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1. INTRODUCTION 

 

Bacteria are prokaryotic organisms, single-celled, lack nucleus, chloroplasts, mitochondria, vacuoles 

and endoplasmic reticulum, made up of the wall, cytoplasmic membrane, cytoplasm and chromosome. 

The presence of a cell wall distinguished other class of prokaryotes by phytoplasma bacteria. They 

have the hereditary characters encoded on chromosome or plasmids. Both are annular double chain 

DNA molecules, not encapsulated by membranes. 

Plant diseases caused by bacteria have been known since the late nineteenth century. In Italy, the first 

to demonstrate bacterial etiology of a plant disease was Savastano with his original studies (1886-

1889) on olive knot. Despite being reported in Italy on many crop plants, occasionally even in 

epidemic form, the bacterial diseases damage the production only in a few herbaceous crops (eg. 

Beans, potato, tomato, celery, cloves) and fruit (pome fruit, stone fruit, hazelnut, kiwi, olives, grapes, 

citrus), in open field or in green house. Nevertheless is very high the risk of introducing certain 

bacterial (eg. Cancer and citrus greening, Pierce's disease of grapevine) potentially capable of causing 

serious damage. In the nineties of the last century it has appeared in Italy the fire blight on pear and 

brown rot on potato; while the fire blight is still spreading, the brown rot didn’t diffused. The optimum 

growth temperature range is between 25 and 30° C (psychrophilic) and does not always correspond to 

the optimal one to cause disease. To multiply itself require adequate mineral and organic nutrition, so 

in nature lives in association with plants in the rhizosphere, in phyllosphere or within them. In the 

laboratory they can be grown on appropriate nutrient media, solid or liquid. A minority of species 

discovered since 1972, said pesky bacteria have strong nutritional needs and their growth in the lab is 

very difficult (eg. Xylella) or impossible (eg. Phlomobacter). 

 

1.1 Pathogenesis of bacterial infections 

Associated with the plant, the plant pathogenic bacteria may be epiphytic or endophytic. The epiphytic 

ones live in the liquid film where they accumulate exudates of plants, the rhizosphere and 

phyllosphere. The endophytic colonize the intercellular spaces of tissues and / or conductive elements 

(tracheids and vessels) xylem (apoplastic habitats). The transition to endophytes is always passive and 

takes place in areas where the barriers are always (stigmas, stomata, and lenticels) or occasionally 

(micro- and macro wounds of any kind) interrupted. The penetration takes place normally in the 

wetting conditions and, for stomata, is associated to a congestion of water into the tissue. Congestion 

occurs when in plant cells there is excess water in the walls and in the xylem so that the stomata rooms 
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being filled with liquid and has been created conditions for the guttation. The event usually takes place 

during the growing season, with warm, moist soil at first light in the presence of dew. 

A few hours after penetration, the bacteria begin to multiply and colonize tissues only if they have the 

ability to prevent, avoid or overcome the defense mechanisms put in place by the plant. The first 2-3 

hours are critical to the success of the infection. Virulent bacteria penetrated into the leaves and came 

into contact with the walls of plant cells have the ability to produce secretion systems that release into 

the environment or even inject virulence factors within the host plant cells. The virulence factors 

interfere, sabotage or destroy the reporting systems owned by plant cells to implement the defense 

barriers. 

Endophytes may have bio trophic or necrotic attitudes; the bio trophic ones manage to live temporarily 

with plant cells without causing irreversible damage.  Feeding on solutes made available by the plant 

cells under the effect of virulence factors. The necrotic instead, kill at a distance the plant cell using its 

extracellular degradative enzymes and feed of solutes made free from the degradation of the polymers 

of the vegetable wall and / or by dying cells. Hypersensitivity the death of plant cells, the wall of 

which are attached bacteria, is the most rapid bactericidal reaction, blocking the bacteria bio trophic in 

the same penetration points. 

The progressive infection of the tissues leads to the appearance of symptoms, related to quality and 

changing the type of endophyte habitat. Bacteria predominantly intercellular habitats are agents of 

maculature, speckles and soft rot in leaves, fruits, tubers and bulbs, of cancers in cortical tissues of 

trees. Bacteria predominantly xylem habitats are agents of wilting and withering, and even cancers in 

herbaceous plants. For the agents hyperplasia (tumors, gall) prevails the intracellular habitat. As a rule, 

however, each bacterium plant pathogen can have both habitats. Ranged endophytes shifts from 

primary lesions normally take place because the xylem. The transition between two successive xylem 

elements takes place through punctuations, for mechanical or enzymatic destruction of the partitions. 

The incubation period of bacteriosis is variable from a minimum of two days for soft rot, to about 3-7 

days for the maculature of leaves and fruits, 15-20 days for the galls and tumors, up to a maximum of 6 

months and more than a year for certain vascular infections. The leaf spot, said angular maculature, 

observed at an early stage, are a symptom of greater diagnostic value for their peculiarities: areas of 2-

4 mm in diameter, olive green, hydropic (the fabric seems filled with water), on board polygonal, 

surrounded by smaller ribs. 

The post infection reactions can contain or stop the colonization of both bio trophic that of necrotic, 

consist mostly in the implementation of barriers and / or lignin attached to the walls in the medullary 

tissue, hardening of punctuations, tire and payments in xylem elements. 
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The bacteria can escape from infected tissues in the form of exudate, cryptic or overt, made up of 

millions of pelleted cells in hydrophilic polysaccharides by themselves produced. The exudate cryptic 

forms a thin film surface and becomes visible to the shiny or greasy appearance of the infected area. 

