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1. INTRODUCTION 

 

Bacteria are single-celled microorganisms, generally ranging from 1-2 µm in size that cannot be seen 

with the unaided eye. Plant associated bacteria may be beneficial or detrimental. All plant surfaces 

have microbes on them (termed epiphytes), and some microbes live inside plants (termed endophytes). 

Some are residents and some are transient. Bacteria are among the microbes that successively colonize 

plants as they mature. Individual bacterial cells cannot be seen without the use of a microscope; 

however, large populations of bacteria become visible as aggregates in liquid, as biofilms on plants, as 

viscous suspensions plugging plant vessels, or colonies on petri dishes in the laboratory. For beneficial 

purposes or as pathogens, populations of 106 CFU (colony-forming units/milliliter) or higher are 

normally required for bacteria to function as biological control agents or cause infectious disease. 

Plant pathogenic bacteria cause many serious diseases of plants throughout the world (Vidhyasekaran 

2002), but fewer than fungi or viruses, and they cause relatively less damage and economic cost 

(Kennedy and Alcorn 1980). Most plants, both economic and wild, have innate immunity or resistance 

to many pathogens. However, many plants can harbor plant pathogens without symptom development 

(asymptomatic). 

Mechanisms of pathogenicity of bacterial plant pathogens are becoming well known (Ahlemeyer and 

Eichenlaub 2001, Burger and Eichenlaub 2003). Virulence and pathogenicity genes may be harbored 

in different replicons (independent replicating units), such as spread throughout the chromosome(s) or 

in specialized areas termed genomic or pathogenicity islands (Arnold et al. 2003), in bacterial viruses 

integrated in the chromosome or in a 'carrier' state, and on one or more extra-chromosomal elements 

(plasmids). The functions of most genes, including those on extra-chromosomal elements, are not 

known and it's estimated that each bacterium has about 40% of its genome devoted to unique genes. 

Population development must normally occur for many bacteria to survive and infect plants. Infectious 

doses normally are in the millions of cells. In several cases, and perhaps all, the cells communicate 

chemically with one another (quorum sensing) and with other species. These chemical sensing 

molecules are under intensive study (Federle and Bassler 2003). In some cases, and perhaps most, 

microorganisms organize in dense growths to form biofilms that tightly adhere to surfaces, serving as 

protectants against the elements and enabling cells to produce a favorable environment for survival and 

spread. 

Commercial transgenic plants and those in development depend heavily on the use of a “disarmed” 

pathogen, Agrobacterium tumefaciens, as a vector to insert a gene(s) of interest. Many challenges 

remain in transformation of certain plant varieties and species, as well as predictable and stable 
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expression of transgenes (Gelvin 2003). Challenges and opportunities for the future in plant 

microbiology abound (Vidaver 1999). The best is yet to come. For example, one of the current 

challenges is providing healthy plants for humans during long-term space travel and exploration (Ferl 

et al. 2002). 

 

1.1 Pseudomonas syringae diseases 

Pseudomonas syringae is a rod-shaped, Gram-negative bacterium with polar flagella. As a plant 

pathogen, it can infect a wide range of species, and exists as over 50 different pathovars, all of which 

are available to researchers from international culture collections such as the NCPPB, ICMP, and 

others. It is unclear whether these pathovars represent a single species. 

P. syringae is a member of the Pseudomonas genus, and based on 16S rRNA analysis, it has been 

placed in the P. syringae group (Morton, 2011). It is named after the lilac tree (Syringa vulgaris), from 

which it was first isolated.  

P. syringae tests negative for arginine dihydrolase and oxidase activity, and forms the polymer levan 

on sucrose nutrient agar. Many, but not all, strains secrete the lipodepsinonapeptide plant toxin 

syringomycin (Beutel, 1997) and it owes its yellow fluorescent appearance when cultured in vitro on 

King's B medium to production of the siderophore pyoverdin. P. syringae also produces Ina proteins 

which cause water to freeze at fairly high temperatures (-4 °C to -2 °C), resulting in injury to plants 

(Deverson et al., 2005). Since the 1970s, P. syringae has been implicated as an atmospheric 

"biological ice nucleator", with airborne bacteria serving as cloud condensation nuclei. Recent 

evidence has suggested the species plays a larger role than previously thought in producing rain and 

snow. They have also been found in the cores of hailstones, aiding in bioprecipitation (Green, 2002). 

These Ina proteins are also used in making artificial snow.  

P. syringae pathogenesis is dependent on effector proteins secreted into the plant cell by the bacterial 

type III secretion system. Nearly 60 different type III effector families encoded by hop genes have 

been identified in P. syringae (Yang et al., 2009). Type III effectors contribute to pathogenesis chiefly 

through their role in suppressing plant defense. Owing to early availability of the genome sequence for 

three P. syringae strains and the ability of selected strains to cause disease on well-characterized host 

plants, including Arabidopsis thaliana, Nicotiana benthamiana, and tomato, P. syringae has come to 

represent an important model system for experimental characterization of the molecular dynamics of 

plant-pathogen interactions. 
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1.1.1 Epidemiology 

Disease by P. syringae tends to be favoured by wet, cool conditions—optimum temperatures for 

disease tend to be around 12–25 °C, although this can vary according to the pathovar involved. The 

bacteria tend to be seed-borne, and are dispersed between plants by rain splash. Although it is a plant 

pathogen, it can also live as a saprotroph in the phyllosphere when conditions are not favourable for 

disease (Ferguson, 1999). Some saprotrophic strains of P. syringae have been used as biocontrol 

agents against postharvest rots.  

 

1.1.2 Mechanisms of pathogenicity 

The mechanisms of Pseudomonas syringae pathogenicity can be separated into several categories: 

ability to invade a plant, ability to overcome host resistance, biofilm formation and production of 

proteins with ice-nucleating properties. 

 

1.1.3 Ability to invade plants 

Pseudomonas syringae is able to enter plants by using their flagella and pili to swim towards a target 

host. It enter the plant via wounds of natural opening sites, as it is not able to breach the plant cell wall. 

