Salmonella as an endophytic colonizer of plants - a risk for health safety vegetable production 
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Abstract 

Contamination of vegetables and fruits is the result of presence of human pathogen bacteria which can contaminate products in any part of production chain. There is an evidence of presence of: Salmonella spp. on the fresh vegetables and Salmonellosis is connected with tomato, sprouts, cantaloupe etc. 


The goal of this research is transmission of pathogen bacteria from irrigation water to plants and studying/monitoring the ability of the Salmonella spp. to colonize the surface and interior (endophytic colonization) of root at different vegetable species.

Transmission of three Salmonella spp. strains from irrigation water to plants, as well as colonization of plants by these bacteria was investigated by using Fluorescence In Situ Hybridization (FISH) in combination with confocal laser scanning microscopy (CLSM).

All tested Salmonella spp. strains showed ability to more or less colonize the surface and interior niches of the root, stem and leaf of the investigated plant species. These bacteria also were found in plant cells cytoplasm, although the mechanism of their entrance has not been clarified yet.
Key words: contamination vegetables, Salmonella spp., irrigation water, FISH, CLSM.
Introduction

The consumption of vegetables is essential for healthy nutrition and it is an integral part of many diets which are recommended by various health organizations (World Health Organization, 2003; United States Department of Agriculture, 2011). Since fresh produce is one of the major components, such as essential vitamins, minerals, and fiber, the consumption of fresh produce has increased worldwide in recent years (EU, 2007; Betts 2014). 
The number of outbreaks associated with the consumption of contaminated fresh produce, especially those caused by Salmonella, has also increased. In EU countries excluding Spain, a total of 37 Salmonellosis outbreaks have been linked to the consumption of food of non-animal origin including fresh produce have been reported between 2007 and 2011 (EFSA,2013).

The vegetables could become contaminated (Beuchat and Ryu, 1997) in contact with soil, manure, compost, irrigation water, contaminated water for washing and etc. Irrigation water contaminated with manure or animal waste is a common environmental source for the transmission of microorganisms into fresh produce (Olaimat and Holley, 2012).
The Salmonella is an important human and animal pathogen worldwide, mainly transmitted to humans through contaminated food (Jay et al.,2005). Each year, nontyphoidal Salmonella spp. have been estimated to be responsible for 1.0 million (Scallan et al., 2011) and 80.3 million human salmonellosis cases (Majowicz et al., 2010) in the United States and globally, respectively. The preharvest contamination vegetables by human pathogen is the most often cause of presence microbiologically unsafe products on the market (Pezzoli et al. 2007; CDC 2006b; Gillespie, 2004; Soderstrom et al., 2005). There is evidence that outbreak of tomato-associated salmonellosis was caused by Salmonella Newport. This strain was isolated from water which was used for irrigation tomato plants (Greene et al., 2008). Also, it was happened salmonellosis outbreak which was linked to consumption of alfalfa sprouts contaminated by Salmonella Newport in 2010 (CalFERT, 2011). This Salmonella strain was isolated from seed which was considered as a source of outbreak. The similar outbreak was happened in 2010. with Salmonella enterica – contaminated alfalfa sprout, but the source of this Salmonella strain was run-off water (environmental sample) (CDC, 2011).
The Salmonella Saintpaul – outbreak, which was happened in more states, resulted in more than 1400 infected people in the USDA. This is an example how complicated it could be to detect source of contamination (CDC, 2008). It was initially suspected that contaminated tomatoes are source of the outbreak, but investigation by CDC and FDA revealed that main source of Salmonella Saintpaul were jalapeno and serrano peppers (Klontz et al., 2010). This failure resulted in huge economic loss to tomato growers. Also, some authors found out that about 86% of cases linked with eating raw jalapeno pepper and other similar food at Mexican restaurants (Behravesh et al., 2011).
The products might be contaminated during preharvest as well as postharvest process of production. Some authors examined routs of colonization tomato fruits in preharvest process by S. enterica (Gu et al., 2011;  Hintz et al., 2010; Barak et al., 2011.). Their point of view is that irrigation water could be a potential source of colonization fruit by pathogen bacteria. The entrance of S. enterica into the tomato plants through irrigation water is still inconsistent. There is evidence that Salmonella enterica serovar Newport could contaminate different tomato plant tissue via irrigation water (Hintz et al., 2010). The Salmonella-contaminated water was applied only in root zone and Salmonella was detected at tomato plants in different plant growth stages.

Gu et al. (2011) showed that Salmonella typhimurium could colonize interior spaces of tomato plants via leaves and it can lead to high concentration of Salmonella in plant fruits but there are not any visible symptoms on the tomato plants.         

Islam et al. (2004) showed that using S. typhimurium-contaminated irrigatin water can lead to contamination carrot and radish during the harvesting crops and S. typhimurium could survive 203 days in the soil after its due date. The S. enterica serovar Thompson can colonize whole leaves of coriander after 6 days of inoculation but the pathogen concentration on leaves largely depends on temperature and relative humidity (Brandl and Mandrell, 2002). Natvig et al., (2002) detected S. enterica Typhimurium in the leaves of rocket after 17 weeks of growing in the manure-contaminated soil. In the field growing conditions, S. enterica serovar Typhimurium can survive 63 days on lettuce and 231 days on parsley if the plants are irrigated with contaminated water and the similar results are obtained with carrot and radish (Islam et al., 2004). Jablasone et al., (2005) showed that S. typhimurium could entry in plant tissue. After surface sterilization plants, they used indirect method for quantification number of S. typhimurium inside plant tissue. The positive plant samples were appeared 9 days after inoculation plants, but number of S. typhimurium was not so high. The experiments of Barak et al., (2003) showed that S. enterica strains easier adhere alfalfa sprouts than E. coli O157:H7. The tomato plants which were grown in hydroponic conditions could be colonized by Salmonella spp. if the water is contaminated with these bacteria. The one day after exposing tomato root to Salmonella spp.-contaminated water, the number of bacteria on hypocotyls, cotyledons and stem reaches 3,01 CFU/log10 - 3,40 CFU/log10 per gram (Guo et al., 2002).          

Some experiments showed colonization plant damaged seed coat edge during the seed germination by S. enterica. The S. enterica is able to make huge microcolony (aggregations) on the alfalfa root hairs (Charkowski et al., 2002). It is known that bacterial cells aggregation is associated with synthesis of cellulose fibrils (Smit et al., 1987). The S. enterica also has ability to synthesize cellulose fibrils, but their function is not related with bacterial adherence or aggregation in the rhizosphere (Zogaj et al., 2001). 
There is an experiment about localization human pathogen on the root of inoculated plants which are grown in the soil in lab conditions. During the colonization Arabidopsis thaliana root by E. coli Ol57:H7 and S. enterica, these bacteria were concentrated on the root top and in the places of branching lateral roots at an early stage of plant development. The Arabidopsis thaliana root was colonized by these bacteria uniformly at a later stage of plant development (Cooley et al., 2003). Same authors did seed inoculation by S. enterica mutants with reduced flagella number and observed much less colonization which means that bacterial motility has a significant role in plant colonization.    

Confocal laser scanning micrographs showed ability of S. enterica serovar Stanley to enter inside undamaged alfalfa sprouts (Gandhi et al., 2001). Warriner et al. (2003b) detected endophytic colonization vascular system of bean sprouts by S. enterica after surface sterilization of plant samples and in situ staining plants. According to their opinion, bacteria enter in plant through the cracks in epidermis and place the growth of lateral roots. Some other researchers also showed interaction between alfalfa seedling and different S. enterica serotypes. The alfalfa seedlings were the most colonized by bacteria on the places the growth of lateral roots. Also, it was noticed differences in endophytic colonization at different S. enterica serotypes, which indicates a specificity of strain for adherence to plants (Dong et al., 2003).

Guo et al. (2001, 2002) inoculated tomato plants at the stage before and after the start of flowering by S. enterica. They tested tomato fruit and out of 30 samples, 11 were positive for the presence of pathogen. The inner content of the tomato fruit in 6 out of 11 samples was contaminated by S. enterica which indicates the movement of the pathogen through the tomato plant. The same authors showed colonization tomato plants by S. enterica in hydroponic growing conditions. After 9 days of growing plants, the number of S. enterica was so high in leaves, stems, hypocotyls and cotyledons of seedlings. This indicates that Salmonella sp. could be transmitted into the plants if the plants are grown in contaminated environment.  
The goal of this study is transmission of pathogen bacteria from irrigation water to plants and monitoring the ability of the Salmonella spp. to colonize the root surface and interior of different vegetable species.
Material and method
The ability of the surface and endophytic colonization of different plants by Salmonella strains was investigated in laboratory conditions with ’’monoxenic’’ model growing conditions. (one plant species inoculated by one bacterial strain). 
BACTERIAL STRAINS AND PLANT SPECIES: 
The three strains of Salmonella enterica serotype typhimurium (LT2, S1 and ATCC14028) were used in this experiment. These strains are part of bacterial culture collection of Helmholtz Zentrum Munchen, German Research Center for Environmental Health (GmbH), Research Unit Microbe-Plant Interactions. The strain Salmonella typhimurium LT2 is commonly used in laboratory experiments and S. typhimurium S1 strain is isolated from organic waste of plants. 

The experimental plants were: lettuce (Lactuca sativa) sort 2476; spinach (Spinacia oleracea), parsley (Petroselinum crispum); carrot (Daucus carota subsp. sativus); celery (Apium graveolens); tomato (Lycopersicon esculentum); sweet corn (Zea mays var. saccharata).

INOCULATION EXPERIMENTS IN AN AXENIC MODEL SYSTEM:
The Salmonella strains were cultivated on Xyline-Lysine-Desoxycholate Agar and SS Agar (Merck, Germany) and incubated on 37°C overnight. After incubation, Salmonella typhimurium strains appeared as typical black colonies (Photo 1). The one single colony for each strain is transferred in separate falconen tube with 20 ml Luria Bertani Broth and incubated with shaking on 37°C overnight. The tubes with incubated strains are centrifuged on 5000 rpm for 3 minute, the supernatant is removed and added 20 ml PBS 1x and each tube is vortexed. This step is repeated three times in total. The bacterial concentration (OD) is measured on spectrophotometer on 436 nm wavelength. The bacterial suspension is adjusted by PBS 1x to reach ≈ 108 CFU/ml. The final concentrations for S. typhimurium LT2 and S. typhimurium S1 were ≈ 108 CFU/ml PBS (OD436 = 0.846/ml and OD436 = 0.846/ml) and for S. typhimurium ATCC14028 ≈ 107 CFU/ml PBS (OD436 = 0.710/ml).   

It was used certified seeds (Germany) for this experiment. The surface sterilization of seeds was done according to the Burun (2002). 

The sterile seeds (without washing) incubated in Petri-dishes with Nutrient Agar and LB Agar (Sigma-Aldrich) on 30ºC during the 24 - 48h to start germination of seeds (appear cotyledons) and check its sterility before bacterial inoculation and planting (Photo 2). 

The plants were grown in sterile quartz sand (particle size 1.0–2.5 mm) with Basal Salt Mixture (SIGMA). Basal Salt Mixture: 4.3 g MS powder dissolved in 1000 ml H2Odem and autoclaved on 121 ºC, 1.5 at, 20 minutes. The 200 g sterile quartz sand was placed in each sterile plastic dish with cap (SIGMA) and it is added 20 ml Basal Salt Mixture dilution. It was planted five same seedlings in one dish and after one day, the seedlings were inoculated by 1 ml of Salmonella sp. suspensions. The bacterial suspension was placed on the quartz sand surface close to seedlings. The control dishes with seedlings were inoculated by 1 ml sterile PBS dilution. The sweet corn seedlings were grown in large sterile glass tubes (3 cm width x 20 cm length) with sterile quartz sand (the tube was filled 7 cm in length) and 10 ml Basal Salt Mixture dilution was added. The one seedling was planted in each tube and inoculated by 1 ml bacterial suspension and tube is covered by sterile cap (Photo 3).   

