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Salt Stress Response in Hydroponic Tomato (Solanum lycopersicum L) 

Treated with( PGPB) 

By 

Taj Matar Salahat 

Supervisor 

Dr. Heba Al-Fares 

Abstract 

This research was designed to evaluate and measure the impact of 

various level of sodium chloride (NaCl) on tomato plant in the presence or 

absence of Pseudomonas fluorescence bacteria. The study conducted under 

hydroponic system using one variety of tomato plant under different 

salinity levels (0,100,150) mM with and without P. fluorescence. 

The lines in the system was irrigated with different concentrations of 

NaCl, each salinity level was subjected to inoculation with P. fluorescence 

and no inoculation. The result of this study showed that salt stress without 

P. fluorescence inoculation caused reduction in growth and yield parameter 

such as (shoot height, fruit number, flowering intensity, number of leaves, 

root mass, and fresh and dry weight.....). the most remarkable effect of P. 

fluorescence inoculation was a twofold  increase in flowering intensity and 

fruit number and more than threefold increase in fruit weight. Which 

indicate higher productive due to the P. fluorescence inoculation.   

The chemical analysis showed accumulation of sodium and chloride 

in root for inoculated plant with bacteria in relation to salinity and no 

interaction between bacterial inoculation and salinity in Ca, N, Na and Cl 

leaf content, which might indicates a response of osmotic potential. results 
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that plant inoculated with P. fluorescence revealed less N content than non-

inoculated plant with 0.18% compared to 0.29% respectively. 

However, Plant Growth Promoting Bacteria (PGPB) can improve 

and enhance plant growth and development, also stress adaptation in 

present of salinity this lead to improve and enhance plant growth and yield. 

The inoculation of remarkably of P. fluorescence increased plant 

height, number of leaves and flower, total biomass of plant, early 

flowering, enhance root system also increased absorption of (K and P) in 

root and leaf, The Ca in root was 5% for inoculated plant with P. 

fluorescence at control level compared with 4.83% for non-inoculated plant 

at the same level of salinity. Plant inoculated with P. fluorescence showed 

moderate tolerance to salt stress than non-inoculated plant. 

Many studies revealed that the effect of high salinity on bacteria 

activity throw increase osmotic strength and toxic effect but present of salt 

tolerant bacteria as (P. fluorescence) might increase productivity of plant 

under saline condition. 

The study revealed that the effect of saline irrigation water in 

(hydroponic system),degree of effect that reduced by addition of P. 

fluorescence to plant than non-inoculated. 
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Chapter One 

Introduction 

1.1 Introduction 

             Plants in general respond and perceive quickly to the 

environmental changes. Plants have incubated within a complicated 

biochemical, physiological and molecular mechanisms to adapt into various 

stresses. The plants stress divided due to its origins into two basic types, 

those are: The a biotic stress which include of physical or chemical 

reactions (light, salinity…etc.). The second is biotic stress which caused by 

living organism (bacteria, fungus…etc.) (Kovács, 2017). Plants count on a 

phytohormones array to regulate responses of biotic and a biotic stresses 

(Bostock et al, 2014).  

             One of the most important plants around the world is the tomato 

(Solanum lycopersicum), It considered as the second most significant 

horticultural product with great economic importance which is cultivated in 

the worldwide. Tomato has its food importance which led to be bred in 

order to improve productivity, fruit quality, and resistance to all stress‟s 

types. Tomato has been widely also used as a research material which 

considered as organism model of the Solanaceae family which made it take 

a huge place as a main subject of the studies (Kimura & Sinha, 2008; 

Gutierrez, 2018). Moreover, tomato has a high content of potassium and 

antioxidants such as Vitamin A, ascorbic acid, lycopene, and tocopherols 
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which offers a beneficial effect on the human being health (Naranjo et al, 

2016; Renna et al, 2018).  

             On the other hand, one of the most common affective a biotic 

stresses worldwide is the soil saline which is an agriculture virtual problem 

that decrease plants growth and reduce the crop productivity 

(Allakhverdiev et al, 2000; Munns, 2002). Salinity is a prevailing stress 

that generates Reactive Oxygen Species (ROS), and those are (     , 

(   ) and (   ) which lead to the damages in the plants DNA, RNA and 

proteins (Jaleel et al, 2009; Mittler, 2002). These ROS also lead to the 

destruction of clorophy11 and damage the activity of root meristem 

(Foeman et al, 2003).   

