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Abstract 
A two-year trial was conducted to evaluate the effects of applications of commercial formulations of the fungus Trichoderma on graftlings of grapevine (Vitis vinifera L.) in a commercial nursery where plants were grown under organic management. Treatments were carried out at callusing, rooting and callusing+rooting. Effects on the host-plant morpho-physiological characteristics were observed and depended on the type and timing of Trichoderma application. Treatment at rooting was the most effective whilst application at callusing and combination of treatments gave controversial results. The most noticeable effect of application of Trichoderma was an increase of quantitative-qualitative characteristics of the root system, with a consistent development of root hairs. Compared to untreated plants the percentage of certifiable plants treated at rooting was higher. 
Introduction 

Studies on the fungus Trichoderma demonstrated that this microorganism is able to control several fungal pathogens and can be used as biocontrol agent. The mechanism of activity of Trichoderma applied to the soil as inductor of plant defence responses towards pathogens far from the site of application has been recently discussed. An enhancement of crop productivity as well as beneficial effects on plant morphology and physiology were also emphasized (Harman et al., 2004). The potential of nursery applications of Trichoderma to prevent or reduce infections of Phaeomoniella chlamydospora and Phaeoacremonium spp., fungi associated with esca, a complex wood disease of grapevine, was recently investigated. Formulations based on T. harzianum, applied at various nursery stages, showed a slight reduction of levels of esca pathogens, assessed on uprooted vines deriving from field nursery, and of leaf necroses due to Botrytis cinerea inoculated on vine leaves (Di Marco et al., 2004; Di Marco and Osti, 2007; Fourie and Halleen, 2006). This paper reports on results obtained in a two-years study carried out in an organic nursery on morpho-physiological effects on vines treated with Trichoderma formulations at various nursery vine-growth stages. 
Materials and methods 

Field trials were carried out in 2005-2006 growing seasons in a commercial organic nursery at Faenza, Emilia Romagna, north–central Italy. Grapevine plants cv. Trebbiano romagnolo (TR3T) grafted on K5BB or 1103P were treated with commercial formulations Rootshield® granules or Remedier® (in 2006), containing Trichoderma harzianum T 22 or T. harzianum ICC012 + Trichoderma viride ICC080 respectively. The bio-products were applied as follows: (i) “callusing”: graftlings were completely drenched for 30 min in a water suspension at 15 g l-1 (Rootshield) and at 50 g l-1 (Remedier) in PVC boxes containing 750-800 plants each, then stored for 3 weeks in boxes with wet sawdust at about 30°C and 70-80% relative humidity; (ii) “rooting”: the bottom ends of graftlings were placed for 30 min in PVC buckets with a suspension of the Trichoderma formulations at the same concentrations mentioned above; four or five weeks after planting, graftlings were treated by soil drenching with Trichoderma suspensions at 0.5 g l-1(Rootshield) and at 5 g l-1 (Remedier); (iii) “callusing+rooting”: graftlings were submitted to the combinations of the treatments above described. For each treatment, control plants were treated with water instead of Trichoderma. For each year of trial, differences in the quality and development of callus around the grafting junction were visually assessed. The graftlings showing a successful callus were recorded as plantable. Two hundred cuttings per treatment with 4 replicates (each consisting of 50 cuttings) were planted in a field nursery and left in the soil for 28-29 weeks. In autumn dormant graftlings were mechanically uprooted. After uprooting, certifiable plants were selected according to the EU directive 2005/43, and recorded. Some plants were uprooted by hand taking care to preserve the entire root system. For each treatment 4 replicates each consisting of one plant were set up. The root system of plants uprooted by hand was washed and root diameter measured with a caliper in the laboratory. Roots were then collected and grouped into 3 categories: hairs (< 0.05 mm diameter); secondary (0.05–0.2 mm); primary (> 0.2 mm). For each category the projected root area (cm2) was evaluated by video-image analysis as described in Di Marco et al. (2004). The root development was examined only in the TR3T/K5BB scion/rootstock combination. In 2005, the examination was carried out with Rootshield both on potted plants and on plants collected from the nursery field; in 2006, trials were conducted only in the nursery field with both Rootshield and Remedier. Results were subjected to statistical analysis using Duncan’s multiple range test, P=0.05.
Results
At the end of the callusing period, treatment with Trichodex provided a percentage of plantable plants 5% lower than untreated, only in 2005 trial and for the TR3T/K5BB scion-rootstock combination. No significant differences in the formation of grafting callus between treated and untreated graftlings were observed. At the end of the growing season, effects of Trichoderma treatments on the percentage of uprooted plants was not assessed, except for, in a few cases, a certain decrease in plants treated at callusing or at callusing+rooting (Tab. 1). 
Tab. 1: Percentage of plants uprooted at the end of the growing season.
	