The inoculated plants were grown 21 days in absolute sterile conditions at room temperature and normal light mode.

After 21 days, the plants carefully removed from sand in sterile conditions without damaging the root system and root was cut. The attached quartz sand particles and weak attached bacterial cells were removed by washing root in sterile Phosphate-buffered saline dilution. The inoculated plant root samples were ready for Fluorescence In Situ Hybridization (FISH).

FLUORESCENCE IN SITU HYBRIDIZATION (FISH) AND CONFOCAL LASER SCANNING MICROSCOPY (CLSM): 
The FISH was done for all plant root samples inoculated by Salmonella sp. strains (Salmonella typhimurium LT2; Salmonella typhimurium ATCC14028; Salmonella typhimurium S1).   

The root samples were fixed in 4% (w/v) paraformaldehyde solution for 1.5h at 4 °C (Amann et al., 1990). The probe Salm-63-Cy3 used in this experiment and the strength of the deionized formamide used in the hybridization buffer and probe specificity is given in Table 1. The probe was synthesized and purchased from Thermo Electron, Division Interactiva (Ulm, Germany). Hybridization with fluorochrome-labelled oligonucleotide probe (Cy3) was performed according to the standard FISH protocol (Amann et al., 1992; Manz et al., 1992).

The confocal laser scanning microscopy LSM-510-META (Zeiss, Germany) was used for three-dimensional microscopic analyses of plant root system. The He–Ne laser provided excitation wavelength of 543 nm for Cy3 excitation with LP 560 long-pass filter. The Cy3 fluorescent dye is shown with its red fluorescence color. The Ar ion laser with 488 nm excitation wavelength and with BP 500–550 band-pass filter was used to show autofluorescence and thus the structure of plant roots.

The number of Salmonella sp. which colonizes plant roots (surface and endophytic colonization) was determined by direct counting in 3D-micrographs by using Zeiss LSM Image Browser software. It was determined volume of plant roots and bacterial cells were counted on the surface and inside plant roots. It was taken root depth 0-5 µm as the surface area while the interior of the root was taken depth greater than 5 µm. The number of Salmonella sp. was calculated per unit volume and was shown as the number of cells / mm3 absolutely dry plant root.  
STATISTICAL ANALYSES:
The statistical analyses were done by non-parametric Kruskal-Wallis Test. This test is alternative to the One-Way ANOVA test and it is able to assess if samples come from populations with the same median. The significance level α was 0.05 and the number of degrees of freedom was 2. This test is very useful when not all ANOVA assumptions are met. The reason for using Kruskal-Wallis Test is that our data (variables) were measured at the ordinal level and the assumption of normality was not met. In this test, it was used a null and the alternative hypothesis. The null hypothesis was that all measured samples have same medians. It means that there are not differences in colonization plant roots by different strains of Salmonella. The alternative hypothesis was that there are differences in colonization plant roots by different strains of Salmonella. It means that medians are unequal in all population.            
Results

The detection of Salmonella cells was done using Zeiss LSM Image Browser software and all results are presented in the figures 1, 2 and 3. The obtained results showed ability of Salmonella strains for surface and endophytic colonization plant roots in the monoxenic model growing plants. Also, the micrographs of roots showed location of Salmonella cells on the surface and inside plant roots. 
INOCULATION EXPERIMENTS IN THE AXENIC SYSTEM:

The Salmonella typhimurium LT2 colonized root surface of lettuce in the highest degree (5.08 x 105 cells/mm3 absolutely dry root). The high degree of surface root colonization was also detected at tomato and sweet corn roots (3.76x105cells/mm3 and 3.42x105cells/mm3 absolutely dry root). The roots of sweet corn (1.99x105cells/mm3), lettuce (1.59x105cells/mm3) and tomato (1.12x105cells/mm3 absolutely dry root) were the most endophiticly colonized by S. typhimurium LT2 (Figure 1). 
The surface and endophytic colonization plant roots by Salmonella typhimurium S1 was the largest at celery and tomato. The number of bacteria at celery root surface and interior was 7.45x105cells/mm3 and 2.07x105cells/mm3 absolutely dry root. Also, it was detected 7.44x105cells/mm3 (root surface) and 1.64x105cells/mm3 absolutely dry root (root interior) at tomato. The huge number of S. typhimurium S1 cells was detected on the lettuce root surface (5.17x105cells/mm3 absolutely dry root). The lowest level of colonization by this strain was noticed at spinach and sweet corn roots (Figure 2).
The high level of colonization roots by Salmonella typhimurium ATCC 14028 was found out at leafy and fruitful vegetables but this strain colonized root-tuber plants less than others.   Thus, the largest number of S. typhimurium ATCC 14028 was detected on the surface parts of lettuce and sweet corn roots (1.01x106cells/mm3 and 1.02x106cells/mm3 absolutely dry root). Also, these plants were endophitic colonized by this strain. In terms of root-tuber vegetables, the S. typhimurium ATCC 14028 colonized in the highest degree carrot root surface (4.98x105cells/mm3 absolutely dry root) and carrot root interior (1.48x105cells/mm3 absolutely dry root) (Figure 3).
 FISH/CLSM ANALYSIS OF INOCULATED ROOTS:
In the interior spaces of the lettuce root, the Salmonella typhimurium LT2 cells were seen as single or in the form of microcolonies. The bacterial cells were also located in intercellular spaces (niches) and they were found very close to vascular system of lettuce root (Micrography 1). Also, it was detected that Salmonella typhimurium LT2 cells can reach very deep layers of interior at tomato and sweet corn roots. The bacterial cells were able to come close to root xylem (Micrography 1). The Salmonella typhimurium LT2 cells could colonize root hairs and root surface in the very high degree (Figure 1 and Micrography 2).
The CLSM micrographs showed that Salmonella typhimurium S1 cells appeared in the form of microcolonies, aggregations in the intercellular niches at lettuce and parsley roots (Micrography 3).
The Salmonella typhimurium ATCC 14028 cells formed aggregations on the sweet corn root hairs and appeared like biofilm. In the deeper layers of sweet corn root, bacterial cells were single and they were located in intracellular niches (Micrography 4). It has been determined that bacterial cells formed microcolonies in the intercellular spaces that were located very close to xylem system of lettuce root. At the spinach root, Salmonella cells were predominantly attached to root hairs and they appeared in biofilm form (Micrography 4). Regarding root-tuber plants, Salmonella typhimurium ATCC 14028 cells were dominantly located on the parsley root surface, but they were rarely found on root hairs. The bacterial cells also were found out in deep layers of carrot and celery root (intercellular niches) and they were located close to root xylem (Micrography 5).  
STATISTIC TEST AND DECISION ABOUT THE NULL HYPOTHESIS: 
Based on experimental data, it was calculated the sum of ranks for each of the samples of surface colonization plant roots by Salmonella strains: R1=864 (Salmonella enterica serotype typhimurium LT2); R2=924 (Salmonella enterica serotype typhimurium S1); R3=1062 (Salmonella enterica serotype typhimurium ATCC14028). The rejection region for this Chi-Square test was R = χ2 : χ2  > 5.991 (α = 0.05; df = 3–1=2). The result of Kruskal-Wallis Test was obtainet according to formula:  

Hs = 12 / N (N+1) (R1 2/n1 + R22/n2 + ⋯ + Rk2 / nk) – 3(N+1) =

= 12 / 75 (75+1) (8642/31 + 9242/20 + 10622/24) – 3 (75+1) = 11.501

It is observed that χ2 = 11.501 > χ2R = 5.991, and it means that the null hypothesis is rejected. Also, the p-value is p = 0.0032, and since p = 0.0032 < 0.05, it could be concluded that the null hypothesis is rejected. There is statistical evidence about differences between investigated Salmonella strains in surface colonization plant roots at the α=0.05 significance level.
The sum of ranks for samples of colonization interior spaces of plant roots by Salmonella strains are: R4=741 (Salmonella enterica serotype typhimurium LT2); R5=859 (Salmonella enterica serotype typhimurium S1); R6=956 (Salmonella enterica serotype typhimurium ATCC14028). The rejection region for χ2-Test was R = χ2 : χ2  > 5.991 for α = 0.05 and df = 3–1=2. The result of Kruskal-Wallis Test was:  

Hi = 12 / N(N+1) (R4 2/n1 + R52/n2 + ⋯ + Rk2 / nk) – 3(N+1) =

= 12 / 71 (71+1) (7412/28 + 8592/19 + 9562/24) – 3 (71+1) = 10.588

The Kruskal-Wallis Test showed that χ2 = 10.588 > χ2R = 5.991, and the null hypothesis must be rejected. The p-value is p = 0.005, and since p = 0.005 < 0.05, it means that the null hypothesis is rejected. The statistical test showed significant differences between investigated Salmonella strains in interior colonization plant roots at the α=0.05 significance level.
Discussion

Our experiments showed that tested Salmonella spp. strains have different ability for plant colonization. Thus, Salmonella enterica serotype typhimurium LT2 has the maximum capacity for surface and endophytic lettuce root colonization but the same strain has the weakest ability to colonize carrot root (Figure 1). The obtained results showed that human pathogen, Salmonela enterica serovar typhimurium (S. typhimurium) could endophytic colonize different plant species very efficiently and also, these bacteria can actively enter into the root tissue and multiply in the intercellular niches of plant root.  

There is evidence that Salmonella may exist epiphytically on the plants but it is also able to enter plant through different wounds, root, stomata, hydrathodes. The Salmonella could be found in fruits and seeds after contaminations plant flowers (Gu et al. 2013.). Also, trichomes, stomata, hydratodes allow presence of Salmonella into plant leaves (Gu et al., 2013; Barak et al., 2011; Gu et al., 2011).      

Schikora et al. (2008.) showed that Salmonella typhimurium reaches in interior of plant cells Arabidopsis thaliana and multiply in them. Although the infection of Arabidopsis thaliana activates plant immune response, which is similar as well as with other phitopathogen bacteria, it seems that S. typhimurium is able to overcome the host plant defense mechanisms and reproduces in plant. Our results are in accordance with literature and they unequivocally showed that Salmonella typhimurium could be typical plant endopathogen.

The native microbial population in the environment could have positive influence on ability of Salmonella to colonize plants. So, plant pathogens (viruses, fungi, and bacteria), wild and domestic animals could degrade plants and increase possibilities of colonization plants by Salmonella (Jacobsen and Bech, 2012; Ge et al., 2014.).

The Salmonella characteristics, like genetic features, presence of T3SS (type III secretion system), chemotaxis, motility, forming biofilm are very important in survival bacteria in the environment and colonization plants (Schikora et al., 2012). The experiment (Schikora et al., 2012) showed that T3SS is essential for efficient plant colonization.   

The plant root surface colonization by Salmonella enterica serovar typhimurium S1 was the most prominent at tomato, lettuce and celery (more than 105cells/mm3 absolutely dry root) but this colonization was the smallest at spinach root. The root endophitic colonization by this strain was also the largest at tomato and celery and, it was detected more than 104cells/mm3 inside of spinach root (Figure 2).
The results of other authors showed that Salmonella is able for colonization tomato plants through root system and leaves (Hintz et al., 2010; Gu et al., 2011). The entrance Salmonella cells through leaf surfaces (even they are modified with carborundum and surfactants) confirm that it is way for internal plant contamination(Gu et al., 2011)
In contrast, the experiment of Garcia et al., (2010) showed poorly colonization all tomato plant parts by S. typhimurium that suggest that contamination could be result of postharvest handling.