              The records of soil Stalinization history can be followed even 

since the early civilization centuries where the humanity and salinity have 

lived aside each other. In Mesopotamia there is a good proof of early 

civilizations that flourished and failed according to human-induced 

Stalinization. 

             In later soil salinity records it was considered as a dynamic and 

globally spreading issue in over than 100 countries; there is no continent 

completely free from salinity, where the affected salt areas in each 

continent are Australia 38.4%, Asia 33.9%, America 15.8%, Africa 8.6%, 

Europe 3.30% (Abrol et al. 1988; Szabolcs 1974; Massoud 1977). Its 

projected in the future that Soil Stalinization will increase due to the 

scenarios of climate change, sea level rise, coastal areas impact, and 
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temperature rise which will inevitably lead to increment evaporation and 

extra Stalinization. Soil salinity can affect the ecosystems to an extent 

where they no longer can provide „environmental services‟ to their full 

potential. It can be assumed according to the earlier gathered data in the 

1970s and 1980s, salinization has expanded as newly affected areas most 

probably exceed the areas restored through rehabilitation and reclamation 

(Shahid et al, 2018).  

            Soil salinization is one of the serious problems that is increasing 

steadily in many regions of the world, precisely in arid and semi-arid areas 

(Abdel Latef, 2010). There is a long list of countries where salt-induced 

land degradation occurs. Some well-known regions where salinization is 

extensively reported include the Aral Sea Basin in Central Asia, the Indo-

Gangetic Basin in India, the Indus Basin in Pakistan, the Yellow River 

Basin in China, the Euphrates Basin in Syria and Iraq, the Murray-Darling 

Basin in Australia, and the San Joaquin Valley in the United States (Qadir 

et al. 2014). Salinity affects 50% of cultivated lands and 20% of irrigated 

lands around the world, while Food and Agriculture Organization (FAO)  

statistics salinity affects 800 million hectares of lands worldwide (Cheng et 

al, 2012; Hernández, 2019). Salinized soil occupies 7% of the earth‟s 

surface land (Ruiz-Lozano et al., 2001) and in arable land increased 

salinization lead to 50% land loss through the 21st century middle years 

(Wang et al., 2003). At the present time, around 77 million hectares out of 

1.5 billion hectares which is around of 5% of the worldwide cultivated land 

is affected by excess salt content (Sheng et al., 2008). In agriculture, the 
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usage of saline water gradually increased in front of the short usage of fresh 

water. Accordingly, areas affected by Salt increased while arable lands 

abandoned due to salinity (Habib et al, 2016).  

            In Palestine, salinity is a main threat where the lands in West Bank 

is composed mostly of limestone hills with heights from 700 to 900 meters, 

the lowest point is the dead sea area with 410 meters below the sea level 

while the highest is Tall Assure with 1,022 meter above the sea level, 12% 

of the West Bank land is desert, saline or eroded. Furthermore, the water in 

West Bank has a high salinity, according to spring saline presence and the 

return of irrigation water. Moreover, Jericho city one of the most affected 

cities of soil salinity in West Bank which is related to its location near 

Jordan River; the salinity problem is rapidly spreading due to the huge 

accumulation of chemicals such as fertilizers and pesticides in addition to 

the low rainfall percentage which makes the dilution very slow (United 

Nation Environment Programme, 2002). 

           On the other side of Palestine lands, Gaza Strip lands and those are a 

sand dune along the Mediterranean Sea, it‟s a foreshore plain form that 

slopes up to 90 meters elevation, where the sea is warm and saline. 

However, the main reason of Stalinization in West Bank and Gaza Strip is 

the subterranean saline water bodies with other natural environmental 

effects that expected to escalate the salinity threat in Palestinians lands. 

Accordingly, desalination became increasingly one of the most important 
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strategies in Palestine in order to achieve environmentally sustainable use 

of the lands (United Nation Environment Programme, 2002). 