The role of taxis in P. syringae has not been well-studied, however it is thought that the bacteria use 

chemical signals released by the plant to find their host and cause infection. 

 

1.1.4 Pathovars 

Following ribotypical analysis, incorporation of several pathovars of P. syringae into other species was 

proposed (see P. amygdali, P. tomato, P. coronafaciens, P. avellanae, P. helianthi, P. tremae, P. 

cannabina, and P. viridiflava). According to this schema, the remaining pathovars are: 

 Pseudomonas syringae pv. aceris attacks maple Acer species. 

 Pseudomonas syringae pv. actinidiae attacks kiwifruit Actinidia deliciosa. 

 Pseudomonas syringae pv. aesculi attacks horse chestnut Aesculus hippocastanum, causing 

Bleeding canker of horse chestnut. 

 Pseudomonas syringae pv. aptata attacks beets Beta vulgaris. 

 Pseudomonas syringae pv. atrofaciens attacks wheat Triticum aestivum. 

 Pseudomonas syringae pv. dysoxylis attacks the kohekohe tree Dysoxylum spectabile. 

 Pseudomonas syringae pv. japonica attacks barley Hordeum vulgare. 

 Pseudomonas syringae pv. lapsa attacks wheat Triticum aestivum. 

 Pseudomonas syringae pv. panici attacks Panicum grass species. 
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 Pseudomonas syringae pv. papulans attacks crabapple Malus sylvestris species. 

 Pseudomonas syringae pv. phaseolicola causes Halo blight of bean 

 Pseudomonas syringae pv. pisi attacks peas Pisum sativum. 

 Pseudomonas syringae pv. syringae attacks Syringa, Prunus and Phaseolus species. 

 Pseudomonas syringae pv. glycinea attacks soybean Glycine max, causing Bacterial Blight of 

Soybean. 

 

However, many of the strains for which new species groupings were proposed continue to be referred 

to in the scientific literature as pathovars of P. syringae, including pathovars tomato, phaseolicola, and 

maculicola. Pseudomonas savastanoi was once considered a pathovar or subspecies of P. syringae, 

and in many places continues to be referred to as Pseudomonas syringae pv. savastanoi, although as a 

result of DNA-relatedness studies, it has been instated as a new species. It has three host-specific 

pathovars: fraxini (which causes ash canker), nerii (which attacks oleander), and oleae (which causes 

olive knot). 

 

1.2 The case bacterial canker of kiwifruit 

The kiwifruit or Chinese gooseberry (sometimes shortened to kiwi) is the edible berry of a woody vine 

in the genus Actinidia (Morton, 2011; Stirk, 2005). The most common cultivar group of kiwifruit 

('Hayward') (Beutel, 1997) is oval, about the size of a large hen's egg (5–8 cm (2.0–3.1 in) in length 

and 4.5–5.5 cm (1.8–2.2 in) in diameter). It has a fibrous, dull greenish-brown skin and bright green or 

golden flesh with rows of tiny, black, edible seeds. The fruit has a soft texture and a sweet but unique 

flavor, It is a commercial crop in several countries, such as Italy, New Zealand, Chile, Greece, and 

France.  

Kiwifruit is native to north-central and eastern China. Cultivation of the fuzzy kiwifruit spread from 

China in the early 20th century to New Zealand, where the first commercial plantings occurred 

(Morton, 2011). Although cultivars were called by a variety of Chinese names, such as yang tao, 

(Morton, 2011) the name "Chinese gooseberry" became commonplace, due to the flavor and color of 

the flesh, among growers in England and New Zealand during the early 20th Century,(Morton, 2011; 

Green, 2002) as well with American servicemen stationed in New Zealand during World War II 

(Morton, 2011). The fruit was exported to California using the names "Chinese gooseberry" and 

"melonette". In 1962, New Zealand growers began calling it "kiwifruit" to give it more market appeal, 

followed by a California-based importer also using the name, "kiwifruit", to introduce the fruit to the 

American market 
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Kiwifruit has since become a common name for all commercially grown fruit from the genus 

Actinidia.  

 

1.2.1 Cultivars 

The genus Actinidia contains around 60 species. Though most kiwifruit are easily recognized as 

kiwifruit (due to basic shape) their fruit is quite variable. The skin of the fruit can vary in size, shape, 

hairiness, and color. The flesh can vary in color, juiciness, texture, and taste. Some fruits are 

unpalatable while others taste considerably better than the majority of the commercial varieties 

(Morton, 2011; Green, 2002). 

The most common kiwifruit is the fuzzy kiwifruit, from the species A. deliciosa. Other species that are 

commonly eaten include golden kiwifruit (A. chinensis), Chinese egg gooseberry (A. coriacea), baby 

kiwifruit (A. arguta), Arctic kiwifruit (A. kolomikta), red kiwifruit (A. melanandra), silver vine (A. 

polygama), purple kiwifruit (A. purpurea). 

 

1.2.2 Cultivation 

Kiwifruit can be grown in most temperate climates with adequate summer heat. Where fuzzy kiwifruit 

(A. deliciosa) is not hardy, other species can be grown as substitutes. 

 

1.2.3 Breeding 

Often in commercial farming, different breeds are used for rootstock, fruit bearing plants, and 

pollinators (Morton, 2011). Here fore, the seeds produced are crossbreeds of their parents. Even if the 

same breeds are used for pollinators and fruit bearing plants, there is no guarantee that the fruit will 

have the same quality as the parent. Additionally, seedlings take seven years before they flower, so 

determining whether the kiwi is fruit bearing or a pollinator is time consuming. Therefore, most 

kiwifruits, with the exception of rootstock and new cultivars, are propagated asexually. This is done by 

grafting the fruit producing plant onto rootstock grown from seedlings or, if the plant is desired to be a 

true cultivar, rootstock grown from cuttings of a mature plant. 

