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Abstract

In a field experiment on a farm registered for organic production, we studied the effect of the application of different organic materials (OM): farmyard manure (FYM), guano (G), soybean seed (S), forage pea seed (P) on lettuce yield. Besides yield, we also analyzed the economic profitability of the application of different OM. Fresh lettuce yield was significantly higher with OM treatments than with the treatments without fertilization. The highest yield was obtained with the FYM treatment (43.7 t ha-1), and the lowest with the application of P (42.0 t ha-1). The highest additional profit was obtained with the FYM treatment (1123 EUR ha-1) and the lowest with the application of P (475 EUR ha-1). 

Introduction

Organic production does not allow the application of mineral fertilizers obtained industrially so the lack of mineral forms of nitrogen (N) early in the spring is often a factor which limits the yield of early crops, even on naturally fertile soils. The application of organic fertilizers with higher contents of N (>1.5%), i.e. a narrower C/N ratio (<20), and their mineralization in the soil can release significant amounts of N in a mineralized, available form and so satisfy the needs of crops for N (Amlinger et al., 2003; Bavec et al., 2006). The aim of this paper is to study the effect of the application of different OM (organic N fertilizers) on lettuce yield as well as the economic justification of their application.

Materials and methods
In a field experiment set up on a farm certified for organic production, during the year 2007 we studied the effect of the application of different OM on one set of lettuce (Lactuca sativa sub.sp. sekalina) yield. Besides the yield, we also analyzed economic profitability of the application of OM. The experiment was set up applying random block system with four replications. The treatments were: rotten farmyard manure (FYM), guano (G), ground soybean (Glycine hispida) seed (S), ground forage pea (Pisum sativum) seed (P). OM fertilization doses were calculated with the following formula:

Nf = (Ntg-Ni-Npot) / k





(1)

When values for Ntg, Ni and Npot are entered into Equation 1, we get:

Nf = 40 kg N ha-1/ k






(2)

Nf – amount of N applied through different OM (kg N ha-1); Ntg – amount of N required for the projected lettuce yield (120 kg N ha-1); Ni – mineral N content in the soil at the time of sowing (32 kg N ha-1); Npot – amount of mineral N which will be released by the mineralization of organic matter in the soil during lettuce vegetation (48 kg N ha-1); k – coefficient of the availability of total N applied through different OM (potentially mineralizable N). Npot and k values were calculated with a previously performed incubation experiment (unpublished data) and are given in Tab. 1.

Tab. 1: Basic data on OM and applied amounts of N in experimental plot

	Treatments1
	N total

(% DM2)
	P total 

(% DM)
	K total

(% DM)
	C/N

ratio
	K3
	OM applied (kg ha-1)
	Nf 4

(kg ha-1)

	FYM
	2
	1.06
	2.14
	10.41
	0.268
	7421
	148

	G
	15.32
	0.14
	0.07
	2.89
	0.670
	391
	60

	S
	6.65
	1.08
	1.18
	7.50
	0.377
	1593
	106

	P
	4.08
	0.83
	0.68
	10.17
	0.334
	2912
	119


1 FYM, farmyard manure; G, guano; S, soybean seed; P, forage pea seed; 2 DM, dry matter; 3 k, coefficient of the availability of total N applied (potentially mineralizable N); 4 Total amount of N applied through different OM

Organic materials were applied immediately before sowing. The area of the experiment plot was 5.4 m2, between-row spacing was 0.3 m and within-row spacing 0.25 m. Lettuce was sown on 18 March and harvested on 12 May. After sowing lettuce was covered with agril foil which was removed after four weeks. Soil humidity during vegetation was maintained at the level of 60-70% of field capacity, with “Tifon” irrigation system. Basic characteristics of the chernozem on which the experiment was set up: pH 7.52; 0.17% CaCO3; 1.92% C; 11 mg 100g-1 Al-P2O5 and 26.8 mg 100g-1 Al-K2O.
Results

Economic profitability of the application of FYM and G was calculated using their market prices (Tab. 2). For the calculation of economic profitability of the application of S and P we used the data on production costs (The Association of Cooperative Farms of Serbia) for the projected yield of 2.2 t ha-1 (S) and 3.0 t ha-1 (P).