The clear exudate is visible in the form of droplets milky or yellowish. Certain bacteria have never 

evasion in the form of exudate and their escape from the host plant was negative as a result of 

degradation of the vegetation residues infected or per share of pests. 

  

1.2 Bacteria damage some species in Italy 

Alongside the most common bacterial diseases of fruit trees, such as cancer better known as 'olive 

knot' (Pseudomonas syringae pv. savastanoi) (Fig. 1) and the 'bacterial tumor' of many species 

(Agrobacterium tumefaciens) (Fig. 2), there are other systemic vascular diseases, which involve 

altering the lymphatic transport withering and consequent withering of the relevant bodies. 

 

 

Fig.1 Damage on olive leaf due to Pseudomonas syringae pv. savastanoi. 

 

 

Fig. 2 Damage on olive leaf due to Agrobacterium tumefaciens. 

http://aws.imagelinenetwork.com/agronotizie/materiali/ArticoliImg/1-rogna-dell-olivo-antesia.jpg
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The bacterial diseases affecting fruit plants in Italy are relatively few. For example, Pseudomonas 

syringae pv. syringae (Pss) causes the Piticchia Spot on citrus', preferring lemon. The 'scab apricot', 

which manifests itself both on apricot that of many other stone fruits, is also caused by P. syringae pv. 

syringae. 

Among the agents of Xanthomonas campestris pv. pruni vascular disease mainly affects peach 

orchards of central-northern Italy, characterized by more humid and rainy summer months than to the 

South. 

The bacterium Erwinia amylovora, agent of 'fire blight of Pome', a disease from the rapid course 

affects particularly pear. The most dangerous bacteria for the core is definitely Xanthomonas 

campestris pv. coryli, which attacks the pericarp of the fruit when still green and the outer bracts and 

the same drums (cancers); Xanthomonas campestris pv. juglandis, agent 'canker of walnut', is 

dangerous especially in nurseries where the seedlings leads to rapid death. 

 

1.3 Bacterial disease on Kiwifruit 

During last years a very dangerous bacteria is Pseudomonas syringae pv. actinidiae (Actinidia canker) 

(Psa) that was reported for the first time in Japan in 1989 on plants of Actinidia deliciosa L. In Lazio 

(Italy), where Actinidia is a cultivation of particular economic importance, the bacterial diseases are 

usually associated with two different pathogens, Pseudomonas syringae pv. syringae (Pss), agent of 

flowering blight and Pseudomonas viridiflava, agent of blight on leaves. These bacteria, according to 

the seasonal weather patterns and agronomic farming practices, are able to determine damage of 

parenchymal type, sometimes relevant, against leaves, shoots, buds and flowers, but also greatly 

increase the risk of frost damage 

Since 2007, symptoms referable to the agent of bacterial canker Actinidia, have been repeatedly 

observed in Lazio in different plants in the Province of Latina and Rome, especially against plant 

Actinidia chinensis cv. Hort 16 A, with lower damage against plants of A. deliciosa cv. Hayward. A lot 

of investigations were carried out by the Department of Plant Protection of the University of Tuscia in 

Viterbo, and in 2008 Pseudomonas syringae pv. actinidiae was isolated and identified as the causal 

agent of bacterial canker Actinidia. The bacteria affects vascular and when it is penetrated within the 

host is very hard to combat, as well as his infectious process and the damage caused by it. 

The symptoms of this vascular bacteriosis are characterized by: 

a) the browning of flowers and buds and their subsequent fruit drop;  
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b) the presence of leaf necrosis irregularly shaped dark brown surrounded by a halo of yellow color 

(Fig.3);  

c) the formation of cancers of the trunk and branches with abundant production of a dark red exudate 

(Fig.4) and 

d) the collapse / wilting of the fruit. In severe cases, we are witnessing the death of the plant (Fig. 5). 

 

 

Fig. 3. Attack canker on leaf. 

 

 

Fig. 4. Actinidia chinensis cv. Hort 16 A. 

  

The finding of Pseudomonas syringae pv. actinidiae highlights the need to adopt suitable monitoring 

and prevention strategies, including identifying of the causes and sources of infection. The bacteriosis, 

in fact, as previously reported, can cause serious damage to all the vegetative organs of the plant with 
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strong economic impact, especially in function of the low quality of the fruits, lower production, 

commercialization of the failure, to the death of the plants. 

The bacteria can be carried by different factors such as rain, wind, insects, animals and humans. 

Therefore, to contain a spread of bacterial diseases is substantial early action on the affected plants. 

In order to prevent and control plant health, it proposes a list of prevention and containment measures. 

 

 

Fig. 5 Plant affected by bacterial. 

 

Prevention measures 

 make analysis of soil and leaf to avoid nutritional imbalances (deficiency / excess); 

 avoid irrigation systems by sprinkling 

 ensure good drainage and no water stagnation; 

 avoid determine accidental injuries (neck, trunk); 

 disinfect  all utensils used in the operations of pruning with copper salts, alcohol and bleach to the 

passage from one plant to another, regardless of whether or not the symptoms are observed and 

always use disinfected tools in carrying out the recovery pruning; 

 protect the pruning cuts than 2-3 cm with ecological adhesives blended with copper salts; 

 do not leave the branches pruned within or near the plant; 
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 employ authorized products based on copper salts according to the methods described in the label, 

in order to reduce the bacterial load and prevent infection; 

 avoid the passage of tractors and other machinery from infected plants to other apparently healthy. 