             Salinity tolerance property is not a simple attribute, but it is a result 

of several features that depend on different physiological interactions, 

which are complicated to determine. The morphological appearance 

appeared on the plant in response to salinity, may not be enough to specify 

salinity effect accordingly it is important to perceive other factors such as 

the physiological and biochemical, those include toxic ions, lack of 

elements, osmotic potential and other disorders, as well as the interactions 

within or between these several stresses (Munns, 1993, 2002; Neumann, 

1997; Yao, 1998; Hasegewa et al., 2000). 

           The effect of salt stress on plants growth can‟t be strictly 

determined, but the main effects are: the huge connection between the 

decrease in plant length and the increase in the sodium chloride 

concentration (Houimli et al., 2008; Rui et al., 2009; Memon et al., 2010). 

Several studies showed that the effect of different NaCl concentrations is 

negative on the leaf area (Zhao et al., 2007; Yilmaz and Kina, 2008; Rui et 

al., 2009). The salinity has also a harmful influence on the leaf number 

which increases with the increase in concentration (Jamil et al. 2005; Gama 

et al. 2007; Ha et al. 2008). The shoot system fresh and dry weights are 

also affected by saline soil, either negatively or positively through the 

changes in salinity concentration (Rui et al., 2009; Taffouo et al., 2009, 

2010; Memon et al., 2010). Increasing the negativity of the osmotic 



6 

 

potential of the leaf sap is a result of salt stress of many plants undergo 

osmotic regulation (Kaymakanova and Stoeva, 2008; Kaymakanova et al., 

2008). Salinity although has an inhibitory effect on biochemical processes, 

of which photosynthesis is the most important. The studies of (Misra et al., 

2006; Murillo-Amador et al., 2007; Taffouo et al., 2010) clearly indicated 

that salinity reduces the pigments content of photosynthetic in treated 

plants. Protein content can also be affected negatively or positively by salt 

stress (Beltagi et al., 2006; Chen et al., 2007; Kapoor and Srivastava, 2010) 

these studies also demonstrated changes in protein content in plants treated 

by various salt concentrations. 

          Agriculture plays a pioneering role in the development of economic 

in many countries. However, salinity, which affects most world areas, 

represents one of the main obstacles that terminate the expansion of the 

agricultural area or the agricultural production evolution for many crops. 

High salinity caused mainly by the high soluble salts concentration in 

irrigation waters and the high evaporation rate caused by the high 

temperatures, inefficient drainage, or soil type. Tomato is one of the 

important economic crops used as food for both people and animals, 

besides its capacity to tolerate salinity.  

        In light of these problems and other factorial struggles made by the 

occupation against the Palestinians to enhance their lands and environment, 

this study investigates an approach that can help in minimizing salinity 

effects on plants in Palestine, the method assessed on the most essential and 
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economical plant which is tomato. Where the study examines the effects of 

inoculation with a strain of Preseudomonas fluorescence on the plant 

growth it is a widespread species that survive in the soil and the water with 

various chemical textures under various climatic statuses. It has a robust 

variability with secondary pathogen for nosocomial infections. The study 

examined under hydroponic system which is a modified and customized 

mechanism due to nutrition solution and supporting media reuse and 

recycling. Although it is the most popular technique in relative to its 

efficient resource‟s management and food production. 

1.2 Preseudomonas fluorescence  

           Generally, Preseudomonas fluorescence is a widespread species that 

survive in the soil and the water with various chemical textures under 

various climatic statuses. Because of its robust variability it is a secondary 

pathogen for nosocomial infections. In phytopathology, it is recognized as 

a portion of the soil resident microflora and as a co-pathogen in several 

plants‟ diseases (Stoyanova & Bogatzevska, 2015). Preseudomonas 

fluorescence is a heterogeneous species that is classified mainly as a 

saprophyte but it also associated with food spoilage (Palleroni, 1984). 