 

1.2.4 Pests and diseases 

Pseudomonas syringae pv. actinidiae (Psa) was first identified in Japan in the 1980s. This bacterial 

strain has been controlled and managed successfully in orchards in Asia. In 1992, it was found in 

northern Italy. In 2007/2008, economic losses were observed, as a more virulent strain became more 

dominant (PSA V) (Watson, 2011; Hembry, 2011). In 2010 it was found in New Zealand's Bay of 
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https://en.wikipedia.org/wiki/Actinidia_chinensis
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https://en.wikipedia.org/wiki/Actinidia_kolomikta
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https://en.wikipedia.org/wiki/Crossbreed
https://en.wikipedia.org/wiki/Seedling
https://en.wikipedia.org/wiki/Cultivar
https://en.wikipedia.org/wiki/Asexual_reproduction
https://en.wikipedia.org/wiki/Pseudomonas_syringae
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Plenty kiwifruit orchards in the North Island. Scientists reported they had worked out the strain of PSA 

affecting kiwifruit from New Zealand, Italy, and Chile originated in China 

 

1.3 In vivo performances of anti-virulence peptides 

In this action, we took care to demonstrate the in vivo efficacy of anti-infective peptides, by optimised 

field treatments on several model plants (Olive, Kiwifruit and Citrus) in order to replace the 

application of copper compounds in conventional and organic agriculture. Indeed, this project will aim 

to demonstrate the use of innovative anti-infective peptide-based molecules for the environmentally 

friendly and sustainable control of bacterial diseases of plants. These objectives were pursued to avoid 

the environmental risks caused by the use of these compounds for plant protection by bacterial 

phytopathogens, and according to restrictions recently established on this topic within the EU 

countries. 

To this aim, co-inoculation assay of the model phytopathogenic Pseudomonas bacteria here with anti-

infective peptides were performed on their specific host plants. Their anti-infective proprieties were 

assessed and evaluated for Psv, Psa and Pss, on Olive, Kiwifruit and Citrus, respectively. 

The in vivo activity of anti-infective peptides was be quantitatively assessed by comparing the results 

of pathogenicity trials carried out on treated and untreated plants. Moreover, a deep chemical analysis 

was carried out on the leaves of kiwifruit, olive and lemon trees to observe any differences existing 

between peptide-treated and untreated plants. 
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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 1). 

 

   

Psv Psa Pss 

Fig. 1 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. 
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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. At the end of this preliminary study, we identified 60 µM as the minimum 

active concentration for best results. 

 

2.2 Inoculation methods 

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

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

CEBAS (Spain) and Fattoria Soldano (Italy). 

The ASTRA procedure (Fig. 2) 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). All plants 

were maintained at a temperature above 20°C. 

The procedure adopted by CEBAS and Fattoria Soldano was the same (Fig. 3). 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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Fig. 2 Inoculation procedure for olive plants in greenhouse. (On the left) Some leaves were removed from the plant; (on 

the right) the inoculation of bacterial suspension were made by micropipette. 

 

 

Fig. 3 Inoculation method for kiwi plants in field parcel. Removing leaves (on the left), bacterial inoculation (in the 

middle) and wound produced (on the right). 

 

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. 
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Fig. 4 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 4. 

 

   

Fig. 5 Fluorimeter equipment. 

 

For this, special pins (Fig. 4) 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: 

Exposure area 

Pin 

Closing plate 

Sensor position ring 

Foam filler 
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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. 6) 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. 6 ICP equipment. 
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3. DELIVERABLE ACTION B6 

 

3.1 Plants inoculated in greenhouse at ASTRA and Fattoria Soldano 

3.1.1 Kiwi potted plants naturally inoculated with Psa and treated with PSA21 

ASTRA represent a test facility which leads several tests both in GLP and GEP with the aim at 

verifying the new formulations of several diseases of different agricultural species. ASTRA did 

experience on natural infection of kiwi plants due to Psa into a project where this bacterial where 

studied in Emilia-Romagna region. A lot of plants were put under the old ill plants of kiwi in open field 

at a private farm in Imola (Bologna, Italy) when had appeared exudation (Fig. 7). The plants stayed in 

field for a period of a week; during this period two infective rainfall were registered (Fig 8). The 

inoculum of PSA21 was made after the second infective rainfall (Fig.9). After inoculation, the plants 

were removed from field and put under a tunnel with shading net to develop infective symptoms. 

 

 

Fig. 7 Young kiwi plants were put under old ill plant to promote the infection. 

 

Fig. 8 Climatic data Imola (Bologna, Italy) in 2015. 
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Fig. 9 The inoculum of peptides was made after the second infective rainfall. 

 

The experiment have allowed interesting results. All plants had symptoms of bacterial disease 

demonstrating the efficacy of natural infection. There was a different level of damage (Fig. 10) 

depending from several aspects not all known but it was clear that the plants treated with peptides were 

minus attached than the test plants (Table 2 and Fig. 11). 

 

  

Fig. 10 Damages on leaves due to Psa after infective rainfall. (On the lest) After 2 days of infective rainfall (Test 1); (On 

the right) after 1 days of infective rainfall. 

 

 

Fig.11 Plants treated with peptides after an infective rainfall (20-04-2015). 
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Table 2. Data on the effects of PSA21 on kiwi plants naturally inoculated. 

 

The graphic in Figure 12 show a variability beetween different plants and it is not possible to assert 

that the damages on plants is the same because the reliefs using an evaluation scale show damages on 

leaves becaming from 2  to 4 with a lot great variability. It is remarkable that the plants treated with 

peptides have a damages values becoming from 1,3 to 2,8. After some months the new leaves not have 

the same damages so was formulated the hipothesis that Psa haven’t a systemic diffusion on Hayward 

variety. 