Limitation measures 

 Identify plants with symptoms referable to Actinidia canker;  

 prune the plants affected by cancer after all other potato; 

 bring out of the plant are the branches pruning of infected plants and burn them immediately; 

 bark of the first to identify symptomatic tissue healthy subcortical and cut at least 40 cm away from 

the symptomatic portions; 

 use only agricultural chemicals already registered and in the doses on the label. 

Many agronomic indications are given to contain the development of the disease, however, are not 

easy to find active defense methods to solve the problems (excluding antibiotics whose use is 

prohibited) and now the only active ingredient with a good efficiency is copper. 

 

1.4 Bacterial disease on Olive 

The olive knot is a relatively common disease that affects all organs of the plant. The symptoms, 

which occur most frequently on twigs and branches, consist of small globular tumors that over time 

become enlarged up to several centimeters and get chapped on the surface (Fig. 6). 

 

 

Fig. 6 Olive knot on young twig. 

 

The damage is caused by the bacterium Pseudomonas siringae pv. savastanoi (Psv) which penetrate 

into the plants through wounds caused by meteorological events, insects and man with farming 

http://casa.atuttonet.it/galleria.php?p=27254&i=118289
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operations. Warm temperature and high humidity are favorable to the infection. Cold spring is a 

predisposing factor because of lesions of various sizes on the plants already in phase of vegetative 

resumption. 

There are not well-defined consequences of the infection on the production of olives and their quality, 

except in cases where the attack compromises, whole branches of the fruit. Some authors have shown a 

striking reduction of harvest and the reduction of the size. 

The use of active antibiotics in agriculture is forbidden so is suggested a set of criteria based primarily 

on preventive disinfection putties and disinfectant with broad spectrum of action of pruning cuts and 

working tools with the flame or solutions disinfectants. 

In the event of heavy hail or frost damage can be performed preventive treatments with Bordeaux 

mixture or copper oxides immediately after the occurrence of the meteor and repeating 5/6 days later. 

The chemical control is still not complete because of copper, is not a specific bactericidal. 

Copper used as a pesticide have the risk of accumulation in the environment, in particular in the soil 

where can pollute the ground water, causing serious environmental and risk of a broad spectrum of 

organisms and microorganisms.  

Cu is required as a cofactor for a variety of enzymes, such as terminal oxidases, monooxygenases, and 

dioxygenases. An excess of Cu in aerobic cells generates ROS (Reactive Oxygen Species) through a 

Fenton-like reaction, in which Cu (I) ions react with hydrogen peroxide to form hydroxyl radicals. 

Nonetheless, the precise mechanisms by which Cu ions exert lethal effects on bacterial cells remain 

ambiguous. A study in Escherichia coli revealed that membrane injury caused by lipid peroxidation is 

one of the factors responsible for Cu-induced cell death. Intracellular Cu failed to catalyse the 

formation of oxidative DNA damage.  

Although Cu is a required element, at elevated levels Cu becomes toxic; therefore, Cu levels in natural 

environments and its biological availability are important. To be available to biological systems, Cu 

must be present in a readily soluble form. Some toxic elements are biologically unavailable because 

they are rare or highly insoluble in the environment. Copper, however, is a relatively abundant in the 

Earth's crust and moderately soluble. The form taken by the metal (ionic, complexed, precipitated), and 

hence its bioavailability, depends on the environment factors such as pH, redox potential, soil and 

sediments type, water hardness, and organic content. These factors vary in the environment, giving rise 

to possible conditions of Cu deficiency or toxicity. 

In the sense of a greater awareness of environmental issues European Union member states and some 

countries in particular are adopting many regulations to decrease the use of copper compounds in 

agriculture, where its permitted annual quantity does not exceed 5 kg of pure Cu per hectare. An 
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increase of environmentally-sound cultivation practices is frequently mentioned as the most significant 

reason of excessive Cu pollution, leading to a paradox, as Cu is beside sulphur the only permitted 

element in pathogen controlling in this cultivation practices. 

1.5 In vivo performances of anti-virulence peptides 

In the action B7, completed at 70%, we took care to demonstrate the effectiveness of the anti-virulence 

peptides in the presence of contamination by copper compounds at pilot scale level in field screenings. 

The field experiment, carried out in plots used to be treated with copper for plant protection, were 

performed on Kiwifruit, Olive and Lemon trees inoculated with the corresponding Gram-negative 

phytopathogenic Pseudomonas bacteria.  

The host plants for Psv, Psa and Pss (Olive, Kiwi and Citrus, respectively) will be inoculated and 

treated with the anti-infective peptides. The in vivo activity of peptides will be quantitatively assessed 

by comparing the results of pathogenicity trials carried out on treated and untreated plants, located 

both in copper-contaminated and uncontaminated sites. It was observed the positive effect of the anti-

infective peptides to combat the disease symptoms associated with these phytopathogenic bacteria. 

 

 

 

 

 

 

 

  



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action B7  

                                                                                               12 
 

2. MATERIALS AND METHODS 

 

2.1 Peptides and bacteria 

Antimicrobial peptides are interesting compounds in plant health because there is a need for new 

products in plant protection that fit into the new regulations. Several antimicrobial peptides are the 

basis for the design of new synthetic analogues (Montesinos, 2007). Antimicrobial peptides have been 

the object of attention in past years as candidates for plant protection products. They are short 

sequence peptides, with generally fewer than 50 amino acids residues reported in living systems, 

which are a first line of defence in plants and animals (Cooter et al., 2005; Raaijmakers et al., 2006). 

One of the things that make antimicrobial peptides attractive as antimicrobial compounds for plant 

diseases control is the mechanism of action against the target microorganism.  

