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Effects of Trichoderma harzianum applications on fresh pruning wounds in Actinidia deliciosa for the protection against pathogens associated with the “wood decay” of kiwifruit
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Abstract

A chronic wood wasting disease of kiwifruit (Actinidia deliciosa) has recently been identified in Italian kiwifruit vineyards. This disease is principally caused by Phaeoacremonium aleophilum and Fomitiporia mediterranea. The “wood decay” causes a reduced productivity and longevity in the vineyards and influences the quality of the final product. “Wood decay” has a high incidence throughout the vineyards, and is difficult to eradicate once present, leaving prevention as the best defence strategy. The different pathogens causing the disease infect the plant mainly through pruning wounds. We studied a commercial formulation of Trichoderma harzianum T22 for the protection of pruning wounds, and thus for the prevention and reduction of the infection. The studies were carried out on potted plants, on shoots of the year that were cut, simulating a summer pruning, and treated with a T. harzianum commercial suspension. A different morphologic reaction was observed on treated and control shoots; physiological processes connected to the reaction, such as the variation in the levels of a growth-promoting hormone (auxin) and the content of total phenols were investigated through biochemical and histological analyses. The higher levels of auxin and phenols recorded in treated shoots suggested a stimulation of T. harzianum on the wound healing processes.
Introduction

A chronic wood wasting disease of kiwifruit (Actinidia deliciosa) has recently been identified in Italian kiwifruit vineyards. Principally caused by Phaeoacremonium aleophilum and Fomitiporia mediterranea, it has been named “wood decay” (Di Marco et al., 2000). The disease was also described in different forms in Greece and France, and affects the quality of the final product, as well as reducing the productivity and longevity of the vineyards. Wood decay is a form of wood deterioration similar to “esca” as found in grapevines, identifiable on the trunks and cordons of infected plants by wide decayed areas with a spongy texture, together with dark and hard necrotic streaks. The disease is caused by different fungi, particularly Phaeoacremonium aleophilum and Fomitiporia mediterranea, pathogens already associated with grapevine esca (Crous et al.,1996; Di Marco et al., 2004; Di Marco and Osti, 2008). The decay starts from pruning wounds, the main portal for pathogens infection (Di Marco et al., 2004). Spores deposit on the wound surface and can diffuse through the open vascular system; wounds remain susceptible to infection for several time, up to 4 months in grapevine (Eskalen et al., 2007), and susceptibility varies according to the pathogen involved and the pruning season (Van Niekerk et al., 2007; Serra et al., 2007); spraying pruning wounds with products providing long-term protection of xylem and pith tissue is thus recommended as a preventive control measure.
Trichoderma spp. is a well known biocontrol fungal agent. The aim of this study was to test the effect of commercial Trichoderma harzianum on the healing process of summer pruning wounds in kiwifruit plants (Actinidia deliciosa), by applications to the foliar apparatus. We also investigated the influence of T. harzianum on different physiological processes such as the concentration of the auxin indole-3-acetic acid (IAA), a plant growth regulator that enhanced callus formation, and the production of total phenols, compounds involved in plant defence against pathogens.

Materials and methods

The analyses were carried out on kiwifruit potted plants, grown in an open frame. Shoots of the year were pruned during the month of July, and the wounds were immediately treated by nebulization either with a commercial formulate of T. harzianum T22 (Rootshield®) at 0.5 g l-1 or with water alone (control). The wound closing process was observed on plant, on treated and control shoots, for up to 3 months after pruning. Additionally, the wound closing process was monitored at different times after pruning (6 hours, 2, 4, 8 and 11 days) by sectioning the shoots longitudinally and observing them under a stereo microscope. The quantification of total phenols and starch was carried out through histological analyses on shoot sections pruned and treated with T. harzianum and on control shoots. The sections were included in GMA resin (O’Brien and McCully, 1981), stained with PAS and toluidine blue, and analysed under a light microscope. Identification and quantification of indole-3-acetic acid were performed on the shoot sections adjacent to the wound collected at different times after pruning (0, 6, 24, 48 and 192 hours). The IAA concentrations in the tissues were analysed by GC-MS according to Baraldi et al. (1988). Re-isolations of T. harzianum were carried out placing pruned shoot fragments on PDA, 9 months after inoculation. All the investigations were carried out on 3 plants for each treatment. Means and standard errors are presented.