The literature data shows that S. typhimurium LT2 and DT104 strains are able to endophitic colonize seedlings and sprouts of barley which are grown in axenic model conditions. Using the FISH analysis, Salomonella typhimurium cells were detected inside plant tissue (Kutter et al., 2006). The investigations which were related to lettuce (Lactuca sativa) immune response to colonization by Salmonella enterica serovar Dublin showed that 43% surface sterilized and 93% none disinfected lettuce plants were colonized by this strain (Klerks et al., 2007).          

The Salmonella enterica serovar typhimurium ATCC14028 has proven to be a very good in colonization root of investigated plant species. The highest number of bacterial cells was found out on the root surface at lettuce and sweet corn (106 cells/mm3 absolutely dry root), but the large number of Salmonella cells was also detected at spinach, tomato and carrot root surface (>105 cells/mm3 absolutely dry root). The weakest root surface colonization was noticed at parsley and celery. It was detected ≈105 Salmonella cells/mm3 absolutely dry root, which colonized lettuce and sweet corn root endophyticaly. Also, inside the celery root, it was noted ≈104cells/mm3 absolutely dry root (Figure 3).       


The Salmonella is able to form microcolonies near stomata and enter in mesophyll tissue of lettuce and arugula leaves. The lower degree of colonization was detected at red-lettuce and basil leaves but the marginal colonization was noticed at parsley and tomato leaves (Golberg, 2011). It is known that hydratodes and trichomes are very helpful in colonization leaves by Salmonella (Gu et al., 2013; Barak et al., 2011; Gu et al., 2011).

By studying colonization over time, Klerks et al. (2007) found out that the highest number of bacteria was detected the twelfth day after beginning of inoculation. The same authors noticed the highest degree of bacterial colonization eighteenth day after inoculation at non disinfected plants. 

Our research showed that Salmonella typhimurium was able to colonize all investigated plants (Figures 1, 2, 3; Photos 1-5). 

Also, our previous experiments with Gfp-transformed bacteria showed that if human pathogen bacteria get into the interior of plant leaf, they are able to multiply themselves and this is in accordance with literature (Dong et al., 2003; Iniguez et al., 2005). Many studies showed that Salmonella spp. could be found in apoplast (intercellular spaces) and these bacteria are able to form biofilm in parsley root (Lapidot et al., 2006).  

 The human and animal infections by S. typhimurium depends on different factors and today it is known mechanism of penetration this bacteria in the epithelial cells of the mammalian host (Fields et al., 1986). The viability of Salmonella spp. in the environment without host organism is not still completely known, but it is evident that these bacteria are very adaptable to low pH and high temperature (Samelis et al., 2003). According to Nicholson et al. (2005), Salmonella spp. is not able to survive in the soil more than 900 days after inoculation.
 
There is evidence that plants have response to colonization of human pathogen bacteria. It includes immune response, expression of pathogenesis related  genes  (PRG). The experiment with mutants in T3SS showed that wild-strain is able to exceed the plant immune response (Schikora et al., 2012.).  

Wiedemann et al., (2014) showed that Salmonella attachment to plant surface is the most important step in colonization. There are some bacterial factors which are very helpful in this process such as lipopolysaccharides (LPS), fimbria and nonfimbrial adhesions, flagella. 

Also, there is differences in attachment Salmonella typhimurium to plant leaves and it depends on plant growing stage, better attachment is at older than at youger leaves (Kroupitski et al., 2011.).
 
Some research shows that the contaminated soil, for growing crops which are eaten in raw, could be very serious cause of infections by pathogenic bacteria (Brandl, 2006). The Salmonella spp. is able to reach soil mainly through manure, waste water and other waste materials which have organic origin.


Our results show that plants, which were endophytic colonized by Salmonela enterica serovar typhimurium, could be good model for further research of colonization mechanisms and Salmonella spp. pathogenicity in plants.  

Using Gfp-transformed bacteria in previous research as well as application FISH analysis, our research has proved surface and endophytic plant root colonization by Salmonella spp. The FISH method is used to detect nucleic acid sequences by means of a phylogenetic fluorescently labelled oligonucleotide probes that specifically hybridize to a complementary target sequence within the bacterial cell (Moter and Gobel, 2000; Eldor, 2007; Blomme and Handler, 2009).

Some confocal micrographs (Photo 4) indicate the presence of bacterial cells in the interior of the plant root cells (cytoplasm) but the mechanism of penetration bacteria remains still unknown.

It is not much important surface and interior colonization leaves, but for consumers, it is important translocation bacteria through plant and reach the fruits. It was detected translocation bacteria in tomato plants (Gu et al., 2011). These authors showed internalization bacteria in tomato fruits when the plant is systemically colonized.

It is known huge heterogeneity in colonization different plants by human pathogen. According to Gorbatsevich et al. (2013), about 20% of plant population is colonization by bacteria, but this range could reach from 20% to 100% and it depends on plant species and bacterial strains.   

Barak et al. (2011) showed that when it is done inoculation one tomato cultivar with one Salmonella strain, the interaction between plant and bacteria could be different and it depends on plant species and bacterial strains.

Based on the experimental results, Schikora et al. (2008) suggest that Salmonella spp. is able to inhabit the plant cells cytoplasm of Arabidopsis thaliana and using confocal microscopy, they noticed movement bacteria in the cytoplasm of plant cells. They found out Salmonella cells in the root hairs only 3 hours after inoculation and 17 hours after inoculation, the bacterial cells were noticed in rhizodermal plant cells. The caution in interpreting these results is necessary because it has still not clarified the exact mechanism of penetration human pathogen bacteria through the cell wall of plants.
Conclusion
All investigated Salmonella strains (Salmonella typhimurium LT2, Salmonella typhimurium ATCC14028, Salmonella typhimurium S1) showed ability in colonization vegetable plants. All strains were very good in surface and endophytic colonization plant roots. The Salmonella strains were frequently detected in intercellular spaces of roots all investigated plants. The strain Salmonella typhimurium ATCC 14028 was detected in the interior root cells at sweet corn but the mechanism of penetration bacterial cells through the plant cell wall is still unknown. The future research should be based on the mechanisms of plant response for bacterial colonization and mechanisms of bacterial entrance in plant cells.      
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Table list: 

Table 1. The characteristics and specificity of oligonucleotide probes and the strength of the deionized formamide used in the hybridization buffer 
	Bacteria
	Probe
	Specificity
	Binding position
	Sequence 50-30
	% FA
	Reference

	
	
	
	Target 

(rRNA)
	E. coli
	
	
	

	S. typhimurium
	Salm-63
	Salmonella sp.

Plesiomonas

shigelloides
	23 S
	1742-1760
	GCTGCCTCCCGTAGGAGT
	35
	W.Ludwig

(not pablished)

	All bacteria
	EUB-338
	Bacteria
	16 S
	338-355
	GCTGCCTCCCGTAGGAGT
	35
	Amann et al. (1990)
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Photo 1. The characteristic black colonies of Salmonella typhimurium S1 strain on XLD Agar (left) and SS Agar (right) which was used for plant inoculation 
[image: image3.emf] [image: image4.emf]
Photo 2. The seed germination in Petri-dishes with Nutrient Agar and checking of seed sterility 

(a – tomato seeds; b – carrot seeds)
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Photo 3. The plastic dishes and glass tubes with experimental plants inoculated by Salmonella strains (a – sweet corn in glass tubs; b – growing plants; c – tomato plants; d – spinach plants)

Figure list:

Figure 1. The number of Salmonella typhimurium LT2 cells in the surface
 and interior layers of vegetable roots (       root surface       root interior)
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Figure 2. The number of Salmonella typhimurium S1 cells in the surface 
and interior layers of vegetable roots (       root surface       root interior)   
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Figure 3. The number of Salmonella typhimurium ATCC 14028 cells in the surface 
and  interior layers of vegetable roots  (       root surface       root interior)
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Micrography 1. Colonization lettuce root (left), tomato root (middle), sweet corn root (right) by S. typhimurium LT2. The white arrows show bacterial microcolony (left picture) and single bacterial cells (middle and right picture) inside plant root. The bacterial cells are visible in yellow color.     
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Micrography 2.  Colonization celery root (left) and carrot root (right) by Salmonella typhimurium LT2. The left picture is orthogonal view of celery root and white arrows show single bacterial cells which is attached to root hair. The attachment Salmonella cells to the surface of carrot root is visible on right picture. The Salmonella cells are visible in yellow color.  
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Micrography 3. Colonization lettuce root (left) and parsley root by S. typhimurium S1. The white arrows show presence of Salmonella cells in intercellular spaces inside plant roots and bacteria cells are visible in yellow color.  
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Micrography 4. Colonization sweet corn root (left), lettuce root (middle), spinach root (right) by S. typhimurium ATCC 14028. On the left picture, the Salmonella cells are clear visible as single inside sweet corn root and like microcolomies on the root hairs. On the middle picture, the bacterial cells are visible in deep layers of lettuce root very close to xylem. The right picture shows attachment Salmonella cells to spinach root hairs.     
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Micrography 5. Colonization parsley (left) carrot (middle), celery (right) by S. typhimurium ATCC 14028. The white arrows show surface attachment bacterial cells to parsley and celery root (left and right picture). On the middle picture, the Salmonella cells are visible deeply inside carrot root.  
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		Carrot		Carrot

		Parsley		Parsley

		Celery		Celery

		Lettuce		Lettuce

		Spinach		Spinach

		Tomato		Tomato

		Sweet corn		Sweet corn



Root surface

Root interior

The number of bacteria / 1 mm3 aps. dry root

357550

109157

289957

105129

744971

207143

516774

124817

208166

70240

743741

164113

268298

67033



Sheet1

		

				1		mrkva (Daucus carota subsp. sativus)

				2		peršun (Petroselinum crispum)

				3		celer (Apium graveolens)

				4		zelena salata (Lactuca sativa)

				5		spanać (Spinacia oleracea)

				6		paradajz (Lycopersicon esculentum)

				7		kukuruz šećerac (Zea mays var. saccharata)

				1		E. coli pBA28 (Gfp)

				2		Pseudomonas aeruginosa PA01 (Gfp),

				3		Herbaspirillum frisingense GSF30BA28 (Gfp)

				4		Salmonella typhimurium LT2

				5		Salmonella typhimurium S1

				6		Salmonella typhimurium ATCC14028

				7		Listeria monocytogenes EGD-E

				8		Listeria monocytogenes sv4b

				9		Pseudomonas aeruginosa DSM50071,

				10		Ochrobactrum anthropi 1a DSM14396

				11		Roseomonas fauriae KACC11694

				12		Roseomonas genomospecies 6CCUG33010





4. Salmonella LT2

		

				Salmonella LT2

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Spanac		koren		povrsina		325		325		8		32				845000		32000000000		37870				1		Spanac		koren		povrsina		37870

										unutrasnjost		325		325		14		14				1478750		14000000000		9467										unutrasnjost		9467

				2		Spanac		koren		povrsina		325		325		7		44				739375		44000000000		59510				2		Spanac		koren		povrsina		59510		146842		146842

										unutrasnjost		325		325		15		18				1584375		18000000000		11361										unutrasnjost		11361		10414		10414

				3		Spanac		koren		povrsina		325		325		13		334				1373125		334000000000		243241				3		Spanac		koren		povrsina		243241

				4		Spanac		koren		povrsina		325		325		16		417				1690000		417000000000		246746				4		Spanac		koren		povrsina		246746

				5		Celer		koren		povrsina		325		150		8		67				390000		67000000000		171795				5		Celer		koren		povrsina		171795

										unutrasnjost		325		150		14		25				682500		25000000000		36630										unutrasnjost		36630