Chemical and biological stability of three synthetic peptides constituted by 17, 27 and 21 amino acid 

respectively (AP17, LI27 and PSA21) will be characterized in pathogenicity assays carried out in plant 

at pilot scale level and field assay, using their specific isolates strains of Pseudomonas: Psv, Psa and 

Pss (Figure 7). 

 

   

Psv Psa Pss 

Fig. 7 Bacterial growth (Psv, Psa and Pss) on King B medium. 

 

For that, we have performed a co-inoculation assay (Pseudomonas + peptide) in kiwi, lemon and olive 

plants in order to verify the antimicrobial capacity of two different peptides known that P1: AP17 and 

P2: Li27 at 60 µM concentration in lemon and olive, and PSA21 peptide specific for kiwi plants at 60 

µM concentration too. For this, were prepared the bacterial solutions (109 UFC/ml) in sterile 

physiological solution and were added the peptide in the corresponding quantity to the final 

concentration 60 µM in plant. Experiments were carried out according to Table 1. 

 



 
LIFE12 ENV/IT/336 AFTER CU Deliverable Action B7  

                                                                                               13 
 

REFERENCES DESCRIPTION 

CONTROL  Plant not treated 

BAC  Plant treated with Pseudomonas spp. 

AP17 Plants treated with P. savastanoi pv. nerii + antimicrobial peptide AP17 (Olive) 

 Plants treated with P. syringae pv. syringae + antimicrobial peptide AP17 (Lemon) 

LI27 Plants treated with P. savastanoi pv. nerii + antimicrobial peptide Li27 (Olive) 

 Plants treated with P. syringae pv. syringae + antimicrobial peptide Li27 (Lemon) 

PSA21 Plants treated with P. syringae pv. actinidiae + antimicrobial peptide PSA21 (Kiwifruit) 
 

Table 1. Peptide and bacterial treatments tested. 

 

The final concentration of anti-infective peptide (60 µM) has been identified after a biological 

screening at pilot scale (greenhouse) carried out on each plant-pathogen model evaluating the range 

between 30 and 100 µM, as reported in action B6. 

 

2.2 Inoculation methods 

The inoculation procedure at pilot scale level in field screening was carried out according to specific 

procedures: a plastic tunnel protocol performed by ASTRA (Italy) and a field procedure achieved by 

ASTRA and Fattoria Soldano (Italy), and CEBAS (Spain). 

The ASTRA and Fattoria Soldano procedure for peptide spread and bacterial inoculation was the 

following: 

1. Remove 2-3 leaves (including petiole, exposing in this way the wound caused) in different stages 

(different heights of the stem). 

2. Inoculate a solution (10 µl) of bacterium + peptide (60 µM) with the use of a micropipette right 

above the wound artificially generated. 

3. Allow to dry for 1 hour the liquid and cover with a thin round of parafilm to protect the wound. 

Remove the parafilm after 7 days. 

The bacterial solution should be fresh (perhaps after an overnight growth) and must be brought to a 

concentration of at least 1 OD (about 109 CFU/ml, to have a good chance of symptoms). 

 

The CEBAS procedure for peptide spread and bacterial inoculation was the following: 

1. Remove 5% tree leaves petiole included, exposing the wound produced. 

2. Spraying corresponding peptide water solution (60 µM) on each wound. 

3. Inoculate helping with a micropipette 10µl of a concentrated bacteria solution (109 UFC/ml).  
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2.3 Plant parameters 

This project will aim to demonstrate the use of innovative anti-infective peptides for control of the 

bacterial diseases of plants. The activity of these molecules was be quantitatively assessed by 

comparing the results of pathogenicity test carried out on treated and untreated plants. A chemical 

analysis was performed on the leaves of kiwifruit, olive and lemon trees to observe any differences 

existing between peptide-treated and untreated plants. 

 

2.3.1 Photosynthesis (chlorophyll) 

Photosynthesis is one of the most important biological processes, through which, any organism are 

able to synthesize organic matter from the light, CO2 and water. Namely, conversion of light energy in 

chemical energy is produced. 

 

Fig. 8 Leaves pin, supplied with PEA fluorimeter. 

 

Into parameters measured in leaves adapted to darkness is Fv/Fm that estimate quantum efficiency of 

photosystem II. This is a photosynthetic performance measurement of PS II. Is a very useful parameter 

being that PSII is very sensible to stress, such that when decrease, it is a good stress indicator in plant. 

Values less of 0,83 would indicate stress (Bjorkman y Demming 1987; Maxwell y Johnson 2000). So 

kinetics of fluorescence was measured in intact leaves (attached to plant) using a portable fluorimeter 

(FluorPen FP100, PSI), as reported in Figure 8. 

 

Exposure area 

Pin 

Closing plate 

Sensor position ring 

Foam filler 
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Fig. 9 Fluorimeter equipment. 

 

For this, special pins (Fig. 9) were situated in healthy leaves. These pins keep in darkness the selected 

leaf area (exposure area) with the closing plate. Later, when darkness period time just finished (15’), 

the sensor was collocated on the pin and the closing plate was opened to do the measure. 

 

2.3.2 Biometric data 

Plant data monitored to evaluate the health status of plants (treated and untreated) were the following: 

1. Height in different plants was determined with the help of a special rule reader up 2 mts. 

2. Trunk diameter was calculated with the help of a digital calliper (Powerfix, Profi) with a measuring 

range to approx. 150 mm and arm length: long approx. 40 mm; short approx. 16 mm. 