Test. 1 Peptides 2015 - Kiwi plants in pots

polipeptides treatments: 20-4-15

Symptom reliefs: 7-5-15

Damage evaluation scale

0 = no symptoms

1 = mild symptoms

2 = medium intensity symptoms

3 = plant affected, with numerous leaf spots

4 = seriously affected plant

Test 1 (in field from 17-4-15 to 6-5-15)

Replication A 4 4 4 4 4 4 4 4 32 4 Total 32 plants

Replication B 3 - 3 3 3 3 3 3 21 3

Replication C 3 4 3 4 3 3 3 3 26 3,25

Replication D 3 3 2 2 2 2 2 2 18 2,25

97 3,13 3,0

Test 1 (in field from 20-4-15 to 6-5-15)

Replication A 3 3 3 2 3 3 3 20 2,86 Total 28 Plants

Replication B 3 3 3 3 3 3 3 21 3

Replication C 2 3 3 2 3 3 3 19 2,71

Replication D 2 3 3 3 2 2 2 17 2,43

77 2,75 2,75

Peptides (in field from 20-4-15 to 6-5-15)

Replication A 1 2 2 2 2 1 1 3 14 1,75 Total 60 plants

Replication B 2 2 2 2 2 3 2 2 17 2,13

Replication C 2 3 3 3 2 2 2 2 19 2,38

Replication D 3 3 2 3 3 3 2 2 21 2,63

Replication E 1 1 1 1 1 2 2 9 1,29

Replication F - 1 3 2 1 1 3 11 1,83

Replication G 2 1 1 1 1 1 1 8 1,14

Replication H 2 2 3 3 3 3 3 19 2,71

118 1,98 2

Total plants on trial 120 plants 
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Fig. 12 Graphics on the effect of peptides in reducing PSA damages. 

 

3.1.2 Artificial inoculation of kiwi plants in pots 

With the aim to be certain that kiwi plants were not treated with copper salts, ASTRA bought small 

size Hayward variety. The experimental design has provided for the following protocol: 

Number of plants: 80 (40 treated with PSA21, 40 untreated) 

Treatment: 19-5-15 

Reliefs: 12-6-15 

 

Fig. 13 Graphics on the effect of peptides in reducing PSA damages in plant artificially inoculated. 
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Data obtained by this protocol (Fig. 13 and Table 3) have been different in comparison with the natural 

inoculation of the previous section (3.1.1). It was observed that the artificial inoculation generated 

acceptable results (almost the all kiwi plants were infected). 

 

 

Table 3. Data on the effects of peptides on kiwi plants artificially inoculated. 

  

3.1.3 Artificial inoculation of kiwi plants in pots using activator and tackifier 

The solution to treat kiwi plants with anti-infective peptides required an optimization of the formula 

used into the field, with the aim to protect peptides against air oxidation (activator) and to increase 

their water-resistant (tackifier) during raining days. As activator, we decided to use tannin extract by 

Test. 2 Peptides 2015 - Kiwi plants in pots

polipeptides treatments: 19-5-15

Symptom reliefs: 12-6-15

Damage evaluation scale

0 = no symptoms

1 = mild symptoms

2 = medium intensity symptoms

3 = plant affected, with numerous leaf spots

4 = seriously affected plant

Plants infecteted with PSA without peptides

Replication A 3 2 3 3 4 - 3 3 2 2 25 2,778 total 40 plants

Replication B 3 2 1 3 3 3 2 3 1 2 23 2,300

Replication C 4 3 - 2 3 4 3 3 3 2 27 3,000

Replication D 3 4 2 3 2 1 2 2 4 2 25 2,500

100 2,644

Plants infecteted with PSA treated with peptides

Replication A 3 2 2 2 - 3 1 3 2 3 1 22 2,444 total 40 plants

Replication B 3 2 2 2 3 3 2 2 1 3 2 25 2,500

Replication C 2 1 3 3 2 2 2 2 1 3 2 23 2,300

Replication D 3 3 2 3 3 3 2 2 - 2 3 26 2,889

96 2,533

Total 80 plants 
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chestnut. As tackifier, we used a commercial product for organic farming, to keep pesticides more 

adherent to the treated leaves. The protocol of treatments used for this test was the following: 

The protocol used for this assay is the following: 

Treatments for 147 kiwi plants: 

1. Test inoculated without treatments 

2. Treatment with activator 

3. Treatments with activator + tackifiers 

4. Treatments with activator + tackifiers 

5. Treatments with PSA21 (reported as peptides) 

6. Treatment with activator + PSA21 (reported as peptides) 

7. Treatments with activator + tackifiers + PSA21 (reported as peptides) 

 

Treatment: 26-6-15 

Relief: 10-09-15 

Evaluation scale of symptoms: 

0 = Symptoms absence, 

1 = Mild Symptoms, 

2 = Symptoms of medium intensity, 

3 = Several leaf spots, 

4 = Plants very damaged 

 

 

Table 4. Data on the effects of peptides (PSA21), activator and tackifier on kiwi plants artificially inoculated. 
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The table 4 showed the success of artificial inoculation on kiwi plants and the reduction of symptoms 

induced by the mixture of PSA21 (peptides) with activator and tackifiers. The Figure 14 showed the 

affected plants for different treatments as average of three blocks. 

 

 

Fig.14 Plants with symptoms of Psa: average of three replication.
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Table 5. Intensity of damages on Kiwi leaves. Average for each treatment and replication. 

 

Fig. 15 Kiwi plants artificially inoculated with symptoms of Psa associated to several treatments. 

Plants 1 2 3 4 5 6 7

Average 

1th block 8 9 10 11 12 13 14

average 

2nd block 15 16 17 18 19 20 21

average 3rd 

block

Global 

average

Activator 2 2 1 2 2 3 3 2,14 3 1 2 1 2 2 0 1,83 3 2 1 3 1 2 3 2,14 2,04

Activator +tackifiers 2 1 2 2 2 3 2 2,00 3 2 2 2 2 1 3 2,14 3 1 2 1 3 1 2 1,86 2,00

Test 2 2 3 2 3 1 2 2,14 2 3 2 3 3 2 1 2,29 3 2 3 2 2 0 3 2,50 2,31

Tackifiers 2 3 2 3 3 2 1 2,29 2 2 2 2 0 2 3 2,17 2 2 3 1 1 2 0 1,83 2,10

Peptides 2 1 3 2 0 2 1 1,57 2 2 0 0 2 1 2 1,80 3 3 2 2 2 1 3 2,29 1,89

Peptide + tackifiers 2 1 2 0 1 2 2 1,43 2 3 2 0 0 3 0 2,50 3 2 1 0 2 1 2 1,83 1,92

Peptides + activator+tackifiers 2 1 2 0 2 3 2 1,71 2 2 0 0 2 2 2 2,00 2 3 1 2 0 2 3 2,17 1,96
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Table 6. Intensity of damages on Kiwi leaves: medium value for each treatment and replication 

 

  

Fig. 16 Intensity of damage on Kiwi plants artificially inoculated with symptoms of PSA associated to several treatments.

