, the plants on the compost treatments were already ripening while the potato plants on the manure treatments were greener and their growth was interrupted by the disease. The reason for lower yields and less marked treatment effects in 2007 was probably the early, high and constant leaf blight disease pressure in that year. In 2006 leaf blight appeared late. 

Accelerating development by agronomic practices is an important strategy for organic growers in order to obtain sufficient yields and an acceptable tuber size grading. For the earliness of the crop a fast crop development, early tuber formation and fast tuber growth are important (Tiemens-Hulscher, 2007). The leaf development after emergence is strongly influenced by the nitrogen availability in the first weeks after emergence (Vos, 1995). Mature compost is already transformed organic matter and is a product with a limited but guaranteed nitrogen supply. This can explain the early start of the potato crop on the compost treatments. In the case of the animal manure treatments the squat growth and the high nitrate concentration in the leaves, together with the dark colour indicates that plants could not respond to the nutrient availability by growth because of a soil-related stress factor. Root development was possibly hindered by the decomposition of fresh organic matter from the organic fertilization. 

The lower N-residues in 2006 for both farm compost treatments compared to those for treatments with cattle manure in combination with the higher potato yields for compost treatments indicate that compost application in potato cultivation has potential for obtaining a successful crop and lowering potential nitrate losses following harvest. In 2007 the lower yields resulted in a lower N-uptake and somewhat higher
N-residue. Less marked treatment effects on yield coincide with less marked treatment effects on N-residue.
Conclusion 

Application of compost can result in a faster initial development of the potato crop. This is important in organic farming when leaf blight rapidly becomes fatal for the crop because of limited crop protection measures.

In 2006 the organic fertilizer type had a significant influence on the yield response. This confirms the hypothesis that the form of the organic fertilizer input may affect yield even though blight infection may not be affected. The fact that significantly lower nitrate residues were found in 2006 in the compost treatments indicates that the type of the organic fertilizer input influences potential nitrogen losses.
Plant juice nitrate concentration measurement may be used to indicate the speed of the initial development of the potato crop.
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