3. Macro and micronutrients was analyzed by ICP-OES (Inductively coupled plasma-optical emission 

spectrometer) (Fig. 10) quantitative determination, is an elemental analysis technic, and Nt 

determined by pre-treatment with HCl to eliminate carbonates followed by combustion at 1020ºC 

and measurement in a Carlo Erba Elemental Analyzer. 

 

  

Fig. 10 ICP equipment. 
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3. DELIVERABLE ACTION B7 

 

3.1 Olive and kiwi plants inoculated in copper-contaminated field under tunnel at ASTRA 

All these analysis were carried out at field scale, using controlled land portion (plastic tunnel), to test 

the ability of anti-infective peptide to maintain their propriety to control bacterial infections in copper 

contaminated soils. Pathogenicity trials and anti-virulence treatments were carried out on Olive (5 

years old) and Kiwifruit (3 years old) plants in six plastic tunnels (about 400 square meters each) at 

ASTRA (Fig. 11). Citrus was not interesting for Emilia-Romagna region and the climate conditions 

aren’t good for its cultivation. 

 

  

Fig. 11 Kiwi plants (on the left) and olive plants (on the right) under tunnel. 

 

3.1.1 Results on kiwi plants 

The protocol used for inoculation experiments with anti-infective peptides (here reported as 

“polypeptides”) on kiwi plants in copper-contaminated soils was the following: 

Treatment: 08-09-2016  

Relief: 14-10-15 

 

Experimental design: 15 plants for each treatment (3 replicates) 

Score: 
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0 = Symptoms absence 

1 = Mild symptoms 

2 = Symptoms of medium intensity 

3 = Several leaf spots 

4 = plant very damaged 

 

 

Table 2. Results on kiwi plants treated with anti-infective peptides (polypeptides). 

 

 

Fig. 12 Number of plants with symptoms. 
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Fig. 13 Total symptoms (summa of symptoms of different entity) on Kiwi. 

 

Figure 12 and Table 2 showed the number of plant with symptoms on leaves as single replication as 

average. The number of plants with symptoms is lower where anti-infective peptides were applied. The 

Fig. 13 showed the average of symptoms evaluated as the intensity of damages estimated on all plants 

for different treatments: the efficacy of peptides is evident. These experiments demonstrate that on Psa 

the effect of the treatment with anti-infective peptides is statistically. 

 

3.1.2 Results on olive plants 

The protocol used for inoculation experiments with anti-infective peptides (here reported as 

“polypeptides”) on olive plants in copper-contaminated soils was the following: 

Treatment: 08-09-2016  

Relief: 15-11-15 

 

Experimental design: 15 plants for each treatment (3 replicates) 

Score: 

0 = Symptoms absence 

1 = Mild Symptoms 
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Table 3. Result of test using peptides on olive plants 

 

In this experiment was adopted the same methodology for artificial inoculation used on little plants in 

pot. Incisions were made on the branches, and after the bacteria were inoculated with a syringe. The 

table 3 showed as the artificial inoculation of olive plants is difficult because only a third part of plants 

was infected by bacterial. 

The graphic reported in Figure 14 showed the same results. Even if the plants treated with peptides 

seems to have a lower percentage of cancers really is not easy to have the support of data to confirm it. 

 

 

Fig. 14 Graphic on the presence of cancers on olive plants. 
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3.1.3 Results on kiwi plants in open field copper-contaminated 

The implementation of this action entailed a series of difficulties related primarily to the heterogeneous 

presence of bacteria in nature and to the difficulties of treat large areas with anti-infective peptides. It 

was clear that it was not possible to spray bacterial pathogens in open field, on productive plants, so it 

was searched old kiwifruit orchards next slaughter. The farmers did not agree with spraying, so a test 

was realized in Imola (Italy) on the ASTRA fields, in collaboration with Fattoria Soldano, comparing a 

soil on which 3 rows of kiwi plants was planted 12 years ago, with another soil on which kiwi seedling 

was planted 3 years ago (Fig. 15). In the first one a lot of copper treatment had been done during the 

vegetative cycle of the plants while on young plants treatments was made only during second year 

because at the end of the third year plants have to be cutted. 

 

 

Fig. 15 Old plants of kiwi in open field tested in Imola. 

 

The first field had a surface of 1400 sqm (120m x 12m) and the second one a surface of 1600 sqm 

(100m x 16m). Each field was divided in two parts both artificially inoculated with bacteria. On a part 

of the field (both on young and old plants) was applied the anti-infective peptide PSA21. Not all plants 

were treated, but only someone in different sections with the aim to demonstrate a possible interaction 

of copper in the soil with the effectiveness of peptides on the bacterial control. The bacteria were 

sprayed the 5th October, when the temperature were lower and after a raining day. On half plants the 

treatment with  PSA21 was made the 6th October. 
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Fig. 16 Climatic condition at Imola during testing. 

  

 

The climate was characterized by raining (near 75 mm during the month of October) and a temperature 

decreasing from 18°c during the inoculation phase till 10°C fifteen days later and 15°C at the moment 

of reliefs (Fig. 16). At 12th November a relief was made. Not all the plants had leaves damaged and the 

measurement of the different symptoms were not easy on big plants so 20 leaves were taken by 10 

plants for each different treatments to evaluate a difference of efficacy for the polypeptides used in 

different condition of soil (copper). 

 

Evaluation scale of symptoms 

0 = Symptoms absence 

1 = Mild symptoms 

2 = Symptoms of medium intensity 

3 = Several leaf spots 

4 = Plants very damaged 

 

At the middle of December all plants (not interesting for production) were cutted as established at the 

beginning of test.  
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Table 4. Results of test comparing treatments of PSA21 on kiwi plants growing on soil with different amount of 

copper. 