				6		Celer		koren		povrsina		325		50		22		62				357500		62000000000		173427				6		Celer		koren		povrsina		173427

										unutrasnjost		325		150		22		29				1072500		29000000000		27040										unutrasnjost		27040

				7		Celer		koren		povrsina		325		100		8		96				260000		96000000000		369231				7		Celer		koren		povrsina		369231

										unutrasnjost		325		150		16		38				780000		38000000000		48718										unutrasnjost		48718

				8		Celer		koren		povrsina		325		100		22		145				715000		145000000000		202797				8		Celer		koren		povrsina		202797		229313		229313

										unutrasnjost		325		150		22		63				1072500		63000000000		58741										unutrasnjost		58741		42782		42782

				9		Mrkva		koren				325		120		5		48				195000		48000000000		246154				9		Mrkva		koren				246154

										unutrasnjost		325		120		9		18				351000		18000000000		51282										unutrasnjost		51282

				10		Mrkva		koren		unutrasnjost		325		200		12		7				780000		7000000000		8974				10		Mrkva		koren		unutrasnjost		8974

				11		Mrkva		koren		povrsina		325		200		22		56				1430000		56000000000		39161				11		Mrkva		koren		povrsina		39161

										unutrasnjost		325		200		22		23				1430000		23000000000		16084										unutrasnjost		16084

				12		Mrkva		koren		povrsina		325		200		22		49				1430000		49000000000		34266				12		Mrkva		koren		povrsina		34266

										unutrasnjost		325		200		22		21				1430000		21000000000		14685										unutrasnjost		14685

				13		Mrkva		koren		povrsina		325		150		18		37				877500		37000000000		42165				13		Mrkva		koren		povrsina		42165

										unutrasnjost		325		150		18		12				877500		12000000000		13675										unutrasnjost		13675

				14		Mrkva		koren		povrsina		325		100		22		24				715000		24000000000		33566				14		Mrkva		koren		povrsina		33566

										unutrasnjost		325		100		22		9				715000		9000000000		12587										unutrasnjost		12587

				15		Mrkva		koren		povrsina		325		150		22		33				1072500		33000000000		30769				15		Mrkva		koren		povrsina		30769		35985		35985

										unutrasnjost		325		150		22		12				1072500		12000000000		11189										unutrasnjost		11189		18354		18354

				16		Zelena salata		koren		povrsina		325		200		22		465				1430000		465000000000		325175				16		Zelena salata		koren		povrsina		325175

										unutrasnjost		325		200		16		219				1040000		219000000000		210577										unutrasnjost		210577

				17		Zelena salata		koren		povrsina		325		200		22		261				1430000		261000000000		182517				17		Zelena salata		koren		povrsina		182517

										unutrasnjost		325		200		22		115				1430000		115000000000		80420										unutrasnjost		80420

				18		Zelena salata		koren		povrsina		325		325 (100)		22		193				715000		193000000000		269930				18		Zelena salata		koren		povrsina		269930

				19		Zelena salata		koren		povrsina		325		200		6		489				390000		489000000000		1253846				19		Zelena salata		koren		povrsina		1253846		507867		507867

										unutrasnjost		325		250		16		243				1300000		243000000000		186923										unutrasnjost		186923		159307		159307

				20		Paradajz		koren		povrsina		325		200		4		104				260000		104000000000		400000				20		Paradajz		koren		povrsina		400000

										unutrasnjost		325		200		12		73				780000		73000000000		93590										unutrasnjost		93590

				21		Paradajz		koren		povrsina		325		200		8		85				520000		85000000000		163462				21		Paradajz		koren		povrsina		163462

										unutrasnjost		325		200		14		56				910000		56000000000		61538										unutrasnjost		61538

				22		Paradajz		koren		povrsina		325		250		8		123				650000		123000000000		189231				22		Paradajz		koren		povrsina		189231

										unutrasnjost		325		250		14		94				1137500		94000000000		82637										unutrasnjost		82637

				23		Paradajz		koren		povrsina		325		200		4		146				260000		146000000000		561538				23		Paradajz		koren		povrsina		561538

										unutrasnjost		325		200		10		102				650000		102000000000		156923										unutrasnjost		156923

				24		Paradajz		koren		povrsina		325		200		4		147				260000		147000000000		565385				24		Paradajz		koren		povrsina		565385		375923		375923

										unutrasnjost		325		200		10		109				650000		109000000000		167692										unutrasnjost		167692		112476		112476

				25		Persun		koren		povrsina		325		200		4		16				260000		16000000000		61538				25		Persun		koren		povrsina		61538

										unutrasnjost		325		200		8		?				520000		?												unutrasnjost

				26		Persun		koren		povrsina		325		170		4		12				221000		12000000000		54299				26		Persun		koren		povrsina		54299

										unutrasnjost		325		170		8		?				442000		?												unutrasnjost

				27		Persun		koren		povrsina		325		120		22		18				858000		18000000000		20979				27		Persun		koren		povrsina		20979

										unutrasnjost		325		120		22		?				858000		?												unutrasnjost

				28		Persun		koren		povrsina		325		120		18		27				702000		27000000000		38462				28		Persun		koren		povrsina		38462

										unutrasnjost		325		120		18		?				702000		?												unutrasnjost

				29		Persun		koren		povrsina		325		200		4		39				260000		39000000000		150000				29		Persun		koren		povrsina		150000		65056		65056

										unutrasnjost		325		200		7		?				455000		?												unutrasnjost

				30		Kukuruz secerac		koren		povrsina		325		150		8		106				390000		106000000000		271795				30		Kukuruz secerac		koren		povrsina		271795

										unutrasnjost		325		150		14		82				682500		82000000000		120147										unutrasnjost		120147

				31		Kukuruz secerac		koren		povrsina		325		150		22		410				1072500		410000000000		382284				31		Kukuruz secerac		koren		povrsina		382284		341531		341531

										unutrasnjost		325		150		14		190				682500		190000000000		278388										unutrasnjost		278388		199268		199268

				32		Kukuruz secerac		koren		povrsina		325		200		12		289				780000		289000000000		370513				32		Kukuruz secerac		koren		povrsina		370513

										unutrasnjost		325		200		12		?				780000		?												unutrasnjost

																																Carrot		koren		Root surface		3.60E+04

																																				Root interior		1.84E+04

																																Parsley		koren		povrsina		6.51E+04

																																				unutrasnjost		0.00E+00		2.15E+04

																																Celery		koren		povrsina		2.29E+05

																																				unutrasnjost		4.28E+04

																																Lettuce		koren		povrsina		5.08E+05

																																				unutrasnjost		1.59E+05

																																Spinach		koren		povrsina		1.47E+05

																																				unutrasnjost		1.04E+04

																																Tomato		koren		povrsina		3.76E+05

																																				unutrasnjost		1.12E+05

																																Sweet corn		koren		povrsina		3.42E+05

																																				unutrasnjost		1.99E+05

																																														Grafik 52
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5. Salmonella S1

		

				Salmonella S1

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		120		20		47				780000		47000000000		60256				1		Zelena salata		koren		povrsina		60256

										unutrasnjost		325		120		20		34				780000		34000000000		43590										unutrasnjost		43590

				2		Zelena salata		koren		povrsina		325		150		6		159				292500		159000000000		543590				2		Zelena salata		koren		povrsina		543590

										unutrasnjost		325		150		14		93				682500		93000000000		136264										unutrasnjost		136264

				3		Zelena salata		koren		povrsina		325		150		6		152				292500		152000000000		519658				3		Zelena salata		koren		povrsina		519658

										unutrasnjost		325		150		14		75				682500		75000000000		109890										unutrasnjost		109890

				4		Zelena salata		koren		povrsina		325		150		6		276				292500		276000000000		943590				4		Zelena salata		koren		povrsina		943590		516774		516774

										unutrasnjost		325		150		14		143				682500		143000000000		209524										unutrasnjost		209524		124817		124817

				5		Celer		koren		povrsina		325		200		6		390				390000		390000000000		1000000				5		Celer		koren		povrsina		1000000

										unutrasnjost		325		200		12		186				780000		186000000000		238462										unutrasnjost		238462

				6		Celer		koren		povrsina		325		325		4		207				422500		207000000000		489941				6		Celer		koren		povrsina		489941		744971		744971

										unutrasnjost		325		325		7		130				739375		130000000000		175824										unutrasnjost		175824		207143		207143

				7		Persun		koren		povrsina		325		200		6		163				390000		163000000000		417949				7		Persun		koren		povrsina		417949

										unutrasnjost		325		200		14		84				910000		84000000000		92308										unutrasnjost		92308

				8		Persun		koren		povrsina		325		200		3		60				195000		60000000000		307692				8		Persun		koren		povrsina		307692		289957		289957

										unutrasnjost		325		200		3		23				195000		23000000000		117949										unutrasnjost		117949		105129		105129

				9		Persun		koren		povrsina		325		160		6		45				312000		45000000000		144231				9		Persun		koren		povrsina		144231

										unutrasnjost		325		160		14		?				728000		?												unutrasnjost

				10		Paradajz		koren		povrsina		325		200		6		173				390000		173000000000		443590				10		Paradajz		koren		povrsina		443590

										unutrasnjost		325		200		14		76				910000		76000000000		83516										unutrasnjost		83516

				11		Paradajz		koren		povrsina		325		170		4		182				221000		182000000000		823529				11		Paradajz		koren		povrsina		823529

										unutrasnjost		325		170		7		80				386750		80000000000		206852										unutrasnjost		206852

				12		Paradajz		koren		povrsina		325		150		6		282				292500		282000000000		964103				12		Paradajz		koren		povrsina		964103		743741		743741

										unutrasnjost		325		150		13		128				633750		128000000000		201972										unutrasnjost		201972		164113		164113

				13		Mrkva		koren		povrsina		325		150		6		76				292500		76000000000		259829				13		Mrkva		koren		povrsina		259829

										unutrasnjost		325		150		14		52				682500		52000000000		76190										unutrasnjost		76190

				14		Mrkva		koren		povrsina		325		150		4		106				195000		106000000000		543590				14		Mrkva		koren		povrsina		543590

										unutrasnjost		325		150		8		68				390000		68000000000		174359										unutrasnjost		174359

				15		Mrkva		koren		povrsina		325		200		6		105				390000		105000000000		269231				15		Mrkva		koren		povrsina		269231		357550		357550

										unutrasnjost		325		200		10		50				650000		50000000000		76923										unutrasnjost		76923		109157		109157

				16		Spanac		koren		povrsina		325		100		20		146				650000		146000000000		224615				16		Spanac		koren		povrsina		224615

				17		Spanac		koren		povrsina		325		200		13		162				845000		162000000000		191716				17		Spanac		koren		povrsina		191716		208166		208166

				18		Kukuruz secerac		koren		povrsina		325		100		22		218				715000		218000000000		304895				18		Kukuruz secerac		koren		povrsina		304895

				19		Kukuruz secerac		koren		povrsina		325		200		8		108				520000		108000000000		207692				19		Kukuruz secerac		koren		povrsina		207692

										unutrasnjost		325		200		14		66				910000		66000000000		72527										unutrasnjost		72527

				20		Kukuruz secerac		koren		povrsina		325		200		6		114				390000		114000000000		292308				20		Kukuruz secerac		koren		povrsina		292308		268298		268298

										unutrasnjost		325		200		10		40				650000		40000000000		61538										unutrasnjost		61538		67033		67033