            The group of P. fluorescence species are mainly based on a diverse 

group of bacteria that can in general be visually distinct from other 

pseudomonades' through their ability in producing a water-soluble yellow-

green pigment. According to (Palleroni et al, 1973) who defined it as they are 

“typically gram-negative, chemo heterotrophic motile rods with polar flagella 
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and are grouped in rRNA homology group I”. This method of classification 

provides the division of all Pseudomonas spp. types to five groups based on 

the relationship to their rRNA genes, which in the evolution course undergo 

fewer changes than most other DNA sequences. Preseudomonas fluorescence 

as mentioned before is divided into five biovars (Palleroni, 1984). Biovar V is 

the most diverse in the strains of nutritional needs and it includes of strains 

that have lost some diagnostic characteristics (Palleroni, 1984; Bradbury, 

1986). The strains of phytopathogenic cause soft rot in onions, garlic, 

hyacinth, gloxinia, dahlia, lettuce, cabbage, alfalfa, flax, tobacco, potato and 

some lesser-known plants in Russia and Europe. Atypical strain is the 

pathogen of cacti six genera (Kabashna, 1975; Bradbury, 1986). The types of 

Preseudomonas fluorescence that known as plant pathogens are beneficial for 

plants. Several strains lead to systemic resistance induction, it‟s a 

phenomenon where plants hypersensitive response is activated instead of 

disease development, through at least two mechanisms (Nelson, 2004; 

Compant et al, 2005). Moreover, fluorescence preseudomonads have simple 

requirements of nutrition‟s which is reflected by the relative to these 

organism‟s abundance in nature. Those organisms found in soils, foliage, 

sediments, fresh water, and seawater. The group species type, Preseudomonas 

aeruginosa, is classified as a secondary pathogen of animals. The fluorescence 

preseudomonads as a group are of primary significance in diverse areas such 

as medical pathogenicity, food spoilage, plant pathogenicity, and biological 

control (O'sullivant & O'gara, 1992)  
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            Through the last three decades, research illustrated the implicit 

potential of exploiting certain bacteria for the biocontrol of plant crop 

diseases. According to (Burr & Caesar, 1984; Schroth & Hancock, 1981) 

plant growth promotion rhizobacteria have been isolated and demonstrated 

to protect plants root crop. While due to (Lifshitz et al, 1981) some plant 

growth-promoting rhizobacteria can promote plant growth through plant 

hormones secreting. Due to (Kloepper et al, 1988; Kloepper et al, 1980; 

Suslow, 1982; Suslow & Schroth, 1982) Fluorescent Pseudomonas spp. 

have been emerged as the largest and most promising group with high 

potential for plant growth-promoting rhizobacteria(PGPR).   

         P. fluorescence species for plant growth stimulation highly reported, 

where the bacteria ideally suited as soil inoculants because of their rapid 

potential. This feature alone is suggested as a disease control mechanism 

by preventing the detrimental soil microorganism‟s invasion onto the root 

surface (Altman, 1970). Significant increases in potatoes growth and yield 

in greenhouse and field trials reported by (Burr et al, 1978; Kloepper et al, 

1988; Geels et al, 1986) with specified strains. Sugar beet yield increased 

from 20 to 85%, for disease control by fluorescence preseudomonas 

obtained in greenhouse trials (Suslow & Schroth. 1982). The root and shoot 

fresh weight increased for tomato, cucumber, lettuce, and potato as a 

bacterization result of Preseudomonas strains documented by (Van & 

Schippers. 1988). Fluorescent Pseudomonas has been also implied in the 

control of phytophthora root rot of soybean (Lifshitz et al, 1987), tobacco 

black root rot (Keel et al, 1989), potato seed decay according to Erwinia 
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carotovora (Xu & Gross, 1986), several wilt diseases according to 

Fusarium spp. (Kloepper et al, 1980; Scher & Baker, 1982; Sneh et al, 

1984), besides the fungal diseases of orange and lemon citrus roots 

(Gardner et al, 1984) and ornamental plants (Yuen & Schroth, 1986). 

1.3 Hydroponic System 

           The word hydroponics derived from a combination of two Greek 

words, hydro, which means water, and ponos, which means labor “working 

water”. Hydroponic growing techniques began experimentally in the late 

1920s (Gericke, 1940; Glass, 1989). Gericke suggested that the capability 

of crops production would no longer be “chained to the soil but certain 

commercial crops could be grown in larger quantities without soil in basins 

containing solutions of plant food”. Gericke failed to contemplate that the 

hydroponic growing would be essentially bounded to enclosed 

environments for growing high cash value crops and would not find its way 

into a wide range production of commercially grown crops in an open 

environment (Jones, 2014; Gericke, 1940). 