Tab. 2: Costs of the production of S and P and market prices of FYM and G in 2007

	Costs
	FYM
	G 
	S 
	P

	Total costs of production/purchase1
	16 
	250 
	265
	265

	Costs of OM preparation and incorporation (EUR ha-1)
	50
	50
	70
	70


FYM, farmyard manure; G, guano; S, soybean seed; P, forage pea seed; 1 For FYM and G EUR t-1; for S and P EUR ha-1
Fresh lettuce yield was significantly higher with OM treatments than with treatments without fertilization (Figure 1). With FYM lettuce yield was significantly higher both than the control and than other fertilization treatments. Among G, P and S treatments there were no significant differences, because the same amount of potentially mineralizable N was applied.
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FYM, farmyard manure; G, guano; S, soybean seed; P, forage pea seed; C, unfertilized plot; FM, fresh matter; Yield followed by different letters was significantly different at P<0.05

Figure 1: Fresh lettuce yield and profit made compared to the control

At the time of harvesting concentrations of NO3- in the fresh matter of lettuce was within the limits of maximum allowed concentrations (Commission Regulation (EC) No 466/2001). Tab. 3 shows additional profit calculated on the basis of market prices of lettuce (0.38 EUR per kg), reduced by harvest, packing and sale costs (0.1 EUR per kg of lettuce) and by the cost of the application of OM. The calculation does not include the costs of the production of lettuce because they were the same for all treatments. The profit therefore is the additional profit made through the application of OM.
Tab. 3: Economic indicators of the application of different OM

	Treatments1
	Differences in yield compared to control 

(kg ha-1)
	Price of 1 kg N from different OM 

(EUR kg-1)2
	N total applied (kg ha-1)
	OM application costs 

(EUR ha-1)3
	Additional net profit on fertilized plots 

(EUR ha-1)

	FYM
	4608
	0.8
	148
	168
	1123

	G
	2954
	1.62
	60
	147
	680

	S
	3204
	1.9 
	106
	271
	626

	P
	2899
	2.25
	119
	337
	475


1 FYM, farmyard manure; G, guano; S, soybean seed; P, forage pea seed; 2 Calculated on the basis of the production costs (S, P) and market prices (FYM, G); 3 Calculated on the basis of the price of N unit and costs of preparation and OM soil incorporation

FYM had the lowest price of N unit, which is 2-3 times lower than the other OM (Tab. 3). The costs of the application of S and P were approximately two times higher than the prices of FYM and G. As a result of the highest price and lowest yield, the lowest additional profit was made with P treatment. The highest profit was made with FYM treatment.

Discussion
Significantly higher lettuce yield with FYM treatment can be explained by the fact that the application of FYM has a positive effect on physical and chemical characteristics of the soil (Cuvardic et al., 2004; 2006), and with the fact that its application introduced significantly higher amounts of P and K into the soil than was the case with other treatments (Tab. 1). Nitrogen use efficiency in the field corresponded to C/N ratio (r2 = 0.95) and coefficient k determined by incubation experiment (r2 = 0.80). Nitrogen use efficiency was in the range from 12.16% (FYM) to 28.33% (G). With all applied treatments except FYM the application costs were proportional to the price of N unit. High costs of FYM application when compared to the price of N unit are a result of relatively low content of total N and a low availability coefficient (k). When we compare S, P and G treatments, among which no significant differences in yield were recorded, G proves to be the most economical OM, which had lowest application costs and highest additional profit.

Conclusions
The application of studied OM resulted in a significant increase in lettuce yield, ranging from 2.9 (G) to 4.6 t ha-1 (FYM), compared to the control and additional profit ranging from 475 (P) to 1123 EUR ha-1 (FYM). If mineralization potential and the content of mineral N in the soil during sowing are taken into account when fertilization norms are being determined, profit can be made even when expensive fertilizers such as S and P are used. The highest profit was made with FYM treatment and lowest with P treatment which had the highest price of N unit.
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