Piante 1 2 3 4 5 6 7

Average 

1th block 8 9 10 11 12 13 14

average 

2nd block 15 16 17 18 19 20 21

average 3rd 

block

Global 

average

Activator 2 2 1 2 2 3 3 2,14 3 1 2 1 2 2 0 1,57 3 2 1 3 1 2 3 2,14 1,95

Activator +tackifiers 2 1 2 2 2 3 2 2,00 3 2 2 2 2 1 3 2,14 3 1 2 1 3 1 2 1,86 2,00

Test 2 2 3 2 3 1 2 2,14 2 3 2 3 3 2 1 2,29 3 2 3 2 2 0 3 2,14 2,19

Tackifiers 2 3 2 3 3 2 1 2,29 2 2 2 2 0 2 3 1,86 2 2 3 1 1 2 0 1,57 1,90

Peptides 2 1 3 2 0 2 1 1,57 2 2 0 0 2 1 2 1,29 3 3 2 2 2 1 3 2,29 1,71

Peptide + tackifiers 2 1 2 0 1 2 2 1,43 2 3 2 0 0 3 0 1,43 3 2 1 0 2 1 2 1,57 1,48

Peptides + activator+tackifiers 2 1 2 0 2 3 2 1,71 2 2 0 0 2 2 2 1,43 2 3 1 2 0 2 3 1,86 1,67

Block1 Block2 Block3
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The Figure 15 showed the average of symptoms considered as the intensity of damages estimated on 

affected plants for different treatments. The Figure 16 showed the average of symptoms considered as 

the intensity of damages estimated on all plants for different treatments. 

The differences between the treatments were not so evident, nevertheless particularly in Figure 16 is 

possible to look a lower damage intensity on kiwi leaves due to the treatment peptide + tackifier. A 

new study will be necessary to understand these results. Nevertheless, all treatments containing PSA21 

(peptides) had better results than ones without them. 

 

  

  

  

Fig. 17 Treatments 
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3.1.4 Artificial inoculation of olive plants in pots 

During the spring of 2015, ASTRA technicians visited an Olive nursery in different sides of Emilia-

Romagna to evaluate the type and the size of plants. At the end of this phase, olive plants were bought 

in Cesena in a nursery that usually made micropropagation and acclimatization. 

The protocol of the test was the following: 

Number of plants: 80 (40 treated with AP17 and Li27, 40 untreated) 

Treatment: 29-5-15  

Relief: 10-09-15  

Evaluation scale of symptoms: 

0 = Symptoms absence 

1 = Presence of proliferation. 

All plants were maintained at a temperature above 20 ° C. 

 

 

Fig. 18 Bacterial inoculation. Micropipette injection (on the left); covering with parafilm to protect the wound (on the 

right). 
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Table 7. Relief on the symptom presence. 

 

As it can be seen in Table 7 and Figure 19, it was not possible to observe significant differences 

between treated (67.50%) and untreated (65.00%) olive plant, probably due to the characteristics of 

Olive (woody). The high percentage of plants without symptoms in both thesis leads to affirm that 

artificial inoculation of olive trees is less effective than that observed in the Kiwi plants. 

 

 

Fig. 19 Reliefs of infected plants. 

 

With the aim to find some positive differences between the plants treated with AP17 and Li27 and the 

untreated plants, the diameter of the developed knots was measured in the centre of them. 

1 2 3 4 5 6 7 8 9 10

Replication A 1 0 1 1 0 1 1 1 0 1 7

Replication B 0 1 1 0 1 0 0 1 1 1 6

Replication C 1 0 0 1 0 1 1 1 1 1 7

Replication D 0 1 1 1 1 0 0 1 0 1 6

26 65%

Replication A 0 1 1 1 1 1 1 1 1 0 8
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Contemporary the calibre of plants was measured under the knot to be sure that a bigger calibre of knot 

was not due to a bigger calibre of the plants. 

 

 

Fig. 20 Olive plants with bacterial symptoms. 

  

 

 

Fig. 21 Reliefs on diameter of galls in Olive affected plants. 

 

The Figure 21 showed a bigger calibre of test plants in comparison with the plants treated with anti-

infective peptides (AP17 and Li27). Except for a replication (B), the diameter of knot is bigger on 

untreated plants. The average value is lower on treated plants (8.75 mm) instead of test plants (9 mm). 
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Fig.35 Reliefs on diameter of plants under knot. 

 

3.2 Plants inoculated in field parcel at CEBAS 

3.2.1 Lemon trees 

The CEBAS staff was involved in performing pathogenicity trials on lemon trees in field parcels. This 

evaluation was really important for After-Cu project because they carried out experiments on Citrus in 

Spain, as well as Fattoria Soldano did in Italy for comparison.  

The overall results obtained were reported both for pathogenicity tests and for the associated chemical 

analysis. 

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

Control 0,70 ab 93 a 9,22 a 

P. syr. syr. 0,68 ab 96 a 8,52 a 

AP17 0,64 a 94 a 9,87 a 

Li27 0,74 b 113 a 9,54 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 8. Chlorophyll, height and trunk diameter in lemon plants 6 months old. 

 

Fig. 36 Clorophy assay on lemon plants. 
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Fig. 37 Height assay on lemon plants. 

 

Fig. 38 Trunk diameter assay on lemon plants. 

