16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/12547

Effects of weed management strategies on 

quality and enteric pathogen contamination of organic lettuce 

Fischer-Arndt, M. T.
, Neuhoff, D.1 & Köpke, U.1
Key words: food quality, weed control, vegetable production, microbiology, farm yard manure

Abstract 

Quality requirements for raw edible produce like lettuces include nutritional value and hygienic quality. Organic lettuce is often considered to cause a potential health risk for immunocompromised individuals due to assumed pathogen transfer from organically manured soils into lettuce heads (Lactuca sativa, var. capitata). The effect of different weed management strategies (rotary tiller, mouldboard plough combined with flame weeding, plastic mulch and straw layer, resp.) on pathogen transfer from fresh and composted farm yard manure were assessed in four field experiments in 2006 and 2007. Results gave no hint on any pathogen transfer given by the assumed pathways (contaminated soil particles transported by mechanical tools and/or splash effect of rain drops). Nitrate contents in lettuce were low ranging from 269 mg/kg to 828 mg/kg in fresh matter respectively. A new method for measuring leaf tissue firmness is being developed by using an artificial denture. Substantial negative effects of manure on lettuce quality were not recorded.

Introduction 

Hygienic harmlessness is an important quality trait especially for raw consumed vegetables that grow close to the soil surface. Due to the potential contamination with human pathogenic microorganisms, use of farmyard manure (FYM), a common practice not exclusive for Organic Farming only, may therefore be considered as a health risk. Pathogens capable of causing human health risks include Salmonellae or human pathogenic strains of E. coli that may occur in FYM under certain conditions. These pathogens may cause severe health problems such as gastrointestinal infections for immunocompromised individuals, babies, sick people and the elderly (Buchanan et al. 2000). The survival of these bacteria in the soil after FYM application can amount up to 100 days (Ingham et al. 2004). The transfer of pathogens might happen by splash effects caused by raindrops or overhead irrigation or via transport of soil particles into lettuce heads by mechanical weeding. Apart from hygienic aspects, the amount of beneficial and harmful compounds as well as tissue properties play a dominant role for lettuce quality. High contents of nitrate can decrease, secondary metabolites can increase the nutritional value of lettuce. Crispness of lettuce leaves is a criterion for freshness and constitutes a major factor of the consumer appraisal for product quality. This parameter is indirectly measured by determining the firmness of the leaf tissue. Due to high heterogeneity of the veined leaf tissue, measurements with an Instron penetrometer gave no satisfying results. Thus, we try to determine the firmness of leaves by simulating the consumer perception with an artificial denture. This paper highlights key results of field experiments with lettuce focussing on the impact of weed management practices and manuring on selected quality parameters.

Materials and methods 

Two field trials were carried out with lettuce (Lactuca sativa, var. capitata) in each summer season of 2006 and 2007 at the organic research farm Wiesengut in Hennef (Germany, 50°48´ N, 7°17´ E; 62 m a.s.l.; mean annual temperature 10.2°C; mean annual precipitation 846 mm) on a fluvisol. Since data of 2007 are still not fully exploited, only results of 2006 are presented here.

The experimental design was a Latin square with 6 treatments and 6 replications (Table 1). The treatments were selected based on results of Rattler et al. (2006) and included a high risk pathogen transfer treatment with fresh FYM (not incorporated to the soil). Weed management was carried out either by hoeing, flame weeding, plastic mulch or by covering the soil with a layer of straw. All treatments were adjusted to a target level of 170 kg plant available Nmin ha-1. Thus, the amount of N applied was a function of the amount of mineral nitrogen (NO3-N and NH4+, i.e. Nmin) in the soil solution in the 0-30 cm soil layer at the time of planting and an estimated mineralization rate of 5 kg N x ha-1 and week. The amount of FYM was calculated by assuming 20% of total N applied becoming available during the vegetation time. 

Table 1: Treatments 

	Weed control 
	Manure Incorporation
	Manure Type

	Mechanical 1
	Rotary Tiller
	fresh FYM

	Mechanical 2
	Plough
	fresh FYM

	Mechanical 3
	

	all Rotary Tiller
	composted FYM

	Flame weeding
	
	
	fresh FYM

	Plastic mulch
	
	
	

	Straw layer
	
	
	


In 2006, lettuces were planted on 5 May and 18 July, respectively. Additional overhead irrigation was applied, if needed. In each trial, 16 lettuce heads per plot were harvested at optimal ripeness. Outer leaves either intensely soiled or having lesions were removed. All lettuce heads were weighted separately. Ten heads per plot were used for determining dry matter content, mineral composition, physiological and microbiological parameters (Enterobacteriaceae, Coliforms, E. coli, Salmonellae, Enterococci). Microbiological parameters were assessed directly after harvest with a pooled sample of 6 washed heads per plot according to German standard cultivation methods (LFGB, 2006). Nitrate content was determined in the dry matter (d.m.) according to Beutler et al. (1986). Results were statistically evaluated by ANOVA followed by Tukey’s test using SAS (SAS version 9.1, SAS Institute, Cary, NC, USA).