 

Fig. 17 Plants with leaves damaged. 

 

Fig. 18 Total symptoms on different treatments. 

1 2 3 4 5 6 7 8 9 10

Total 

Symptoms

N° of plants with 

leaves damaged

Damage 

average % of leaves damaged

Test on  copper 5 3 0 6 0 3 5 0 4 5 31 7 4,43 15,50%

Polypeptides on  

copper 4 0 0 5 0 4 3 0 4 6 26 6 4,33 13,00%

Test no  copper 0 5 0 4 2 0 5 6 0 3 25 6 4,17 12,50%

Polypeptides no  

copper 0 4 0 3 0 3 5 0 4 5 24 6 4 12,00%
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Fig. 19 Total symptoms on different treatments. 

 

 

Fig. 20 Percentage of leaves damaged. 

 

It’s really important to shed a light to the difficulties encountered in artificial inoculations with 

bacterial pathogen in open filed (low percentage of leaves damaged). No evidence of copper-

contaminated soil was observed in comparison with uncontaminated field during peptide treatments. 

Experiments in open field are not so representative for these objectives, due to a great number of 

variabilities. In relation to this statement, it could be better carry out these tests in controlled condition 

like plastic tunnel previous reported. 
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3.2 Plants inoculated in copper-contaminated field parcel at CEBAS 

3.2.1 Lemon trees 

The CEBAS staff was involved in performing pathogenicity trials on lemon trees in copper-

contaminated field parcels, to test the ability of anti-infective peptides to maintain their propriety to 

control bacterial infections in copper contaminated soils. Results obtained were reported both for 

pathogenicity tests and for the associated chemical analysis. 

 

 

Fig. 21 Lemon plants inoculated with bacteria vs control plants, T 6 months. The arrows indicate the differences in 

height between treatments. 

 

 

Fig. 22 Leaves from plant inoculated with Pss vs leaves of control plants. 

Plants Inoculated with 

p.syr. syr. 

Control plants 

Plants inoculated 
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Fig. 23 Lemon plants infected with Pseudomonas. 

 

 a. Chlorophyll b. Height (cm) c. Trunk diameter (mm) 

Control 0,74 b 150 b 18,3 a 

AP17 0,75 b 139 ab 17,6 a 

Li27 0,76 b 134 ab 16,6 a 

Pss  0,57 a 113 a 15,6 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 5. Chlorophyll, height and trunk diameter in lemon 6 months old in field assay. 
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Fig. 24 Lemon chlorophyll. 

 

Fig. 25 Lemon height. 

 

Fig. 26 Lemon trunk diameter. 

  P (g/100g) 

K 

(g/100g) 

Ca 

(g/100g) S (g/100g) 

Mg 

(g/100g) 

Na 

(g/100g) 

Control 0,14 a 2,49 a  1,24 a 0,17 a 0,16 a 0,010 a 

P. syr. 

syr. 0,16 a 2,87 a 1,42 a 0,21 a 0,23 b 0,016 a 

Ap 17 0,14 a 3,02 a 1,46 a 0,20 a 0,18 ab 0,012 a 

Li 27 0,16 a 3,08 a 1,47 a 0,23 a 0,19 ab 0,008 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05).  

Table 6. Macro and micronutrients in lemon leaves. 
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Fig. 27 Lemon trees with clips of chlorophyll determination. 

 

Fig. 28 Macro and micronutrients in lemon field plants. 

 

 

Fe 

(mg/Kg) 

Mn 

(mg/Kg) 

Control 54,2 a 35,6 a 

Pss 66,8 a 41,9 a 

AP17 79,9 a 48,9 a 

Li27 73,4 a 45,2 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 7.  Micronutrients (Fe, Mn) in lemon leaves. 
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Fig. 29 Micronutrients (Fe, Mn) in lemon field plants. 

 

Cu 

(mg/Kg) 

Cd 

(mg/Kg) 

Zn 

(mg/Kg) 

Pb 

(mg/Kg) 

Cr 

(mg/Kg) 

Ni 

(mg/Kg) 

Control 4,08 a <0,1 a 16,05 a 1,48 a 0,21 a 0,36 a 

Pss 5,50 a <0,1 a 20,50 a 1,66 a 0,37 a 0,37 a 

AP17 3,78 a <0,1 a 19,60 a 2,14 a 0,22 a 0,44 a 

Li27 4,95 a <0,1 a 19,89 a 1,80 a 0,28 a 0,44 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 8.  Heavy metals in lemon leaves. 

 

Fig 30. Heavy metals (Cu, Cd, Zn, Pb, Cr, Ni) in lemon field plants. 

 

Ct 

(g/100g) 

Nt 

(g/100g) 

Control 41,92 a 2,01 a 

Pss 43,01 a 2,23 a 

AP17 41,69 a 1,98 a 

Li27 42,45 a 1,98 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 9. Ct and Nt in lemon leaves in field plants. 
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Fig 31. Ct and Nt in lemon leaves in field plants. 

 

3.2.2 Kiwi plants 

The CEBAS staff was involved in performing pathogenicity trials on kiwi plants in copper-

contaminated field parcels, to test the ability of anti-infective peptides to maintain their propriety to 

control bacterial infections in copper contaminated soils. Results obtained were reported both for 

pathogenicity tests and for the associated chemical analysis. 