 

  P (g/100g) K (g/100g) Ca (g/100g) S (g/100g) Mg (g/100g) Na (g/100g) 

Control 0,086 a 3,42 b 0,89 0,25 a 0,17 a 0,22 a 

P. syr. syr. 0,083 a 2,61 a 0,93 a 0,26 a 0,19 a 0,12 a 

AP17 0,088 a 3,08 ab 0,81 a 0,22 a 0,16 a 0,14 a 

Li27 0,082 a 2,99 ab 0,76 a 0,22 a 0,16 a 0,01 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 9. Macro and micronutrients in lemon plants 6 month old assay. 

 

Fig. 39 Macro and micronutrients in lemon assay. 
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Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

 

Table 10. Fe and Mn in lemon plants 

 

Fig. 40 Fe and Mn in lemon plants. 

 

  Cu (mg/Kg) Zn (mg/Kg) Pb (mg/Kg) Cr (mg/Kg) Ni (mg/Kg) Cd (mg/kg) 

Control 5,24 a 45,78 b 4,30 a 0,77 a 0,20 a 0,00 a 

P. syr. syr. 4,71 a 30,91 a 3,07 a 0,78 a 0,21 a 0,00 a 

AP17 5,66 a 28,02 a 2,92 a 0,48 a 0,07 a 0,00 a 

Li27 5,28 a 31,69 a 3,50 a 0,80 a 0,29 a 0,00 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 11. Heavy metals in lemon assay. 

 

Fig. 41 Heavy metals in Lemon assay. 
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Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 12. Ct and Nt (g/100g) in lemon greenhouse plants. 

 

Fig. 42 Ct and Nt in lemon plants. 

 

3.2.2 Kiwi plants 

The CEBAS staff and Fattoria Soldano were involved in performing pathogenicity trials on kiwi plants 

in field parcels. The overall results obtained were reported both for pathogenicity tests and for the 

associated chemical analysis. 

 

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

Control 0,71 b 23 b 8,60 a 

Psa (P.syr.act) 0 a 19 a 8,35 a 

PSA21 0,73 b 26 b 8,80 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 13. Chlorophyll, height and trunk diameter in lemon plants 6 months old in greenhouse assay.  
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Fig. 43 Clorophy assay on kiwi plants. 

 

Fig. 44 Height assay on kiwi plants. 

 

Fig. 45 Trunk diameter assay on kiwi plants. 

  P (g/100g) K (g/100g) Ca (g/100g) S (g/100g) Mg (g/100g) Na (g/100g) 

Control 0,436 a 3,10 a 0,960 a 0,701 a 0,216 a 0,146 a 

P. syr. act 0,373 a 2,96 a 1,190 a 0,701 a 0,256 a 0,156 a 

Psa 21 0,286 a 2,51 a 1,130 a 
0,5 
90 a 0,273 a 0,120 a 

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

Table 14. Macro and micronutrients in kiwi plants 6 month old assay. 

 

Fig. 46 Macro and micronutrients in kiwi assay. 
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Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 15. Fe and Mn in kiwi plants 

 

Fig. 47 Fe and Mn in kiwi plants. 

 

  Cu (mg/Kg) Zn (mg/Kg) Pb (mg/Kg) Cr (mg/Kg) Ni (mg/Kg) Cd (mg/kg) 

Control 6,48 a 20,84 a 3,31 a 0,492 a 0,290 a 0,00 a 

P. syr. act. 6,46 a 25,14 a 4,01 a 0,430 a 0,340 a 0,00 a 

Psa 21 6,88 a 26,93 a 2,89 a 0,320 a 0,226 a 0,00 a 

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

Table 16. Heavy metals in kiwi assay. 

 

Fig. 48 Heavy metals in kiwi assay. 
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Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 17. Ct and Nt (g/100g) in kiwi plants. 

 

Fig. 49 Ct and Nt in kiwi assay. 

 

3.2.2 Olive plants 

The CEBAS staff and Fattoria Soldano were involved in performing pathogenicity trials on olive 

plants in field parcels. The overall results obtained were reported both for pathogenicity tests and for 

the associated chemical analysis. 

 

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

Control 0,78 a 103 a 6,57 a 

AP17 0,76 a 105 a 6,39 a 

Li27 0,76 a 96 a 7,63 a 

P. sav. nerii 0,77 a 99 a 6,44 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 18.  Chlorophyll, height and trunk diameter in olive trees 6 months old in assay. 
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Fig. 50 Clorophy assay on olive plants. 

 

 

Fig. 51 Height assay on olive plants. 

 

 

Fig. 52 Trunk diameter assay on olive plants. 
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  P (g/100g) K (g/100g) Ca (g/100g) S (g/100g) Mg (g/100g) Na (g/100g) 

Control 0,16 a 1,01 a 0,28 a 0,16 a 0,073 a 0,48 b 

P. sav. nerii 0,16 a 1,15 a 0,26 a 0,16 a 0,069 a 0,36 ab 

AP17 0,17 a 1,28 a 0,33 a 0,13 a 0,082 a 0,27 a 

Li27 0,17 a 1,06 a 0,36 a 0,16 a 0,088 a 0,41 ab 

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

Table 19. Macro and micronutrients in olive plants 6 month old assay. 

 

Fig. 53 Macro and micronutrients in olive assay. 

 

  Fe (mg/Kg) Mn (mg/Kg) 

Control 75,65 a 26,42 a 

P. sav. nerii 73,34 a 17,32 a 

AP17 70,49 a 20,83 a 

Li27 83,30 a 16,35 a 

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

Table 20. Micronutrients in olive assay. 

 

Fig. 54 Micronutrients (Fe and Mn) in olive assay. 
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  Cu (mg/Kg) Zn (mg/Kg) Pb (mg/Kg) Cr (mg/Kg) Ni (mg/Kg) Cd (mg/kg) 

Control 7,10 a 24,74 a 1,96 a 0,752 a 0,00 a 0,00 a 

P. sav. Nerii 7,99 a 19,02 a 1,64 a 0,091 a 0,09 a 0,00 a 

Ap 17 7,43 a 22,59 a 1,68 a 0,128 a 0,09 a 0, 00 a 

Li 27 11,48 a 24,04 a 1,94 a 0,257 a 0,07 a 0,00 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05) 

Table 21. Heavy metals in olive greenhouse assay T6 months. 