In order to analyse whether different fertilizer and increased amount of fertilizer have an influence on crispness, an additional field trial was performed in spring 2007 and  repeated in summer 2007. These 2007 trials were designed as a Latin rectangle with 12 treatments and 4 replications. Here fertilizers were applied either as FYM or calcium ammonium nitrate. Nitrogen fertilization levels were adjusted to a mineral nitrogen content of the topsoil (0 - 30 cm) of 110, 130, 150, 170 and 190 kg Nmin ha-1, respectively. The new prototype for measuring leaf firmness uses an artificial denture and is called Degmatasimeter (DTM). The DTM measures the force that is spent for biting through a lettuce leaf and considered to refer to actual forces generated during human chewing. In contrast to this approach, the frequently used Instron penetrometer measures tissue firmness by punctual pressure on a tensed leaf until destruction. Occurring tensile and shear forces cannot be characterised and quantified by this method due to the heterogeneity of the leaf tissue. Consequently, a close correlation to crispness that is experienced by consumers is hardly possible. In the case of the DTM, occurring forces are expected to correspond with the perception of crispness. 

Results and discussion

Yields were relatively high (trial 1: 540 g/head, trial 2: 507 g/head) owing the high       N - fertilization level. As expected, weed control treatments had no effect on yield. FYM contained E. coli  in the range of 103-104 CFU g-1 in fresh matter (f.m.) in 2006. In composted FYM in spring 2006, E. coli counts were similar to FYM due to low temperatures during the composting process; in summer 2006 (composting temperature reached 60°C), E. coli  was not detected. In 2006, no effects of the weed control treatments on total aerobic bacterial counts (overall average = 106.25 CFU g-1) and Enterobacteriaceae (overall average = 105.44 CFU g-1) were observed. A significant increase in the count of coliform bacteria was found following mulching with plastic mulch and with straw (p= 0.001) in spring 2006, but these were not confirmed by corresponding results for E. coli, which was detected in only some of the lettuce samples and in very low amounts slightly above the detection limit of 102 CFU g-1. These results indicate a minor relevance of soil particle transfer as hygienic contaminant. Coliform counts (105 CFU g-1) and counts of E. coli are in accordance with Pfleger's results (2006) for natural bacterial counts of heads of lettuce under field conditions without irrigation. Salmonellae were not detected in any of the samples. Although the treatments were designed to provoke a high transfer of potential pathogens, the initial results of 2006 do not indicate an enhanced health risk from the use of FYM as fertilizer for lettuces. These findings support the results published by Rattler et al. (2006) who observed similar bacterial counts in field-grown lettuce. Nevertheless, since the standard methods used are often not good enough for proper detection of human pathogenic strains more detailed investigations on the relationship of total E. coli counts and, e.g., E. coli O157:H7 are needed. Franz et al. (2005) did detect E. coli O157:H7 in lettuce roots but not in edible lettuce parts. While in 2006 few samples of lettuce contained enterococci, and only in low amounts, higher counts of enterococci were noted in 2007 and still require explanation. Nitrate values (average in spring 2006: 269 mg kg-1 f.m., average in summer 2006: 828 mg kg-1  f.m.) were considerably lower than the tolerable limits of 2500 mg kg-1 f.m. (EC Directive N° 466/2001). These values are in the same range as those found in other surveys, with 495 - 1548 mg kg-1 f.m. for organically produced lettuces (Samwel, 2000), but lower than those published by Souci et al. (1994), with 2190 mg kg-1 f.m. Given the high nitrogen level of 170 Nmin ha-1, the nitrate values in the present experiment can be considered comparatively low. However, the nitrate content is generally lower in summer-grown than in winter-grown lettuces because nitrate reductase activity is higher at higher light intensities. In preliminary examinations, measurements of tissue firmness showed a significantly lower coefficient of variance for the DTM prototype (3%) than for the Instron penetrometer (10%). For other technical or chemical measurements, the maximum acceptable coefficient of variance is often 5%, suggesting that the method has been improved by using the DTM. On average, mineral fertilization led to values of 570 g per bite, while organic fertilization resulted in slightly higher values (630 g per bite) in 2007 (trial 1). However, the DTM-values showed did not vary directly with the fertilization levels. Whether or not the DTM can be used to distinguish between different levels of crispness as a function of agronomic strategies is still unclear and requires further investigations.

Conclusions
According to our results, the use of FYM, even when applied in a form that maximizes pathogen transfer risk, does not significantly affect the hygienic quality of lettuce. When good agricultural practice, i.e. no direct manuring of vegetables that are eaten raw, is also taken into account, the hygienic quality of organically grown lettuce cannot be considered a cause for concern. In terms of the nutritional value of lettuce, there are currently no indications that use of manure leads to a lower product quality.
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