 

 

 

Fig. 32 Kiwi plants inoculated with Psa. Kiwi plants treated with PSA21 peptide (on the right) and untreated (on the left). 
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Fig. 33 Kiwi leaves inoculated with Psa at T 6 months. Untreated (on the left) and treated with PSA21 (on the right). 

 a. Chlorophyll b. Height (cm)* c. Trunk diameter (mm) 

Control 0,77 b -- 10,6 a 

PSA21 0,78 b -- 11,9 a 

Psa 0,68 a -- 11,0 a 
*no measured in kiwi trees. Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 10. Chlorophyll, height and trunk diameter in kiwi 6 months old in field assay. 

 

 

Fig. 34 Kiwi chlorophyll. 

 

Fig. 35 Kiwi trunk diameter. 
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P (g/100g) K (g/100g) 

Ca 

(g/100g) 
S (g/100g) 

Mg 

(g/100g) 

Na 

(g/100g) 

Control 0,265 b 3,060 ab 1,576 ab 0,561 ab 0,420 a 0,085 b 

Psa 0,180 a  2,474 a 1,369 a 0,470 a 0,397 a 0,053 a 

PSA21 0,273 b 3,462 b 1,824 b 0,713 b 0,489 a 0,080 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 11. Macro and micronutrients in kiwi leaves. 

 

Fig. 36 Macro and micronutrients (P, K, Ca, S, Mg and Na) in kiwi leaves. 

 

 

 

Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 12. Micronutrients (Fe, Mn) in kiwi leaves. 

 

Fig. 37 Micronutrients (Fe, Mn) in kiwi leaves. 
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Cu 

(mg/Kg) 

Zn 

(mg/Kg) 

Pb 

(mg/Kg) 

Cr 

(mg/Kg) 

Ni 

(mg/Kg) 

Cd 

(mg/Kg) 

Control 7,16 a 34,28 a 10,36 a 2,29 a 1,22 a <0,1 a 

Psa 7,10 a 53,26 b 11,51 a 2,46 a 1,23 a <0,1 a 

PSA21 8,53 a 35,33 a 9,69 a 2,31 a 1,44 a <0,1 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 13. Heavy metals in Kiwi leaves 

 

Fig. 38 Heavy metals (Cu, Zn, Pb, Cr, Ni, Cd) in kiwi  leaves. 

  

Ct 

(g/100g) 

Nt 

(g/100g) 

Control 43,2 ab 2,02 a 

P. syr. act. 44,5 b 1,93 a 

Psa 21 42,7 a 2,03 a 
 

Table 14. Ct and Nt in Kiwi leaves. 

 

Fig. 39 Ct and Nt in kiwi leaves. 
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3.2.3 Olive plants 

The CEBAS and Fattoria Soldano personell have been involved in performing pathogenicity trials on 

olive plants in copper-contaminated field parcels, to test the ability of anti-infective peptides to 

maintain their propriety to control bacterial infections in copper contaminated soils. Results obtained 

were reported both for pathogenicity tests and for the associated chemical analysis. 

 

 

Fig. 40 Olive in field experiments. 

 a. Chlorophyll b. Height (cm) c. Trunk diameter (mm) 

Control 0,73 a 180 a 16,70 a 

AP17 0,78 b 174 a 14,43 a 

Li27 0,77 b 175 a 13,99 a  

Psv 0,76 ab 183 a 15,92 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 15.  Chlorophyll, height and trunk diameter in olive 6 months old in field assay. 
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Fig. 41 Olive trees chlorophyll. 

 

Fig. 42 Olive trees height. 

 

Fig. 43 Olive trees trunk diameter. 

  P (g/100g) K (g/100g) 

Ca 

(g/100g) S (g/100g) 

Mg 

(g/100g) 

Na 

(g/100g) 

Control 0,39 a 1,56 a 0,66 a 0,16 a 0,11 a 0,015 a 

Psv 0,33 a 1,65 a 0,50 a 0,14 a 0,11 a 0,011 a 

AP17 0,40 a 1,67 a 0,73 a 0,16 a 0,12 a 0,022 a 

Li27 0,37 a 1,66 a 0,68 a 0,16 a 0,12 a 0,013 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 16. Macro and micronutrients in olive leaves. 
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Fig. 44 Macro and micronutrients (P, K, Ca, S, Mg and Na) in olive leaves. 

 

Fe 

(mg/Kg) 

Mn 

(mg/Kg) 

Control 49,34 a 45,33 a 

Psv 50,74 a 45,30 a 

AP17 75,40 a 52,96 a 

Li27 56,59 a 50,73 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 17.  Micronutrients (Fe and Mn) in olive leaves. 

 

Fig. 45 Macro and micronutrients (Fe, Mn) in olive leaves. 

 

Cu 

(mg/Kg) 

Zn 

(mg/Kg) 

Pb 

(mg/Kg) 

Cr 

(mg/Kg) 

Ni 

(mg/Kg) 

Cd 

(mg/kg) 

Control 7,25 a 27,04 a 1,04 a 0,20 a 0,16 a 0,0 a 

Psv 8,47 a 28,32 a 0,93 a 0,09 a 0,09 a 0,0 a 

AP17 8,57 a 27,23 a 1,27 a 0,21 a 0,14 a 0,0 a 

Li27 6,64 a 28,33 a 1,17 a 0,12 a 0,06 a 0,0 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 18. Heavy metals in Olive leaves 
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Fig. 46 Heavy metals (Cu, Zn, Pb, Cr, Ni, Cd) in olive leaves. 