	2005
	2006

	Treatment
	Rootshield
	Rootshield
	Remedier

	
	K5BB*
	1103P*
	K5BB
	1103P
	K5BB
	1103P

	Callusing
	42.0a
	51.5b
	46.5a
	58.5a
	30.0b
	59.5a

	Rooting
	46.8a
	57.0a
	52.0a
	73.0a
	54.0a
	67.3a

	Callusing + rooting
	47.2a
	60.3a
	13.0b
	72.0a
	39.0b
	56.6a

	Untreated control
	47.8a
	67.3a
	53.6a
	64.0a
	53.6a
	64,0a


* Type of rootstock. 

A significantly higher percentage of certifiable plants was noticed for plants treated at rooting with Remedier compared to the other treatments. Rootshield applied at rooting showed a significant increase of certifiable plants compared to callusing and, in some cases, to the control or to the callusing+rooting (Tab. 2).
Tab. 2: Percentage of certifiable plants after uprooting selected according to the EU directive 2005/43.

	
	2005
	2006

	Treatment
	Rootshield
	Rootshield
	Remedier

	
	K5BB*
	1103P*
	K5BB
	1103P
	K5BB
	1103P

	Callusing
	25.8b**
	30.0c
	22.0b
	22.5c
	6.8d
	27.3b

	Rooting
	32.8a
	42.0a
	29.8a
	37.3a
	31.3a
	35.0a

	Callusing + rooting
	29.8ab
	37.0ab
	6.5c
	32.0ab
	15.8c
	25.3b

	Untreated control
	28.0ab
	35.3b
	25.0ab
	28.5b
	25.0b
	28.5b


    * See table 1. 

    ** See table 1.

 An enhancement of root hairs development on vines treated with Trichoderma was observed (Tab. 3). 

Tab. 3: Development of the root type (cm2) of potted plants and plants grown in nursery field assessed by Video Image Analysis.

2005 trials

	
	Root system

	 
	Potted plants
	Field nursery plants

	Treatment
	Hairs*
	Secondary
	Primary
	Hairs
	Secondary
	Primary

	Untreated control
	62.4a**
	32.3a
	15.4a
	34.5a
	38.5a
	26.0a

	Callusing
	106.5b
	32.7a
	16.5a
	-
	-
	-

	Rooting
	125.7b
	33.9a
	15.2a
	107.4b
	53.8a
	24.0a

	Callusing + Rooting
	116.5b
	32.0a
	16.8a
	-
	-
	-


    2006 trials

	Treatment at the rooting in field nursery trial

	
	Root system

	Treatment 
	Hairs*
	Secondary
	Primary

	Untreated control
	34.5a**
	38.5a
	26.0a

	Rootshield
	107.4b
	53.8a
	24.0a

	Remedier
	135.0b
	55.1a
	23.5a


* Root diameter: hairy (< 0.05 mm); secondary (0.05–0.2 mm); primary (> 0.2 mm).
** See Table 1.
Discussion 
Results obtained in this study on the morpho-physiological characteristics of the host-plant after the application of Trichoderma at different nursery vine-growth stages, confirmed the complexity of the mechanism of action of the bio-control agent and its potential in enhancing crop productivity and quality. Treatments can affect the percentage of growing graftlings, suggesting the possibility of a kind of selection caused by the action of Trichoderma. Callusing, rooting or callusing+rooting treatments gave different results. On the whole, the two Trichoderma applications scheduled in the “rooting” treatment showed the most interesting activity reducing as well the variability of results obtained. Beneficial effects may be related with the choice of nursery stage and the localization of the application. In this trial Remedier was used at high dosage; ongoing studies showed that a reduction of dosage does not lead to a decrease of its activity. So, the activity seems not strictly associated with the amount of Trichoderma used. Generally all types of Trichoderma applications caused a proliferation of root system, consistent for root hairs. So, vines are better equipped to withstand stress conditions, including stress-related pathogens like those associated with esca. 
Conclusions
The application of Trichoderma formulations in the nursery generally caused beneficial effects on plants which showed an enhancement of quality characteristics, especially for root development and, in some cases, percentage of certifiable plants. The type and timing of application demonstrated to be important for the activity of Trichoderma. 
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