Results

From in vivo observations, the healing callus on the treated shoots was more developed and organized than in the control ones, on which callus was either not present or not well developed up to 3 months after pruning. Microscope observations on control shoots showed the formation of a lignified layer of closure 11 days after pruning, while in treated shoots lignification was already visible 8 days after pruning and was preceded by the formation of a wide necrotic area and of a lateral callus, both of which were absent in the control.
The histological analyses highlighted a higher accumulation of phenols in treated shoots than in control shoots. This phenomenon was particularly prevalent in the phloem, where it was usually accompanied by the presence of an organized closing callus. Conversely, the presence of starch was higher in the phloem of control than treated shoots (data not shown).
The variation of auxin levels in the tissues adjacent to the wound was followed in treated and control shoots (Table 1). While in treated shoots free IAA concentrations remained substantially unchanged, ranging from 47.5 to 35.8 ng g-1 FW, in control shoots a decrease in hormone levels occurred from the first day after pruning. In fact, at 24 and 48 hours IAA concentrations were 26.3 and 25.5 ng g-1 FW, respectively, while at 192 hours the concentration raised again, reaching a value similar to the initial one (31.1 ng g-1 FW). 
Re-isolation of T. harzianum from the cortex of treated plants 9 months after treatment was successful.

Tab. 1: IAA concentration (ng-1 fresh weight) in control and pruned shoots treated with T. harzianum at different times after pruning.

	
	Time of collection

 (hours)

	
	0
	6
	24
	48
	192

	Control
	47.5 ± 9.0
	33.8±13.4
	26.3± 0.6
	25.5
	31.1±7.9

	Treated 
	47.5 ± 9.0
	35.8±13.0
	42.1±13.6
	43.6±3.6
	43.9±17.0


Values are means ± standard error (SE)

Discussion
The treatment with Trichoderma harzianum accelerated the closing processes of summer pruning wounds by speeding up the formation of a lignified layer of closure; moreover, the presence of a wide necrotic area, a possible obstruction to the entrance of the pathogens, suggested a more pronounced reaction by the treated plants. The hypothesis of an effect of T. harzianum on plant defence mechanisms was also supported by the stimulation of an extended closing callus.

The hypothesis of a stimulation of the plant defence reactions by T. harzianum was also reinforced by the observed fast and high accumulation of total phenols in the phloem tissue adjacent to the wound, together with a more organized callus and reduced starch levels. It is well known that wound-related defence responses include synthesis and accumulation of phenols to reinforce the cell wall and act as anti-microbic compounds (Moriondo, 1999). The energy required for defence responses is usually obtained by the degradation of carbohydrate reserves such as starch. In the present study, the treated shoots were subjected to stresses caused both by wounding and by interaction with Trichoderma. The faster defence reaction recorded on treated shoots could be interpreted as a response to this “double stimulus”. In other studies, T. harzianum T22 was reported to act as an elicitor on the plant, through the production of proteins such as Hytra1 (Ruocco et al., 2007).

The pattern of auxin evolution suggested the hypothesis of an involvement of Trichoderma in the signalling pathway that finally lead to wound closing and cicatrisation; the constant levels of free IAA measured in treated shoots in fact indicated a possible way of behaviour on the part of the fungus, which protected the biological active form of this hormone from the oxidative degradation normally occurring in wounded tissues. The persisting activity of this hormone could lead to a faster wound closing and to the production, via cell division and elongation, of the more developed callus that was visible on treated shoots.

Finally, T. harzianum survived for up to 9 months on treated plants. The prolonged activity of T. harzianum on the plant is very important because wounds remain susceptible to pathogens attack for several months (Eskalen et al., 2007). Further trials are underway in order to assess the viability and persistence of this biocontrol agent at lower temperatures than the ones recorded during the winter season 2006-2007.
Conclusions

Trichoderma harzianum, sprayed on summer pruning wounds, appeared to contribute to the physiological processes of wound healing, by accelerating callus formation and influencing the accumulation of total defence phenols, with a concurrent decrease in starch content. This role was supported by the concentrations of auxin, a plant growth regulator involved in the formation of closing callus, whose levels remained higher in treated shoots compared to the control. Further studies focused on the activity of Trichoderma towards wood decay associated pathogens, both under greenhouse and field conditions, are ongoing at the moment.
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