																																Carrot		koren		Root surface		3.58E+05

																																				Root interior		1.09E+05

																																Parsley		koren		povrsina		2.90E+05

																																				unutrasnjost		1.05E+05

																																Celery		koren		povrsina		7.45E+05

																																				unutrasnjost		2.07E+05

																																Lettuce		koren		povrsina		5.17E+05

																																				unutrasnjost		1.25E+05

																																Spinach		koren		povrsina		2.08E+05

																																				unutrasnjost		0.00E+00		7.02E+04

																																Tomato		koren		povrsina		7.44E+05

																																				unutrasnjost		1.64E+05

																																Sweet corn		koren		povrsina		2.68E+05

																																				unutrasnjost		6.70E+04						Grafik 53
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																														3		Celery

																														4		Lettuce

																														5		Spinach
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6. Salmonella ATCC

		

				Salmonella ATCC

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		200		5		224				325000		224000000000		689231				1		Zelena salata		koren		povrsina		689231

										unutrasnjost		325		200		15		94				975000		94000000000		96410										unutrasnjost		96410

				2		Zelena salata		koren		povrsina		325		200		5		367				325000		367000000000		1129231				2		Zelena salata		koren		povrsina		1129231

										unutrasnjost		325		200		15		158				975000		158000000000		162051										unutrasnjost		162051

				3		Zelena salata		koren		povrsina		325		170		5		416				276250		416000000000		1505882				3		Zelena salata		koren		povrsina		1505882

										unutrasnjost		325		170		15		175				828750		175000000000		211161										unutrasnjost		211161

				4		Zelena salata		koren		povrsina		325		170		5		202				276250		202000000000		731222				4		Zelena salata		koren		povrsina		731222		1013891.5		1013892

										unutrasnjost		325		170		15		96				828750		96000000000		115837										unutrasnjost		115837		146365		146365

				5		Spanac		koren		povrsina		325		200		15		71				975000		71000000000		72821				5		Spanac		koren		povrsina		72821

										unutrasnjost		325		100		8		32				260000		32000000000		123077										unutrasnjost		123077

				6		Spanac		koren		povrsina		325		280		15		68				1365000		68000000000		49817				6		Spanac		koren		povrsina		49817

										unutrasnjost		325		200		5		26				325000		26000000000		80000										unutrasnjost		80000

				7		Spanac		koren		povrsina		325		150		20		104				975000		104000000000		106667				7		Spanac		koren		povrsina		106667

				8		Spanac		koren		povrsina		325		250		12		85				975000		85000000000		87179				8		Spanac		koren		povrsina		87179		79121		79121

										unutrasnjost		325		200		8		35				520000		35000000000		67308										unutrasnjost		67308		90128		90128

				9		Mrkva		koren		povrsina		325		200		5		180				325000		180000000000		553846				9		Mrkva		koren		povrsina		553846

										unutrasnjost		325		200		7		69				455000		69000000000		151648										unutrasnjost		151648

				10		Mrkva		koren		povrsina		325		200		5		144				325000		144000000000		443077				10		Mrkva		koren		povrsina		443077		498462		498462

										unutrasnjost		325		200		8		75				520000		75000000000		144231										unutrasnjost		144231		147940		147940

				11		Persun		koren		povrsina		150		325		3		50				146250		50000000000		341880				11		Persun		koren		povrsina		341880

										unutrasnjost		150		325		8		26				390000		26000000000		66667										unutrasnjost		66667

				12		Persun		koren		povrsina		325		250		3		45				243750		45000000000		184615				12		Persun		koren		povrsina		184615

										unutrasnjost		325		250		8		40				650000		40000000000		61538										unutrasnjost		61538

				13		Persun		koren		povrsina		325		200		5		35				325000		35000000000		107692				13		Persun		koren		povrsina		107692

										unutrasnjost		325		200		11		12				715000		12000000000		16783										unutrasnjost		16783

				14		Persun		koren		povrsina		325		200		5		15				325000		15000000000		46154				14		Persun		koren		povrsina		46154		170085		170085

										unutrasnjost		325		200		10		7				650000		7000000000		10769										unutrasnjost		10769		38939		38939

				15		Celer		koren		povrsina		325		100		5		15				162500		15000000000		92308				15		Celer		koren		povrsina		92308

										unutrasnjost		325		100		15		6				487500		6000000000		12308										unutrasnjost		12308

				16		Celer		koren		unutrasnjost		325		200		20		20				1300000		20000000000		15385				16		Celer		koren		unutrasnjost		15385

				17		Celer		koren		povrsina		325		200		4		21				260000		21000000000		80769				17		Celer		koren		povrsina		80769		86539		86539

										unutrasnjost		325		200		6		8				390000		8000000000		20513										unutrasnjost		20513		16069		16069

				18		Kukuruz secerac		koren		povrsina		325		100		7		259				227500		259000000000		1138462				18		Kukuruz secerac		koren		povrsina		1138462

										unutrasnjost		325		200		15		93				975000		93000000000		95385										unutrasnjost		95385

				19		Kukuruz secerac		koren		povrsina		325		100		7		248				227500		248000000000		1090110				19		Kukuruz secerac		koren		povrsina		1090110

										unutrasnjost		325		130		15		92				633750		92000000000		145168										unutrasnjost		145168

				20		Kukuruz secerac		koren		povrsina		325		100		8		187				260000		187000000000		719231				20		Kukuruz secerac		koren		povrsina		719231

										unutrasnjost		325		120		14		92				546000		92000000000		168498										unutrasnjost		168498

				21		Kukuruz secerac		koren		povrsina		325		200		5		371				325000		371000000000		1141538				21		Kukuruz secerac		koren		povrsina		1141538		1022335.25		1022335

										unutrasnjost		325		150		8		149				390000		149000000000		382051										unutrasnjost		382051		197776		197776

																																Carrot		koren		Root surface		4.98E+05

																																				Root interior		1.48E+05

																																Parsley		koren		povrsina		1.70E+05

																																				unutrasnjost		3.89E+04

																																Celery		koren		povrsina		8.65E+04

																																				unutrasnjost		1.61E+04

																																Lettuce		koren		povrsina		1.01E+06

																																				unutrasnjost		1.46E+05

																																Spinach		koren		povrsina		7.91E+04		7.91E+05

																																				unutrasnjost		9.01E+04

																																Tomato		koren		povrsina		0.00E+00		4.99E+05

																																				unutrasnjost		0.00E+00		1.21E+05

																																Sweet corn		koren		povrsina		1.02E+06

																																				unutrasnjost		1.98E+05
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				1		mrkva (Daucus carota subsp. sativus)

				2		peršun (Petroselinum crispum)

				3		celer (Apium graveolens)

				4		zelena salata (Lactuca sativa)

				5		spanać (Spinacia oleracea)

				6		paradajz (Lycopersicon esculentum)

				7		kukuruz šećerac (Zea mays var. saccharata)

				1		E. coli pBA28 (Gfp)

				2		Pseudomonas aeruginosa PA01 (Gfp),

				3		Herbaspirillum frisingense GSF30BA28 (Gfp)

				4		Salmonella typhimurium LT2

				5		Salmonella typhimurium S1

				6		Salmonella typhimurium ATCC14028

				7		Listeria monocytogenes EGD-E

				8		Listeria monocytogenes sv4b

				9		Pseudomonas aeruginosa DSM50071,

				10		Ochrobactrum anthropi 1a DSM14396

				11		Roseomonas fauriae KACC11694

				12		Roseomonas genomospecies 6CCUG33010





4. Salmonella LT2

		

				Salmonella LT2

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Spanac		koren		povrsina		325		325		8		32				845000		32000000000		37870				1		Spanac		koren		povrsina		37870

										unutrasnjost		325		325		14		14				1478750		14000000000		9467										unutrasnjost		9467

				2		Spanac		koren		povrsina		325		325		7		44				739375		44000000000		59510				2		Spanac		koren		povrsina		59510		146842		146842

										unutrasnjost		325		325		15		18				1584375		18000000000		11361										unutrasnjost		11361		10414		10414

				3		Spanac		koren		povrsina		325		325		13		334				1373125		334000000000		243241				3		Spanac		koren		povrsina		243241

				4		Spanac		koren		povrsina		325		325		16		417				1690000		417000000000		246746				4		Spanac		koren		povrsina		246746

				5		Celer		koren		povrsina		325		150		8		67				390000		67000000000		171795				5		Celer		koren		povrsina		171795

										unutrasnjost		325		150		14		25				682500		25000000000		36630										unutrasnjost		36630

				6		Celer		koren		povrsina		325		50		22		62				357500		62000000000		173427				6		Celer		koren		povrsina		173427

										unutrasnjost		325		150		22		29				1072500		29000000000		27040										unutrasnjost		27040

				7		Celer		koren		povrsina		325		100		8		96				260000		96000000000		369231				7		Celer		koren		povrsina		369231

										unutrasnjost		325		150		16		38				780000		38000000000		48718										unutrasnjost		48718

				8		Celer		koren		povrsina		325		100		22		145				715000		145000000000		202797				8		Celer		koren		povrsina		202797		229313		229313

										unutrasnjost		325		150		22		63				1072500		63000000000		58741										unutrasnjost		58741		42782		42782

				9		Mrkva		koren				325		120		5		48				195000		48000000000		246154				9		Mrkva		koren				246154

										unutrasnjost		325		120		9		18				351000		18000000000		51282										unutrasnjost		51282

				10		Mrkva		koren		unutrasnjost		325		200		12		7				780000		7000000000		8974				10		Mrkva		koren		unutrasnjost		8974

				11		Mrkva		koren		povrsina		325		200		22		56				1430000		56000000000		39161				11		Mrkva		koren		povrsina		39161

										unutrasnjost		325		200		22		23				1430000		23000000000		16084										unutrasnjost		16084

				12		Mrkva		koren		povrsina		325		200		22		49				1430000		49000000000		34266				12		Mrkva		koren		povrsina		34266

										unutrasnjost		325		200		22		21				1430000		21000000000		14685										unutrasnjost		14685

				13		Mrkva		koren		povrsina		325		150		18		37				877500		37000000000		42165				13		Mrkva		koren		povrsina		42165

										unutrasnjost		325		150		18		12				877500		12000000000		13675										unutrasnjost		13675

				14		Mrkva		koren		povrsina		325		100		22		24				715000		24000000000		33566				14		Mrkva		koren		povrsina		33566

										unutrasnjost		325		100		22		9				715000		9000000000		12587										unutrasnjost		12587

				15		Mrkva		koren		povrsina		325		150		22		33				1072500		33000000000		30769				15		Mrkva		koren		povrsina		30769		35985		35985

										unutrasnjost		325		150		22		12				1072500		12000000000		11189										unutrasnjost		11189		18354		18354

				16		Zelena salata		koren		povrsina		325		200		22		465				1430000		465000000000		325175				16		Zelena salata		koren		povrsina		325175

										unutrasnjost		325		200		16		219				1040000		219000000000		210577										unutrasnjost		210577

				17		Zelena salata		koren		povrsina		325		200		22		261				1430000		261000000000		182517				17		Zelena salata		koren		povrsina		182517

										unutrasnjost		325		200		22		115				1430000		115000000000		80420										unutrasnjost		80420

				18		Zelena salata		koren		povrsina		325		325 (100)		22		193				715000		193000000000		269930				18		Zelena salata		koren		povrsina		269930

				19		Zelena salata		koren		povrsina		325		200		6		489				390000		489000000000		1253846				19		Zelena salata		koren		povrsina		1253846		507867		507867

										unutrasnjost		325		250		16		243				1300000		243000000000		186923										unutrasnjost		186923		159307		159307