 

 

Nt 

(g/100g) 

Ct 

(g/100g) 

Control 2,26 a 47,85 a 

Psv 2,18 a 48,76 a 

AP17 2,32 a 48,63 a 

Li27 2,42 a 48,27 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 32. Ct and Nt in Kiwi leaves. 

 

Fig. 47 Ct and Nt in kiwi leaves. 
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Fig. 48 Infection level in plants 6 month old in field experiment. 
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4. CONCLUSIONS 

 

4.1 About symptoms in plant 

In field experiments carried out both in Italy and in Spain, the disease development on different crops 

can be observed by the appeared symptoms on trees. In general, we can say that the field tests 

conducted in copper-contaminated soil with growing kiwi, lemon and olive trees, inoculated with the 

corresponding pathogenic bacteria, followed a pattern of behavior similar to that shown in the 

uncontaminated fields. The kiwifruit, in our conditions, is the most susceptible crop to the disease, of 

the three tested culture. The olive tree is the one that needs more time to develop abnormal tumors 

generated by the bacterial disease. Lemon three was also negatively affected by the new bacterium 

used in this assay. 

It was also observed that the anti-infective peptides may have a positive effect to combat diseases 

associated with pathogenic bacteria and their activity are not affected by the presence of copper in the 

soil. It must be highlighted that the Kiwifruit is again the crop that is most affected by pathogenic 

bacteria, and wherein the peptide tested best answers. It was also observed that greenhouse trials 

showed an experiment variability lesser than field assays. It must be kept in mind that results are 

affected by many factors such as the plant species and environmental conditions. 

Field experiment has been carried out in adverse conditions in Spain. The weather during this two 

years experiment, and particularly in the area where crops are grown, has been quite severe and 

strange; it has been very dry, with a clear rainfall shortage and higher temperatures than usual. This 

type of situation can be responsible of this strange behavior of the assayed crops and treatments (tree 

diseases, and treatments performed such as inoculation of pathogenic bacteria and peptides). Despite to 

working in these conditions, we think that our results are suitable for a very comprehensive 

monitoring. 

 

In conclusions, we can affirm that anti-infective peptides are widely suitable in agricultural practice to 

control bacterial diseases, even in heavily contaminated field by copper salts. 

 

4.2 Chlorophyll 

Chlorophyll fluorescence is light re-emitted by chlorophyll molecules during return from excited to 

non-excited states and used as indicator of photosynthetic energy conversion in higher plants, algae 

and bacteria. Excited chlorophyll dissipates the absorbed light energy by driving photosynthesis 

(photochemical energy conversion), as heat in non-photochemical quenching or by emission as 

https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Non-photochemical_quenching
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fluorescence radiation. As these processes are complementary processes, analysis of chlorophyll 

fluorescence is an important tool in plant research with wide spectra of applications. 

The term stress is usually defined as the state of a plant under the condition of a force applied by the 

stress factor(s). Because the stress is defined solely in terms of plant responses, it is sometimes called a 

strain and defined as the response to the stress factor and to the force applied to the plant. Two major 

types of the plant stress are recognized, called abiotic and biotic. Chlorophyll fluorescence in plant 

could be indicative of the stress physiology biotic stress. The abiotic stress is caused by physical and 

chemical factors, such as high irradiance, high and low temperatures, water shortage, nutrient 

deficiency, and also anthropogenic factors, such as pesticides, air pollutants, ozone and photochemical 

smog, formation of highly reactive species, acid rains, heavy metal load, global climate change, etc. 

The biotic stress includes the defoliation by herbivores, the proliferation of pathogens (viruses, 

microbes) and fungi, such as mycorrhizas. Environmental conditions that are stressful for one plant 

may not be stressful for another. If plant tolerance increases as a result of exposure to a prior stress, the 

plant tends to be acclimated to the stress factor. 

As we have noted previously, values less of 0.83 would indicate stress in plants (Bjorkman y 

Demming 1987; Maxwell y Johnson 2000).  We have to indicate that our field conditions could be 

certainly considered as “stress conditions”, because plants have undergone high temperature and 

drought conditions. For this reason, in all cases for lemon, kiwi, and olive plants we have obtained 

values bellow 0.83, so, stress is present in all treatments. But, on the other hand, exist significantly 

differences between control and peptides vs. bacteria, and this could be considered as an important 

aspect.  

This difference is more significant in lemon plants (0.74 control vs 0.57 bacteria). Kiwi plants are most 

sensitive to climate in the Mediterranean area where they were grown, however lemon plants infected 

with Pss shown Fv/Fm index lower than kiwi and olive plants.  

 

4.3 Height and Trunk diameter 

We were unable to obtain values of kiwi plants due its growing system. In lemon plants there are 

significantly differences between control and peptides vs control. Olive plants don’t show significant 

differences between treatments. In all cases, there are no significantly differences in trunk diameter 

parameter between control, peptides and pathogenic bacteria treatments. 

We want to indicate that in field experiments it can be important to observe the trend for some 

parameters, because the huge variability of the system makes very difficult to have statistic 

differences.   
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4.4 Macro and micronutrients 

There are no significantly differences in lemon and olive plants. Kiwi plants show significant 

differences for P, K, Ca, S, Na between control and peptide vs Psa plants. It could be indicative that on 

this type of plants, the effect of the inoculation (bacteria or peptides) can affect to the macro and 

microelements leaf concentration. 

It must be noted that of the three crops tested, kiwi plants are the most sensitive for each parameter. 

This is possibly due to the fact that kiwi plants are not adapted to our arid and semi-arid climate, but 

olive and lemon plants are more adapted to these environmental conditions. 
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