 

Fig. 55 Heavy metals in olive assay. 

 

  Nt (g/100g) Ct (g/100g) 

Control 1,79 a 48,29 a 

P. sav. nerii 1,88 a 48,49 a 

Ap 17 2,03 a 48,51 a 

Li 27 1,89 a 48,49 a 
Same letter in each parameter indicate no significantly differences between letters (Tuckey’s method, p<0.05). 

Table 22. Ct and Nt (g/100g) in olive plants. 

 

Fig. 56 Ct and Nt in olive assay. 
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Assay 1 

Olive Survival  Symptoms TOTAL 

 Control 8 0 0 0 0 0 0 0 0            0  (0%) 
 P. sav. nerii 8 0 1 0 1 1 0 1 1         5  (62,5%) 
 AP17 8 0 0 0 0 0 0 0 0           0  (0%) 
 Li 27 8 0 0 0 0 0 0 0 0           0  (0%) 
 Lemon Survival  Symptoms 

  Control 8 1 0 0 0 0 1 0 0           2  (25%) 
 P. syr. syr. 8 1 1 0 0 0 1 0 1           4  (50%) 
 AP17 8 1 0 0 0 0 0 0 0          1  (12%) 
 Li 27 8 0 0 0 0 0 0 0 0          0  (0%) 
 Kiwi Survival  Symptoms 

  Control 8 2 1 1 0 0 0 1 1      6 (65%) 
 P. syr. act. 8 2 2 2 2 2 2 2 2       8 (100%) 
 Psa 21 8 0 1 2 0 1 2 1 1     6  (65%) 
 

             

Assay 2 

Olive Survival  Symptoms           TOTAL     
 Control 8 0 0 0 0 0 0 0 0             0 (0%) 
 P. sav. nerii 8 1 1 0 1 1 1 0 0             5 (62%) 
 AP17 8 0 1 0 0 0 0 0 0            1 (12%) 
 Li 27 8 0 0 0 0 1 0 0 0            1 (12%) 
 Lemon Survival  Symptoms 

  Control 8 1 0 0 0 0 0 0 0             1 (12%) 
 P. syr. syr. 8 0 1 0 1 0 1 0 1             4 (50%) 
 AP17 8 0 0 1 0 0 0 0 0            1 (12%) 
 Li 27 8 0 0 0 0 0 1 0 0            1 (12%) 
 Kiwi Survival  Symptoms 

  Control 8 1 0 1 0 0 0 0 0         2 (25%) 
 P. syr. act. 8 2 2 2 2 2 2 2 2           8 (100%) 
 Psa 21 8 0 0 1 0 0 0 0 0       1 (12%) 
 Table 23. Survival and symptoms (infection level) in plants 6 month old in experiment. 

 

0 without symptoms 
 1 slight symptoms Some diseased leaves, although most of them are healthy. 

2 severe symptoms Most of the leaves are diseased. 
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ASSAY 1: % OF SYMTOMS 

 

 

 

Fig. 57 Infection level in plants 6 month old in experiment (Assay 1). 
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ASSAY 2: % OF SYMTOMS 

 

 

 

Fig. 58 Infection level in plants 6 month old in experiment (Assay 2). 
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4. CONCLUSIONS 

 

4.1 About symptoms in plant 

Kiwi, lemon and olive plants inoculated with the pathogenic bacteria produced expected symptoms, 

although not costantly. In the case of olive, a kind of tumor was observed but they were not visible 

until at least 30 days after inoculation. In the case of lemon, when these plants were inoculated with 

new pathogen bacteria, we observed visible symptoms on the leaves from 15 days after inoculation 

with the bacteria. Kiwifruit was the crop most affected by the pathogenic bacteria Psa, and the 

negative effect of this disease on kiwi leaves tree was evident few days after bacteria inoculation. 

One thing to keep in mind, and that can be explanatory of some unexpected data, is the fact that 

sometimes in this two years sperimentation the climatic conditions have had an unusual trend. In 

particular, in the Spanish experimental area the climatic conditions have been particularly severe and 

unusual (e.g. very dry, with a clear shortage rainfall and higher temperatures than usual). This type of 

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

(inoculation of pathogenic bacteria and peptides). Despite all this, we must not forget that working 

conditions are suitable for a very comprehensive monitoring. 

With regard to Kiwifruit cultivation, we must indicate that the experimental crop had to be repeated 

since the initial culture suffered too much heat, and all the plants were damaged. An observation of our 

data obtained in the Action C2, where an assay with small plants in controlled chamber was carried out 

with the first inoculation trials with this type of plant, reveals that the kiwi is very prone to bacteria 

attack, and therefore the peptide treatment is more effective in this crop. 

 

However, the most important result is that constantly the anti-infective peptides were demonstrated 

effective to cause a decrease in symptoms, although to a different extent. This variations were 

observed accordingly to plant species and climatic conditions. Moreover, when the anti-infective 

peptides are introduced into plants previously inoculated with the pathogenic bacteria, symptoms of 

bacterial disease appear in a less degree than when the peptide treatment was not performed (i.e. only 

bacterial inoculation). The more clear benefit on plant disease due to the use of anti-infective peptides 

was noted with kiwi and lemon. 

 

4.2 Chlorophyll 

It's not easy being green, but plants are pretty well-known for it. There is a small, but very important 

molecule responsible for this called chlorophyll. All plants have chlorophyll, which is a green pigment 
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in leaves and stems. Chlorophyll is a light-absorbing pigment, and it actually gets its green color 

because it absorbs blue and red wavelengths of light. The green wavelengths are reflected, giving that 

unmistakable color to plants. Since it is a light-absorbing pigment, chlorophyll is called a 

photoreceptor. Also note that there are two types of chlorophyll: chlorophyll a and chlorophyll b.  