				20		Paradajz		koren		povrsina		325		200		4		104				260000		104000000000		400000				20		Paradajz		koren		povrsina		400000

										unutrasnjost		325		200		12		73				780000		73000000000		93590										unutrasnjost		93590

				21		Paradajz		koren		povrsina		325		200		8		85				520000		85000000000		163462				21		Paradajz		koren		povrsina		163462

										unutrasnjost		325		200		14		56				910000		56000000000		61538										unutrasnjost		61538

				22		Paradajz		koren		povrsina		325		250		8		123				650000		123000000000		189231				22		Paradajz		koren		povrsina		189231

										unutrasnjost		325		250		14		94				1137500		94000000000		82637										unutrasnjost		82637

				23		Paradajz		koren		povrsina		325		200		4		146				260000		146000000000		561538				23		Paradajz		koren		povrsina		561538

										unutrasnjost		325		200		10		102				650000		102000000000		156923										unutrasnjost		156923

				24		Paradajz		koren		povrsina		325		200		4		147				260000		147000000000		565385				24		Paradajz		koren		povrsina		565385		375923		375923

										unutrasnjost		325		200		10		109				650000		109000000000		167692										unutrasnjost		167692		112476		112476

				25		Persun		koren		povrsina		325		200		4		16				260000		16000000000		61538				25		Persun		koren		povrsina		61538

										unutrasnjost		325		200		8		?				520000		?												unutrasnjost

				26		Persun		koren		povrsina		325		170		4		12				221000		12000000000		54299				26		Persun		koren		povrsina		54299

										unutrasnjost		325		170		8		?				442000		?												unutrasnjost

				27		Persun		koren		povrsina		325		120		22		18				858000		18000000000		20979				27		Persun		koren		povrsina		20979

										unutrasnjost		325		120		22		?				858000		?												unutrasnjost

				28		Persun		koren		povrsina		325		120		18		27				702000		27000000000		38462				28		Persun		koren		povrsina		38462

										unutrasnjost		325		120		18		?				702000		?												unutrasnjost

				29		Persun		koren		povrsina		325		200		4		39				260000		39000000000		150000				29		Persun		koren		povrsina		150000		65056		65056

										unutrasnjost		325		200		7		?				455000		?												unutrasnjost

				30		Kukuruz secerac		koren		povrsina		325		150		8		106				390000		106000000000		271795				30		Kukuruz secerac		koren		povrsina		271795

										unutrasnjost		325		150		14		82				682500		82000000000		120147										unutrasnjost		120147

				31		Kukuruz secerac		koren		povrsina		325		150		22		410				1072500		410000000000		382284				31		Kukuruz secerac		koren		povrsina		382284		341531		341531

										unutrasnjost		325		150		14		190				682500		190000000000		278388										unutrasnjost		278388		199268		199268

				32		Kukuruz secerac		koren		povrsina		325		200		12		289				780000		289000000000		370513				32		Kukuruz secerac		koren		povrsina		370513

										unutrasnjost		325		200		12		?				780000		?												unutrasnjost

																																Carrot		koren		Root surface		3.60E+04

																																				Root interior		1.84E+04

																																Parsley		koren		povrsina		6.51E+04

																																				unutrasnjost		0.00E+00		2.15E+04

																																Celery		koren		povrsina		2.29E+05

																																				unutrasnjost		4.28E+04

																																Lettuce		koren		povrsina		5.08E+05

																																				unutrasnjost		1.59E+05

																																Spinach		koren		povrsina		1.47E+05

																																				unutrasnjost		1.04E+04

																																Tomato		koren		povrsina		3.76E+05

																																				unutrasnjost		1.12E+05

																																Sweet corn		koren		povrsina		3.42E+05

																																				unutrasnjost		1.99E+05
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5. Salmonella S1

		

				Salmonella S1

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		120		20		47				780000		47000000000		60256				1		Zelena salata		koren		povrsina		60256

										unutrasnjost		325		120		20		34				780000		34000000000		43590										unutrasnjost		43590

				2		Zelena salata		koren		povrsina		325		150		6		159				292500		159000000000		543590				2		Zelena salata		koren		povrsina		543590

										unutrasnjost		325		150		14		93				682500		93000000000		136264										unutrasnjost		136264

				3		Zelena salata		koren		povrsina		325		150		6		152				292500		152000000000		519658				3		Zelena salata		koren		povrsina		519658

										unutrasnjost		325		150		14		75				682500		75000000000		109890										unutrasnjost		109890

				4		Zelena salata		koren		povrsina		325		150		6		276				292500		276000000000		943590				4		Zelena salata		koren		povrsina		943590		516774		516774

										unutrasnjost		325		150		14		143				682500		143000000000		209524										unutrasnjost		209524		124817		124817

				5		Celer		koren		povrsina		325		200		6		390				390000		390000000000		1000000				5		Celer		koren		povrsina		1000000

										unutrasnjost		325		200		12		186				780000		186000000000		238462										unutrasnjost		238462

				6		Celer		koren		povrsina		325		325		4		207				422500		207000000000		489941				6		Celer		koren		povrsina		489941		744971		744971

										unutrasnjost		325		325		7		130				739375		130000000000		175824										unutrasnjost		175824		207143		207143

				7		Persun		koren		povrsina		325		200		6		163				390000		163000000000		417949				7		Persun		koren		povrsina		417949

										unutrasnjost		325		200		14		84				910000		84000000000		92308										unutrasnjost		92308

				8		Persun		koren		povrsina		325		200		3		60				195000		60000000000		307692				8		Persun		koren		povrsina		307692		289957		289957

										unutrasnjost		325		200		3		23				195000		23000000000		117949										unutrasnjost		117949		105129		105129

				9		Persun		koren		povrsina		325		160		6		45				312000		45000000000		144231				9		Persun		koren		povrsina		144231

										unutrasnjost		325		160		14		?				728000		?												unutrasnjost

				10		Paradajz		koren		povrsina		325		200		6		173				390000		173000000000		443590				10		Paradajz		koren		povrsina		443590

										unutrasnjost		325		200		14		76				910000		76000000000		83516										unutrasnjost		83516

				11		Paradajz		koren		povrsina		325		170		4		182				221000		182000000000		823529				11		Paradajz		koren		povrsina		823529

										unutrasnjost		325		170		7		80				386750		80000000000		206852										unutrasnjost		206852

				12		Paradajz		koren		povrsina		325		150		6		282				292500		282000000000		964103				12		Paradajz		koren		povrsina		964103		743741		743741

										unutrasnjost		325		150		13		128				633750		128000000000		201972										unutrasnjost		201972		164113		164113

				13		Mrkva		koren		povrsina		325		150		6		76				292500		76000000000		259829				13		Mrkva		koren		povrsina		259829

										unutrasnjost		325		150		14		52				682500		52000000000		76190										unutrasnjost		76190

				14		Mrkva		koren		povrsina		325		150		4		106				195000		106000000000		543590				14		Mrkva		koren		povrsina		543590

										unutrasnjost		325		150		8		68				390000		68000000000		174359										unutrasnjost		174359

				15		Mrkva		koren		povrsina		325		200		6		105				390000		105000000000		269231				15		Mrkva		koren		povrsina		269231		357550		357550

										unutrasnjost		325		200		10		50				650000		50000000000		76923										unutrasnjost		76923		109157		109157

				16		Spanac		koren		povrsina		325		100		20		146				650000		146000000000		224615				16		Spanac		koren		povrsina		224615

				17		Spanac		koren		povrsina		325		200		13		162				845000		162000000000		191716				17		Spanac		koren		povrsina		191716		208166		208166

				18		Kukuruz secerac		koren		povrsina		325		100		22		218				715000		218000000000		304895				18		Kukuruz secerac		koren		povrsina		304895

				19		Kukuruz secerac		koren		povrsina		325		200		8		108				520000		108000000000		207692				19		Kukuruz secerac		koren		povrsina		207692

										unutrasnjost		325		200		14		66				910000		66000000000		72527										unutrasnjost		72527

				20		Kukuruz secerac		koren		povrsina		325		200		6		114				390000		114000000000		292308				20		Kukuruz secerac		koren		povrsina		292308		268298		268298

										unutrasnjost		325		200		10		40				650000		40000000000		61538										unutrasnjost		61538		67033		67033

																																Carrot		koren		Root surface		3.58E+05

																																				Root interior		1.09E+05

																																Parsley		koren		povrsina		2.90E+05

																																				unutrasnjost		1.05E+05

																																Celery		koren		povrsina		7.45E+05

																																				unutrasnjost		2.07E+05

																																Lettuce		koren		povrsina		5.17E+05

																																				unutrasnjost		1.25E+05

																																Spinach		koren		povrsina		2.08E+05

																																				unutrasnjost		0.00E+00		7.02E+04

																																Tomato		koren		povrsina		7.44E+05

																																				unutrasnjost		1.64E+05

																																Sweet corn		koren		povrsina		2.68E+05

																																				unutrasnjost		6.70E+04						Grafik 53
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5. Salmonella S1
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6. Salmonella ATCC

		

				Salmonella ATCC

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		200		5		224				325000		224000000000		689231				1		Zelena salata		koren		povrsina		689231

										unutrasnjost		325		200		15		94				975000		94000000000		96410										unutrasnjost		96410

				2		Zelena salata		koren		povrsina		325		200		5		367				325000		367000000000		1129231				2		Zelena salata		koren		povrsina		1129231

										unutrasnjost		325		200		15		158				975000		158000000000		162051										unutrasnjost		162051

				3		Zelena salata		koren		povrsina		325		170		5		416				276250		416000000000		1505882				3		Zelena salata		koren		povrsina		1505882

										unutrasnjost		325		170		15		175				828750		175000000000		211161										unutrasnjost		211161

				4		Zelena salata		koren		povrsina		325		170		5		202				276250		202000000000		731222				4		Zelena salata		koren		povrsina		731222		1013891.5		1013892

										unutrasnjost		325		170		15		96				828750		96000000000		115837										unutrasnjost		115837		146365		146365

				5		Spanac		koren		povrsina		325		200		15		71				975000		71000000000		72821				5		Spanac		koren		povrsina		72821

										unutrasnjost		325		100		8		32				260000		32000000000		123077										unutrasnjost		123077

				6		Spanac		koren		povrsina		325		280		15		68				1365000		68000000000		49817				6		Spanac		koren		povrsina		49817

										unutrasnjost		325		200		5		26				325000		26000000000		80000										unutrasnjost		80000

				7		Spanac		koren		povrsina		325		150		20		104				975000		104000000000		106667				7		Spanac		koren		povrsina		106667

				8		Spanac		koren		povrsina		325		250		12		85				975000		85000000000		87179				8		Spanac		koren		povrsina		87179		79121		79121

										unutrasnjost		325		200		8		35				520000		35000000000		67308										unutrasnjost		67308		90128		90128

				9		Mrkva		koren		povrsina		325		200		5		180				325000		180000000000		553846				9		Mrkva		koren		povrsina		553846

										unutrasnjost		325		200		7		69				455000		69000000000		151648										unutrasnjost		151648

				10		Mrkva		koren		povrsina		325		200		5		144				325000		144000000000		443077				10		Mrkva		koren		povrsina		443077		498462		498462

										unutrasnjost		325		200		8		75				520000		75000000000		144231										unutrasnjost		144231		147940		147940

				11		Persun		koren		povrsina		150		325		3		50				146250		50000000000		341880				11		Persun		koren		povrsina		341880

										unutrasnjost		150		325		8		26				390000		26000000000		66667										unutrasnjost		66667

