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Abstract

Soilborne pathogens can cause serious damages to economically important crops. Control of these diseases has traditionally depended upon rotations and soil quality improvement strategies. Compost has shown a suppressive activity against soilborne pathogens, and its use may decrease the severity of root rot diseases, optimize waste recycling and increase yields in organic farming. An organic certified compost produced from biowaste, green and yard wastes in a composting plant in the North-West of Italy, has been analysed for its suppressiveness against Phytophthora disease. The organic certified compost has been compared with a conventional compost produced in the same composting plant and with a peat substrate. In the first  group of trials, composts maturity and quality have been estimated using Wood’s End Lab’s “Solvita” Compost Maturity Test Kit, and germination and plant grown bioassays. In a second group of trials, the organic certified compost, has been assessed for its suppressive activity in greenhouse against Phytophthora nicotianae on tomato and Phytophthora capsici on zucchini. In a third group of trials, compost was used alone or enriched with microorganism of the fungal genus Trichoderma and the suppressiveness in open field towards Phytophthora capsici on pepper has been evaluated. Organic certified compost quality was comparable to peat quality. Organic certified compost showed to have a disease suppressive activity in greenhouse, compared to peat amendment, against Phytophthora spp.. The disease suppresiveness of certified compost reached 76% in the case of tomato. The results were not confirmed in open field, even when compost was enriched with Trichoderma spp.
Introduction
Organic farmers use on-farm resources whenever possible to increase organic matter in soil and to manage soil fertility, through the use of compost, cover crops and crop rotations. Some composts have been found to be suppressive against several soil-borne pathogens in various cropping systems (Noble and Coventry, 2005). The use of compost as a peat substitute to control root pathogens in Italy was first suggested in 1988 (Garibaldi, 1988). An increase of some diseases due to compost usage has also been demonstrated, since compost is a product that varies considerably in chemical, physical and biotic composition, and, consequently, also in ability to suppress soilborne diseases (Termorshuizen et al., 2006). The level and reproducibility of suppressive properties of compost can be increased upon antagonist enrichment (Postma et al., 2006). 

In the present study, a certified organic compost has been analysed for its suppressive activity against soil-borne diseases and compared to a not certified compost and to peat.
Materials and methods
The composting plant “ACEA Pinerolese S.p.A.” located in Pinerolo, near Torino (Italy), was selected, according to previous trials (Pugliese et al., 2007), for producing high suppressive compost. One organic certified compost and one not certified compost produced by the composting plant in three different periods (autumn, spring and summer) were selected for experiments. Organic certified compost was produced according to EC Reg. 2092/91 from biowaste, green and yard wastes, while non certified compost was produced from sludge obtained from urban waste water treatment, organic domestic waste and green waste.
Compost maturity was estimated using Wood’s End Lab’s “Solvita” Compost Maturity Test Kit, which estimates maturity based on respiration rate. Germination and plant growth bioassays were used to test the quality of composts, according to Warman, 1999. The germination index (Gi) was calculated according to the formula Gi = G/G0 x L/L0 x 100, where G0 and L0 are respectively the germination percentage and radicle growth of the 100% H2O control. For the plant growth assays, compost was mixed with sphagnum peat at 20, 40 and 100% v/v. Sphagnum peat was also used as control medium and the potting mixes were sowed with 100 seeds of Lepidium sativum. The plant growth index (Pi) was calculated according to the formula Pi = (PSc/PSp) x 100, where PSc is the average dry weight of plants grown on compost-amended potting mixes, while PSp is the average dry weight of plants grown on peat. The global plant growth index (Pi) was the Pi average of the 20, 40 and 100% mixes treatments.
A second run of trials was carried out in greenhouse to test the suppressiveness of composts. A randomized block design was used. All assays were repeated at least twice. Five pots of 1 l of volume were prepared for each treatment and 7 seeds of tomato were sown in each pot. Seven days before sowing, pots were inoculated with Phytophthora nicotianae, previously propagated in flasks on wheat plus hemp and added to the pots at 2 g/l of mycelium plus substrate. Other pots were also prepared and 5 seeds of zucchini (Cucurbita pepo) were sown in each. Seven days before sowing, pots were inoculated with Phytophthora capsici at 2 g/l dosage. A sphagnum peat amendment was used as control mean. The disease levels were related to that of the peat control in order to be able to compare suppression levels among the different trials, based on percentage of disease suppression (according to Termorshuizen et al., 2006).
A third run of trials was carried out on an open field of bell pepper (Capsicum annuum) strongly infested in the previous years by Phytophthora capsici. Compost was inoculated 7 day before rototilling with several biological control agents at 4g/l dosages: Trichoderma harzianum T-22 (Rootshield®, 108 CFU/g, Intrachem Bio Italia), Trichoderma viride TV1 (TV1®, 108 CFU/g, Agribiotec) and T. harzianum (strain ICC012) in mixture with T. viride (strain ICC080) (Remedier®, 108 CFU/g, Isagro). Pepper plants were transplanted 2 days after organic certified compost (enriched or not with Trichoderma spp.) was rototilled into soil at 2 kg/m2 dosage. After transplanting diseased plants affected by P. capsici were counted every 7-10 days. The effect of micro-organisms added to compost on percentage of disease suppression (according to Termorshuizen et al., 2006) was assessed compared to control.
Analyses of variance (ANOVA) were carried out with the statistical programme SPSS 12.0 (SPSS Inc., Chicago, IL). Tukey’s HSD test was applied when one-way ANOVA revealed significant differences (P<0.05). 
Results
Regarding compost maturity test, organic certified compost showed an higher level of CO2 in the compost maturity test, that means a lower maturity (Tab. 1). The germination assay showed that organic certified compost has a lower germinability compared to conventional compost (Tab. 1). L. sativum growth was not statistically different compared to peat control (Tab. 1).
Tab. 1: Compost maturity and quality
	Amendment
	Maturity*
	Germination index (Gi)**
	Plant Growth index (Pi)