           Hydroponics have many definition statements through dictionaries 

and encyclopedias, it defined by (Webster’s New World College 

Dictionary, 4
th

 edition, 1999) as “the science of growing or the production 

of plants in nutrient-rich solutions or moist inert material, instead of soil”; 

according to the (Random House Webster’s College Dictionary, 1999) 

defined as “the cultivation of plants by placing the roots in liquid nutrient 

solutions rather than in soils; soilless growth of plants”; while in the 
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(Encyclopedia Americana, international edition, 2000), hydroponics is 

defined as “the practice of growing plants in liquid nutrient cultures rather 

than in soil” 

The definitions of hydroponics differ due to various books and 

articles, the most comprehensive definition implied by (Devries, 2003) who 

defined hydroponic plant culture as “one in which all nutrients are supplied 

to the plant through the irrigation water, with the growing substrate being 

soilless (inorganic), and that the plant is grown to produce flowers or fruits 

that are harvested for sale”. In addition, “Hydroponics used to be 

considered a system where there was no growing media at all, such as the 

Nutrient Film Technique(NFT) in vegetables. But today it‟s accepted that a 

soilless growing medium is often used to support the plant root system 

physically and provide for a favorable buffer of solution around the root 

system”.  

 

Figure 1:Hydrobonic System  
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    Among the previous hydroponic definitions, it can be generally 

defined as a plant growing technique in nutrition solution with or without 

the usage of inert medium in order to provide the mechanical support. 

Purdue University researchers in 1940 developed nutria-culture system, 

through 1960s and 70s many countries developed commercial hydroponics 

farms. However, most hydroponic systems automatically operate in order 

to control the amount of water, nutrients and photoperiod based on 

different plants requirements (Resh, 2013; Sharma et al, 2018). Methods 

for sufficiently food growth have been evolved due to the urbanization and 

industrialization. Growth medium modification is an alternative for 

sustainable production and to conserve land and water resources. In the 

present scenario, soil less cultivation might be initiated successfully and its 

alternate option for healthy food growing plants, crops or vegetables 

(Butler and Oebker, 2006). 

Agriculture without soil mechanisms includes hydro agriculture 

(Hydroponics), aqua agriculture (Aquaponics) and aerobic agriculture 

(Aeroponics) besides the substrate culture. Among these hydroponics 

techniques is the most popular because of its efficient resource‟s 

management and food production. The Hydroponic system is modified and 

customized due to nutrition solution and supporting media reuse and 

recycling. The most common used systems are the wick, ebb-flow, drip, 

nutrition film technique (NFT), and deep-water culture (Sharma et al, 

2018) 
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  Improving salt tolerance is one of the farthest soil problems, despite 

the massive work amount that has been done on it most studies evaluated 

genetic variation in salt resistance in crop plants had been performed in 

controlled or semi-controlled environments at single level of salt stress with 

no validation of the results under field conditions. The majority of work on 

developing selection criteria for salt tolerance improvement has been done 

using solution culture, either in hydroponic or supported hydroponic systems 

(Munns et al. 2002; Genc et al. 2007), or by using sand-based systems 

(Munns 2002), with the potential supposition of the Na+ exclusion differences 

in hydroponic systems it will result in improved field performance. Strong 

proof to support this is the ability and lacking of the solution culture to 

identify genotypes that have optimum yield under stressed conditions within 

the field needs (Gregory et al. 2009). The soil solid matrix can affect salinity 

in two primary ways; First, the soil influences cation exchange complex where 

the relative cations and anions activities in the soil solution, is a factor that 

does not take place in hydroponics. Second, an important salinity feature in 

the field is the effects of the soil‟s physical properties, in addition to the soil 

solution characteristics, together determines soil water potential and water 

uptake. Plants growing in saline soils not only have to cope with the effects of 

soil solution high salts but also with the effects of the potential soil matric, 

whereas water uptake in hydroponics is only affected by the nutrient solution 

osmotic potential (Tavakkoli et al, 2012). 
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Furthermore, studies made under controlled conditions generally 