				12		Persun		koren		povrsina		325		250		3		45				243750		45000000000		184615				12		Persun		koren		povrsina		184615

										unutrasnjost		325		250		8		40				650000		40000000000		61538										unutrasnjost		61538

				13		Persun		koren		povrsina		325		200		5		35				325000		35000000000		107692				13		Persun		koren		povrsina		107692

										unutrasnjost		325		200		11		12				715000		12000000000		16783										unutrasnjost		16783

				14		Persun		koren		povrsina		325		200		5		15				325000		15000000000		46154				14		Persun		koren		povrsina		46154		170085		170085

										unutrasnjost		325		200		10		7				650000		7000000000		10769										unutrasnjost		10769		38939		38939

				15		Celer		koren		povrsina		325		100		5		15				162500		15000000000		92308				15		Celer		koren		povrsina		92308

										unutrasnjost		325		100		15		6				487500		6000000000		12308										unutrasnjost		12308

				16		Celer		koren		unutrasnjost		325		200		20		20				1300000		20000000000		15385				16		Celer		koren		unutrasnjost		15385

				17		Celer		koren		povrsina		325		200		4		21				260000		21000000000		80769				17		Celer		koren		povrsina		80769		86539		86539

										unutrasnjost		325		200		6		8				390000		8000000000		20513										unutrasnjost		20513		16069		16069

				18		Kukuruz secerac		koren		povrsina		325		100		7		259				227500		259000000000		1138462				18		Kukuruz secerac		koren		povrsina		1138462

										unutrasnjost		325		200		15		93				975000		93000000000		95385										unutrasnjost		95385

				19		Kukuruz secerac		koren		povrsina		325		100		7		248				227500		248000000000		1090110				19		Kukuruz secerac		koren		povrsina		1090110

										unutrasnjost		325		130		15		92				633750		92000000000		145168										unutrasnjost		145168

				20		Kukuruz secerac		koren		povrsina		325		100		8		187				260000		187000000000		719231				20		Kukuruz secerac		koren		povrsina		719231

										unutrasnjost		325		120		14		92				546000		92000000000		168498										unutrasnjost		168498

				21		Kukuruz secerac		koren		povrsina		325		200		5		371				325000		371000000000		1141538				21		Kukuruz secerac		koren		povrsina		1141538		1022335.25		1022335

										unutrasnjost		325		150		8		149				390000		149000000000		382051										unutrasnjost		382051		197776		197776

																																Carrot		koren		Root surface		4.98E+05

																																				Root interior		1.48E+05

																																Parsley		koren		povrsina		1.70E+05

																																				unutrasnjost		3.89E+04

																																Celery		koren		povrsina		8.65E+04

																																				unutrasnjost		1.61E+04

																																Lettuce		koren		povrsina		1.01E+06

																																				unutrasnjost		1.46E+05

																																Spinach		koren		povrsina		7.91E+04		7.91E+05

																																				unutrasnjost		9.01E+04

																																Tomato		koren		povrsina		0.00E+00		4.99E+05

																																				unutrasnjost		0.00E+00		1.21E+05

																																Sweet corn		koren		povrsina		1.02E+06

																																				unutrasnjost		1.98E+05
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6. Salmonella ATCC
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				1		mrkva (Daucus carota subsp. sativus)

				2		peršun (Petroselinum crispum)

				3		celer (Apium graveolens)

				4		zelena salata (Lactuca sativa)

				5		spanać (Spinacia oleracea)

				6		paradajz (Lycopersicon esculentum)

				7		kukuruz šećerac (Zea mays var. saccharata)

				1		E. coli pBA28 (Gfp)

				2		Pseudomonas aeruginosa PA01 (Gfp),

				3		Herbaspirillum frisingense GSF30BA28 (Gfp)

				4		Salmonella typhimurium LT2

				5		Salmonella typhimurium S1

				6		Salmonella typhimurium ATCC14028

				7		Listeria monocytogenes EGD-E

				8		Listeria monocytogenes sv4b

				9		Pseudomonas aeruginosa DSM50071,

				10		Ochrobactrum anthropi 1a DSM14396

				11		Roseomonas fauriae KACC11694

				12		Roseomonas genomospecies 6CCUG33010





4. Salmonella LT2

		

				Salmonella LT2

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Spanac		koren		povrsina		325		325		8		32				845000		32000000000		37870				1		Spanac		koren		povrsina		37870

										unutrasnjost		325		325		14		14				1478750		14000000000		9467										unutrasnjost		9467

				2		Spanac		koren		povrsina		325		325		7		44				739375		44000000000		59510				2		Spanac		koren		povrsina		59510		146842		146842

										unutrasnjost		325		325		15		18				1584375		18000000000		11361										unutrasnjost		11361		10414		10414

				3		Spanac		koren		povrsina		325		325		13		334				1373125		334000000000		243241				3		Spanac		koren		povrsina		243241

				4		Spanac		koren		povrsina		325		325		16		417				1690000		417000000000		246746				4		Spanac		koren		povrsina		246746

				5		Celer		koren		povrsina		325		150		8		67				390000		67000000000		171795				5		Celer		koren		povrsina		171795

										unutrasnjost		325		150		14		25				682500		25000000000		36630										unutrasnjost		36630

				6		Celer		koren		povrsina		325		50		22		62				357500		62000000000		173427				6		Celer		koren		povrsina		173427

										unutrasnjost		325		150		22		29				1072500		29000000000		27040										unutrasnjost		27040

				7		Celer		koren		povrsina		325		100		8		96				260000		96000000000		369231				7		Celer		koren		povrsina		369231

										unutrasnjost		325		150		16		38				780000		38000000000		48718										unutrasnjost		48718

				8		Celer		koren		povrsina		325		100		22		145				715000		145000000000		202797				8		Celer		koren		povrsina		202797		229313		229313

										unutrasnjost		325		150		22		63				1072500		63000000000		58741										unutrasnjost		58741		42782		42782

				9		Mrkva		koren				325		120		5		48				195000		48000000000		246154				9		Mrkva		koren				246154

										unutrasnjost		325		120		9		18				351000		18000000000		51282										unutrasnjost		51282

				10		Mrkva		koren		unutrasnjost		325		200		12		7				780000		7000000000		8974				10		Mrkva		koren		unutrasnjost		8974

				11		Mrkva		koren		povrsina		325		200		22		56				1430000		56000000000		39161				11		Mrkva		koren		povrsina		39161

										unutrasnjost		325		200		22		23				1430000		23000000000		16084										unutrasnjost		16084

				12		Mrkva		koren		povrsina		325		200		22		49				1430000		49000000000		34266				12		Mrkva		koren		povrsina		34266

										unutrasnjost		325		200		22		21				1430000		21000000000		14685										unutrasnjost		14685

				13		Mrkva		koren		povrsina		325		150		18		37				877500		37000000000		42165				13		Mrkva		koren		povrsina		42165

										unutrasnjost		325		150		18		12				877500		12000000000		13675										unutrasnjost		13675

				14		Mrkva		koren		povrsina		325		100		22		24				715000		24000000000		33566				14		Mrkva		koren		povrsina		33566

										unutrasnjost		325		100		22		9				715000		9000000000		12587										unutrasnjost		12587

				15		Mrkva		koren		povrsina		325		150		22		33				1072500		33000000000		30769				15		Mrkva		koren		povrsina		30769		35985		35985

										unutrasnjost		325		150		22		12				1072500		12000000000		11189										unutrasnjost		11189		18354		18354

				16		Zelena salata		koren		povrsina		325		200		22		465				1430000		465000000000		325175				16		Zelena salata		koren		povrsina		325175

										unutrasnjost		325		200		16		219				1040000		219000000000		210577										unutrasnjost		210577

				17		Zelena salata		koren		povrsina		325		200		22		261				1430000		261000000000		182517				17		Zelena salata		koren		povrsina		182517

										unutrasnjost		325		200		22		115				1430000		115000000000		80420										unutrasnjost		80420

				18		Zelena salata		koren		povrsina		325		325 (100)		22		193				715000		193000000000		269930				18		Zelena salata		koren		povrsina		269930

				19		Zelena salata		koren		povrsina		325		200		6		489				390000		489000000000		1253846				19		Zelena salata		koren		povrsina		1253846		507867		507867

										unutrasnjost		325		250		16		243				1300000		243000000000		186923										unutrasnjost		186923		159307		159307

				20		Paradajz		koren		povrsina		325		200		4		104				260000		104000000000		400000				20		Paradajz		koren		povrsina		400000

										unutrasnjost		325		200		12		73				780000		73000000000		93590										unutrasnjost		93590

				21		Paradajz		koren		povrsina		325		200		8		85				520000		85000000000		163462				21		Paradajz		koren		povrsina		163462

										unutrasnjost		325		200		14		56				910000		56000000000		61538										unutrasnjost		61538

				22		Paradajz		koren		povrsina		325		250		8		123				650000		123000000000		189231				22		Paradajz		koren		povrsina		189231

										unutrasnjost		325		250		14		94				1137500		94000000000		82637										unutrasnjost		82637

				23		Paradajz		koren		povrsina		325		200		4		146				260000		146000000000		561538				23		Paradajz		koren		povrsina		561538

										unutrasnjost		325		200		10		102				650000		102000000000		156923										unutrasnjost		156923

				24		Paradajz		koren		povrsina		325		200		4		147				260000		147000000000		565385				24		Paradajz		koren		povrsina		565385		375923		375923

										unutrasnjost		325		200		10		109				650000		109000000000		167692										unutrasnjost		167692		112476		112476

				25		Persun		koren		povrsina		325		200		4		16				260000		16000000000		61538				25		Persun		koren		povrsina		61538

										unutrasnjost		325		200		8		?				520000		?												unutrasnjost

				26		Persun		koren		povrsina		325		170		4		12				221000		12000000000		54299				26		Persun		koren		povrsina		54299

										unutrasnjost		325		170		8		?				442000		?												unutrasnjost

				27		Persun		koren		povrsina		325		120		22		18				858000		18000000000		20979				27		Persun		koren		povrsina		20979

										unutrasnjost		325		120		22		?				858000		?												unutrasnjost

				28		Persun		koren		povrsina		325		120		18		27				702000		27000000000		38462				28		Persun		koren		povrsina		38462

										unutrasnjost		325		120		18		?				702000		?												unutrasnjost

				29		Persun		koren		povrsina		325		200		4		39				260000		39000000000		150000				29		Persun		koren		povrsina		150000		65056		65056

										unutrasnjost		325		200		7		?				455000		?												unutrasnjost

				30		Kukuruz secerac		koren		povrsina		325		150		8		106				390000		106000000000		271795				30		Kukuruz secerac		koren		povrsina		271795

										unutrasnjost		325		150		14		82				682500		82000000000		120147										unutrasnjost		120147

				31		Kukuruz secerac		koren		povrsina		325		150		22		410				1072500		410000000000		382284				31		Kukuruz secerac		koren		povrsina		382284		341531		341531

										unutrasnjost		325		150		14		190				682500		190000000000		278388										unutrasnjost		278388		199268		199268

				32		Kukuruz secerac		koren		povrsina		325		200		12		289				780000		289000000000		370513				32		Kukuruz secerac		koren		povrsina		370513

										unutrasnjost		325		200		12		?				780000		?												unutrasnjost

																																Carrot		koren		Root surface		3.60E+04

																																				Root interior		1.84E+04

																																Parsley		koren		povrsina		6.51E+04

																																				unutrasnjost		0.00E+00		2.15E+04

																																Celery		koren		povrsina		2.29E+05

																																				unutrasnjost		4.28E+04

																																Lettuce		koren		povrsina		5.08E+05

																																				unutrasnjost		1.59E+05

																																Spinach		koren		povrsina		1.47E+05

																																				unutrasnjost		1.04E+04

																																Tomato		koren		povrsina		3.76E+05

																																				unutrasnjost		1.12E+05

																																Sweet corn		koren		povrsina		3.42E+05

																																				unutrasnjost		1.99E+05
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5. Salmonella S1