Chlorophyll molecules are contained inside chloroplasts, which are the food producers of the cell 

found in all green parts of a plant. Inside the chloroplasts, we also find thylakoid membranes, which 

contain photosystems. Photosystems are made of a group of light-harvesting complexes, which is just a 

fancy term for pigment molecules and proteins. Two photosystems have been identified: photosystem I 

and photosystem II. The chlorophyll molecules are arranged in and around the photosystems, and this 

allows them to transfer the light energy into the center of the photosystem. The process called 

photosynthesis is how plants convert sunlight into usable chemical energy. Chlorophyll is a vital 

component of photosynthesis, which is how plants get their energy. But, photosynthesis isn't just 

important to plants; it's also essential to most other living things on Earth. Through photosynthesis, 

plants take in carbon dioxide and release oxygen back into the air, which is the oxygen that we need to 

breathe. Photosynthesis is also important because many animals eat plants and use the energy that has 

been converted from the sun to fuel their own bodies.  

Plants can maintain and preserve all their vital functions under large variations of the environmental 

conditions. Among them, incident irradiance, ambient temperature, humidity, supply of water, CO2 

and nutrients, are of main importance. Nevertheless, if the changes exceed the limit of tolerance, 

serious damages in the structure and function of individual plant cells and organs may occur. 

According to the general stress theory, the consecutively induced status of the plant, termed stress, 

generates specific responses on a cellular level (involving general signal responses, adaptation 

syndromes, and defense responses. Stress leads either to an acquirement of new homeostasis or, under 

strong stress, to a dysfunction leading to necrosis of the affected organ. If the level of the stress is too 

strong, the acute stress arises resulting in a rapid damage of plant components and a consequent death 

of the whole plant, if the stress factor activity is not eliminated in time. 

In lemon plants and for chlorophyll parameter, there are significantly differences between different 

treatments being in all cases values that indicate (according to references) stress in plants. This stress 

could probably be due to the not optimal weather conditions. Low values were observed on plants 

treated with AP17 peptide (Fv/Fm: 0,64) and high values were showed on plants treated with Li27 

peptide (Fv/Fm: 0,74). Control and P.syr. act. plants show same values (0,68-0,70).  
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In olive plants there aren’t significantly differences between treatments for chlorophyll measured. It 

could be due to the warm conditions in the experimental zone, which can influence on this disease 

plant. 

For kiwi, when plants were inoculated with pathogen bacteria, the chlorophyll decreased until 0 due to 

the fact that the leaves of kiwi trees were very affected by the disease. 

 

4.3 Height and trunk diameter 

Trees show considerably variation and flexibility in their shape and size of crowns, height and trunk 

diameters (Givnish, 2002; Kuppers, 1989; http:www.ncbi.nlm.nih.gov/.mcm189.pdf). These are 

governed by an inherited developmental tendency, which may in turn be modified by the environment 

where the tree grows. The size of a tree canopy and it’s height above the ground is significant to a tree 

in that it determines the total amount of light that the tree intercept for photosynthesis (Midgley, 2003; 

Russel et al., 1989). Natural selection must generally be expected to favor trees that increase the 

amount of light that falls on the plant and since competition for light is often important in groups of 

trees, in the same respect, natural selection must tend to favour trees that grow high quickly. The 

adaptive significance of tree height, Jahnke and Lawrence (1965) have shown, through a mathematical 

model that the higher a tree is the more light it intercepts during the course of the day. The tree trunk 

size also has its own adaptive significance to a tree. It must be strong enough to withstand the forces 

that act on it. 

In our study at greenhouse level, any significant difference between treatments has been observed in 

any case for plant height and trunk diameter for the different crops. For olive, kiwi and lemon trees a 

light trend to increase can be observed for plant height; it is possible that more evident effects are not 

observed due to the fact that the duration of the experiment is not long enough to these aspects can be 

appreciated.  

 

4.4 Macro and micronutrients 

The plant leaves are lateral outgrowth of the stem which develops from the meristematic tissues of 

buds. They are the part of the plant shoot which serves as the chief food-producing organ in most 

vascular plants. To perform this function more efficiently, they are arranged on the stem and oriented 

as to allow maximum absorption of sunlight.   

The leaves may be considered as the most important life-giving part of the plant body. The 

carbohydrate that is produced in the leaves in the process of photosynthesis  sustains animal life, both 

directly and indirectly. This organic compound contains the energy which the plant obtains from the 

http://www.cropsreview.com/what-is-sugar.html
http://www.cropsreview.com/what-is-photosynthesis.html
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sun, the same energy that powers animal and human life. Likewise, the oxygen that plant leaves give 

off is essential to the continuing existence of animals and other aerobic organisms.  

As main functions of plant leaves, we can indicate the following: 

1. Photosynthesis. The process of producing food, known as photosynthesis, mainly occurs in the 

leaves of most angiosperms. This process essentially involves the absorption of light mainly by the 

chlorophyll pigments and the absorption of carbon dioxide via the stomatal pores in the leaves. As a 

result of the cleavage of the water molecule during photosynthesis, oxygen is generated and released to 

the atmosphere.  

2. Food Storage. The leaves serve as food storage organ of the plant both temporarily and on long-term 

basis. Under favorable conditions, the rate of photosynthesis may exceed that of translocation of 

photosynthates toward other organs. During the daytime, sugars accumulate in the leaves and starch is 

synthesized and stored in the chloroplasts. At nighttime, the starch is hydrolyzed to glucose and 

respired or converted to transportable forms like sucrose. It has been demonstrated also that food is 

stored in the leaves until they senesce. This food is exported to the stem before leaf fall and utilized in 

the subsequent shoot development.  

In general and with a high variability found in these experiments, we can indicate that for macro and 

micronutrients measured on different leaves, there aren’t significantly statistical differences between 

treatments in any case. We must keep in mind that these plants have grown in controlled conditions. 

Although the temperature wasn’t automatically controlled, plants grown in a protected shady place. 

Nevertheless, the period assay have coincided with dry and warm summers. These are not the best 

conditions for developing plants which are infected by Pseudomonas bacteria.  

 

  

http://www.cropsreview.com/what-is-photosynthesis.html
http://www.cropsreview.com/what-is-sugar.html
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