involve imposing Stalinization on seedlings over a relative short period 

whereas the salinity stress in the field effects on a higher level of spatial 

and temporal variation (James et al., 2008; Rajendran et al., 2009; Kopittke 

et al., 2011; Tavakkoli, 2011). Although, efforts to improve crop yields 

under salinity stress also had a limited success because of the mechanisms 

available knowledge of salt tolerance has not been turned into beneficial 

selection criteria to evaluate a genotypes wide range within across species. 

Experiments have been made to assess salt tolerance at germination and 

emergence stages in wheat and barley, and large genotypic differences 

were reported (Munns et al., 2000; Chen et al., 2008; James et al., 2008), 

but this early assessment appears to have little relationship to the overall 

performance under saline conditions (Munns et al., 2002). 

 Where the expected outcome is the toxicity effect reduction of saline 

water in plant which will be associated with increase in growth and 

production. Where this research focus on answering the following 

questions: 

1. What is the impact or function of Preseudomonas fluorescence on 

tomato plant irrigated with saline water? 

2. What is the impact or function of Preseudomonas fluorescence 

inoculums on tomato using the hydroponic system? 
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1.4 Objectives 

            The study objectives divided into two main sections, those are the 

general objectives where the main work idea introduced and the specified 

objectives where the sub ideas of the work described.  

1.4.1 General Objectives 

           The study investigates the effect of Preseudomonas fluorescence on 

hydroponic tomato plant irrigated with saline water.  

1.4.2 Specific Objectives 

The specific objectives are the sub objectives of the main idea and 

those are: 

1. To evaluate the impact of Preseudomonas fluorescence on the growth of 

tomato plant under saline stress conditions. 

2. To determine the impact of salinity on some plant growth parameters in 

the presence or absence of Preseudomonas fluorescence to assess the 

role of Preseudomonas fluorescence on improve tolerance of tomato to 

salinity condition. 

3. To determine the growth responses of tomato plant grown under 

hydroponics system with induced salinity in the presence 

Preseudomonas fluorescence. 
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Chapter Two 

Literature Review 

Literature Review 

     This section of the research concentrates on the study background 

and the literature review. The review in this study will consider the 

previous and current studies on the influence of salinity stress on the 

different growth parameters, yield and its components and other 

parameters. Also, will consider the symbiotic association with Tomato 

plant that may reduce the effect of salinity on the plant. This review will be 

classified under the following topics: 

2.1 Soil Salinity 

          According to (Egorov et al, 1997) the soil salinity defined as “The 

group of salt-affected soils includes soils containing soluble salts or their 

ions in at least one of their horizons in quantities that are above the 

threshold of toxicity – the maximal permissible concentration of salts that 

does not suppress plant growth”.  

            According to the previous definitions, the researcher define salinity 

as a major factor that menace agricultural crops capacity to sustain the 

human population growth. High soluble salts concentration is the main 

characteristics of salinity which reduce the crops yield significantly. Saline 

soils are the soils with Electrical Conductivity (EC) of soil saturation that 

extract more than 4 dS m
-1 

at 25°C and generates osmotic pressure with 0.2 
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MPa. Generally, salts found in saline soils include sulfates and chlorine of 

Ca, Mg, K and Na.  

Saline soils can be characterized as: (Sharm et al, 2016)  

1. Very high soluble salts concentration in the soil solution that 

accordingly lead to a high osmotic pressure in the soil solution. The 

osmotic pressure related the up taken water and plant growth. This 

results plants wilting and nutrient deficiency. The content of more of 

0.1% of the salts is injurious to the growth of plants.    

2. Soil saturation Electrical Conductivity (EC) extraction is important for 

the saline soil assessment for the plant growth, it expressed in dS m
-1

. 

The salinity affect is negligible under 2 dS m
-1

. Very sensitive crops 

have yields restricted between 2 and 4 dS m
-1

, while many crops have 

yields restricted to 2 and 8 dS m
-1

. Moreover, tolerant crops yield only 

have a satisfactory between (8 – 18)and (2 - 4 )dS m
-1

. 