		

				Salmonella S1

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		120		20		47				780000		47000000000		60256				1		Zelena salata		koren		povrsina		60256

										unutrasnjost		325		120		20		34				780000		34000000000		43590										unutrasnjost		43590

				2		Zelena salata		koren		povrsina		325		150		6		159				292500		159000000000		543590				2		Zelena salata		koren		povrsina		543590

										unutrasnjost		325		150		14		93				682500		93000000000		136264										unutrasnjost		136264

				3		Zelena salata		koren		povrsina		325		150		6		152				292500		152000000000		519658				3		Zelena salata		koren		povrsina		519658

										unutrasnjost		325		150		14		75				682500		75000000000		109890										unutrasnjost		109890

				4		Zelena salata		koren		povrsina		325		150		6		276				292500		276000000000		943590				4		Zelena salata		koren		povrsina		943590		516774		516774

										unutrasnjost		325		150		14		143				682500		143000000000		209524										unutrasnjost		209524		124817		124817

				5		Celer		koren		povrsina		325		200		6		390				390000		390000000000		1000000				5		Celer		koren		povrsina		1000000

										unutrasnjost		325		200		12		186				780000		186000000000		238462										unutrasnjost		238462

				6		Celer		koren		povrsina		325		325		4		207				422500		207000000000		489941				6		Celer		koren		povrsina		489941		744971		744971

										unutrasnjost		325		325		7		130				739375		130000000000		175824										unutrasnjost		175824		207143		207143

				7		Persun		koren		povrsina		325		200		6		163				390000		163000000000		417949				7		Persun		koren		povrsina		417949

										unutrasnjost		325		200		14		84				910000		84000000000		92308										unutrasnjost		92308

				8		Persun		koren		povrsina		325		200		3		60				195000		60000000000		307692				8		Persun		koren		povrsina		307692		289957		289957

										unutrasnjost		325		200		3		23				195000		23000000000		117949										unutrasnjost		117949		105129		105129

				9		Persun		koren		povrsina		325		160		6		45				312000		45000000000		144231				9		Persun		koren		povrsina		144231

										unutrasnjost		325		160		14		?				728000		?												unutrasnjost

				10		Paradajz		koren		povrsina		325		200		6		173				390000		173000000000		443590				10		Paradajz		koren		povrsina		443590

										unutrasnjost		325		200		14		76				910000		76000000000		83516										unutrasnjost		83516

				11		Paradajz		koren		povrsina		325		170		4		182				221000		182000000000		823529				11		Paradajz		koren		povrsina		823529

										unutrasnjost		325		170		7		80				386750		80000000000		206852										unutrasnjost		206852

				12		Paradajz		koren		povrsina		325		150		6		282				292500		282000000000		964103				12		Paradajz		koren		povrsina		964103		743741		743741

										unutrasnjost		325		150		13		128				633750		128000000000		201972										unutrasnjost		201972		164113		164113

				13		Mrkva		koren		povrsina		325		150		6		76				292500		76000000000		259829				13		Mrkva		koren		povrsina		259829

										unutrasnjost		325		150		14		52				682500		52000000000		76190										unutrasnjost		76190

				14		Mrkva		koren		povrsina		325		150		4		106				195000		106000000000		543590				14		Mrkva		koren		povrsina		543590

										unutrasnjost		325		150		8		68				390000		68000000000		174359										unutrasnjost		174359

				15		Mrkva		koren		povrsina		325		200		6		105				390000		105000000000		269231				15		Mrkva		koren		povrsina		269231		357550		357550

										unutrasnjost		325		200		10		50				650000		50000000000		76923										unutrasnjost		76923		109157		109157

				16		Spanac		koren		povrsina		325		100		20		146				650000		146000000000		224615				16		Spanac		koren		povrsina		224615

				17		Spanac		koren		povrsina		325		200		13		162				845000		162000000000		191716				17		Spanac		koren		povrsina		191716		208166		208166

				18		Kukuruz secerac		koren		povrsina		325		100		22		218				715000		218000000000		304895				18		Kukuruz secerac		koren		povrsina		304895

				19		Kukuruz secerac		koren		povrsina		325		200		8		108				520000		108000000000		207692				19		Kukuruz secerac		koren		povrsina		207692

										unutrasnjost		325		200		14		66				910000		66000000000		72527										unutrasnjost		72527

				20		Kukuruz secerac		koren		povrsina		325		200		6		114				390000		114000000000		292308				20		Kukuruz secerac		koren		povrsina		292308		268298		268298

										unutrasnjost		325		200		10		40				650000		40000000000		61538										unutrasnjost		61538		67033		67033

																																Carrot		koren		Root surface		3.58E+05

																																				Root interior		1.09E+05

																																Parsley		koren		povrsina		2.90E+05

																																				unutrasnjost		1.05E+05

																																Celery		koren		povrsina		7.45E+05

																																				unutrasnjost		2.07E+05

																																Lettuce		koren		povrsina		5.17E+05

																																				unutrasnjost		1.25E+05

																																Spinach		koren		povrsina		2.08E+05

																																				unutrasnjost		0.00E+00		7.02E+04

																																Tomato		koren		povrsina		7.44E+05

																																				unutrasnjost		1.64E+05

																																Sweet corn		koren		povrsina		2.68E+05

																																				unutrasnjost		6.70E+04

																																														Grafik 53
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																														3		Celer

																														4		Zelena salata
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																														6		Paradajz

																														7		Kukuruz šećerac
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6. Salmonella ATCC

		

				Salmonella ATCC

				Br. mikrofrafije		Biljka						X (μm)		Y (μm)		Z (μm)		br. bakterija				zapremina u µm3								Br. mikrofrafije		Biljka						broj celija / 1 mm3

				1		Zelena salata		koren		povrsina		325		200		5		224				325000		224000000000		689231				1		Zelena salata		koren		povrsina		689231

										unutrasnjost		325		200		15		94				975000		94000000000		96410										unutrasnjost		96410

				2		Zelena salata		koren		povrsina		325		200		5		367				325000		367000000000		1129231				2		Zelena salata		koren		povrsina		1129231

										unutrasnjost		325		200		15		158				975000		158000000000		162051										unutrasnjost		162051

				3		Zelena salata		koren		povrsina		325		170		5		416				276250		416000000000		1505882				3		Zelena salata		koren		povrsina		1505882

										unutrasnjost		325		170		15		175				828750		175000000000		211161										unutrasnjost		211161

				4		Zelena salata		koren		povrsina		325		170		5		202				276250		202000000000		731222				4		Zelena salata		koren		povrsina		731222		1013891.5		1013892

										unutrasnjost		325		170		15		96				828750		96000000000		115837										unutrasnjost		115837		146365		146365

				5		Spanac		koren		povrsina		325		200		15		71				975000		71000000000		72821				5		Spanac		koren		povrsina		72821

										unutrasnjost		325		100		8		32				260000		32000000000		123077										unutrasnjost		123077

				6		Spanac		koren		povrsina		325		280		15		68				1365000		68000000000		49817				6		Spanac		koren		povrsina		49817

										unutrasnjost		325		200		5		26				325000		26000000000		80000										unutrasnjost		80000

				7		Spanac		koren		povrsina		325		150		20		104				975000		104000000000		106667				7		Spanac		koren		povrsina		106667

				8		Spanac		koren		povrsina		325		250		12		85				975000		85000000000		87179				8		Spanac		koren		povrsina		87179		79121		79121

										unutrasnjost		325		200		8		35				520000		35000000000		67308										unutrasnjost		67308		90128		90128

				9		Mrkva		koren		povrsina		325		200		5		180				325000		180000000000		553846				9		Mrkva		koren		povrsina		553846

										unutrasnjost		325		200		7		69				455000		69000000000		151648										unutrasnjost		151648

				10		Mrkva		koren		povrsina		325		200		5		144				325000		144000000000		443077				10		Mrkva		koren		povrsina		443077		498462		498462

										unutrasnjost		325		200		8		75				520000		75000000000		144231										unutrasnjost		144231		147940		147940

				11		Persun		koren		povrsina		150		325		3		50				146250		50000000000		341880				11		Persun		koren		povrsina		341880

										unutrasnjost		150		325		8		26				390000		26000000000		66667										unutrasnjost		66667

				12		Persun		koren		povrsina		325		250		3		45				243750		45000000000		184615				12		Persun		koren		povrsina		184615

										unutrasnjost		325		250		8		40				650000		40000000000		61538										unutrasnjost		61538

				13		Persun		koren		povrsina		325		200		5		35				325000		35000000000		107692				13		Persun		koren		povrsina		107692

										unutrasnjost		325		200		11		12				715000		12000000000		16783										unutrasnjost		16783

				14		Persun		koren		povrsina		325		200		5		15				325000		15000000000		46154				14		Persun		koren		povrsina		46154		170085		170085

										unutrasnjost		325		200		10		7				650000		7000000000		10769										unutrasnjost		10769		38939		38939

				15		Celer		koren		povrsina		325		100		5		15				162500		15000000000		92308				15		Celer		koren		povrsina		92308

										unutrasnjost		325		100		15		6				487500		6000000000		12308										unutrasnjost		12308

				16		Celer		koren		unutrasnjost		325		200		20		20				1300000		20000000000		15385				16		Celer		koren		unutrasnjost		15385

				17		Celer		koren		povrsina		325		200		4		21				260000		21000000000		80769				17		Celer		koren		povrsina		80769		86539		86539

										unutrasnjost		325		200		6		8				390000		8000000000		20513										unutrasnjost		20513		16069		16069

				18		Kukuruz secerac		koren		povrsina		325		100		7		259				227500		259000000000		1138462				18		Kukuruz secerac		koren		povrsina		1138462

										unutrasnjost		325		200		15		93				975000		93000000000		95385										unutrasnjost		95385

				19		Kukuruz secerac		koren		povrsina		325		100		7		248				227500		248000000000		1090110				19		Kukuruz secerac		koren		povrsina		1090110

										unutrasnjost		325		130		15		92				633750		92000000000		145168										unutrasnjost		145168

				20		Kukuruz secerac		koren		povrsina		325		100		8		187				260000		187000000000		719231				20		Kukuruz secerac		koren		povrsina		719231

										unutrasnjost		325		120		14		92				546000		92000000000		168498										unutrasnjost		168498

				21		Kukuruz secerac		koren		povrsina		325		200		5		371				325000		371000000000		1141538				21		Kukuruz secerac		koren		povrsina		1141538		1022335.25		1022335

										unutrasnjost		325		150		8		149				390000		149000000000		382051										unutrasnjost		382051		197776		197776

																																Carrot		koren		Root surface		4.98E+05

																																				Root interior		1.48E+05

																																Parsley		koren		povrsina		1.70E+05

																																				unutrasnjost		3.89E+04

																																Celery		koren		povrsina		8.65E+04

																																				unutrasnjost		1.61E+04

																																Lettuce		koren		povrsina		1.01E+06

																																				unutrasnjost		1.46E+05

																																Spinach		koren		povrsina		7.91E+04		7.91E+05

																																				unutrasnjost		9.01E+04

																																Tomato		koren		povrsina		0.00E+00		4.99E+05

																																				unutrasnjost		0.00E+00		1.21E+05

																																Sweet corn		koren		povrsina		1.02E+06

																																				unutrasnjost		1.98E+05
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																														7		Kukuruz šećerac
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