	Organic certified compost
	6
	124.9 b
	102.3 a

	Conventional compost
	7
	211.5 a
	111.8 a

	Peat
	-
	179.7 ab
	100.0 a


* 7= very mature; 6 = mature; <6 = not mature.

** Gi lower than 71 indicates low germinability and high phytotoxicity

°significant for P<0.05
In greenhouse trials, composts showed a good disease suppressive activity against P. nicotianae on tomato (Tab. 2). No differences in disease suppression were showed between organic certified compost and conventional compost.
In open field trial no statistical differences were showed by the use of compost on the disease suppressiveness of P. capsici on bell pepper, even when enriched with Trichoderma spp.
Discussion 
Quality and disease suppressiveness of organic certified compost was assessed. Compost quality showed to be comparable to peat, but with a lower germinability than conventional compost. This difference could be due to an higher nutrient content of the conventional compost. Composts showed to be suppressive against some soilborne pathogens (Phytophthora spp.), as already suggested by Noble and Coventry (2005). The suppressive activity was not statistically significant when compost was used in open field, even when enriched with biological control agents like Trichoderma spp.

Tab. 2: Effect of compost on disease suppressiveness on Phytophthora capsici of zucchino (courgette) and  Phytophthora nicotianae of tomato in greenhouse. 
	Treatment
	% disease suppressiveness

	
	Phytophthora capsici / zucchini
	Phytophthora nicotianae / tomato

	Organic certified compost 
	40 b*
	76 b

	Conventional compost 
	55 ab
	79 b

	Peat (inoculated)
	5 c
	0 c

	Peat (not inoculated)
	100 a
	100 a


* significant for P<0.05
Conclusions
In conclusion, our results indicate that organic certified compost can be used as a mean to control some soilborne diseases at least in greenhouse conditions. Organic certified compost quality is comparable to peat and its adoption is foreseen as a peat substitute. The combination of biological control agents with compost could lead to a more stable suppressive substrate, but Trichoderma spp. didn’t showed to increase compost suppressiveness against Phytophthora spp. This study represents an initial step toward the development of a new substrate able to control a wide range of soil-borne pathogens. 
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