3. The determination of boron concentration of water-soluble is a 

substantial parameter for saline soils characterization. The boron 

concentration is unsafe for plant growth in the case it was above 1.5 

ppm.  

4. Another important soil saline characteristic is the soil texture. In which 

the sandy soil with 0.1% concentration of salt cause injury to the 

common crop‟s growth, while in clay soils crops grow normally with 

the same salt concentration. Saturation percentage is a characteristic 
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property for each and all soils. Soil texture and EC simultaneously 

extracted for salinity appraisal.  

         There are two main types of soil salinity, the first is primary salinity 

according to natural resources which occurs in soils and water. The 

processes of natural salt accumulation associated with specified types of 

relief, hydrogeological and geomorphological conditions. It implied with 

high table of groundwater, impeded or absence of drainage with only the 

processes of evaporation and transpiration to control the groundwater table. 

The second type is the secondary salinity due to irrational use of the land 

inappropriate practices of the agriculture which occurs as an outcome of 

excessive input of water through the leaching and irrigation of soils in the 

case of appropriate drainage system absence which lead to rapid raising of 

groundwater table (Chirva et al, 1990).  

            The soil salinity is a complex multi-functional phenomenon which 

caused by various factors. The major source of soil salinity are salts 

presented originally within parent materials, mineralized ground and 

surface waters as well as wind-blown deposits. Stalinization causes can be 

classified as followed:  

             The Natural Cause: The development of most sodic and saline 

soils is due to the natural geological, hydrological and pedological 

processes. Some of the parent materials of those soils include the igneous 

rocks, volcanic rocks, sandstones, and alluvium deposits (Wanjogu et al., 

2001). Another major natural salinization causes are the factors of climate 



19 

 

and management of water. In arid and semi-arid lands evaporation and 

transpiration processes play a vital role in the pedogenesis of saline and 

sodic soils. In coastal areas, another type of salinity occurs due to tides and 

the main cause is saline water intrusion into rivers (Cyrus et al., 1997) or 

aquifers (Howard and Mullings, 1996). Coastal crops in Asia are frequently 

affected by sea water exposure introduced by cyclones around the Indian 

Ocean (Sultana et al., 2001). Rainfall lead to wind and deposited that 

carried ocean salts inland and those are cyclic salts, and are mainly sodium 

chloride. Depending on prevailing winds and distance from the sea-coast 

the composition of rain water greatly varies.  

            Anthropogenically induced salinity: The salinization of secondary 

salt affected soils are caused by human factors, fundamentally as a 

consequence of improper irrigation methods. Poor quality water is 

predominantly used for irrigation, which eventually builds up the salt 

within the soil unless the irrigation system management is in the case of 

salts are leaching from the soil profile. According to (Szaboles,1992) 

estimated that fifty percent of all irrigated planners are salt affected.  

2.2 Salinity Effect on Plant Growth 

          In high salt environment plants are stressed in two ways, firstly, the 

imposed water stress by the rooting medium osmotic potential boost as a 

result of high-solute content, secondly, the toxic effect of ions high 

concentration. Few plant species have adapted to saline stress, but the 

majority plants crops are susceptible, they may not survive or survive but 
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with low yield. Soil salinity cause the reduction in biomass production by 

affecting substantial physiological and biochemical processes of the plant 

(Ahmad and John, 2005; Ahmad, 2010; Ahmad and Sharma, 2010). 

           In the case of low salt concentrations, yields are either mildly 

affected or not affected at all (Maggio et al. 2001). Through the salt 

concentration raising the yield reduction is drastic in which most plants 

crops are not able to grow at high salt concentrations. On the contrary, 

halophytes can survive salinity and have the capability to grow on saline 

soils of coastal and arid regions due to specific salt tolerance mechanisms 

development during their adaptation of phylogenetic. High salinity affects 

plants in various ways such as the water stress, ion toxicity, nutritional 

disorders, oxidative stress, metabolic processes alteration, membrane 

disorganization, cell division and expansion reduction, and genotoxicity 

(Munns, 2002b; Zhu, 2007). These factors together inhibit plant growth and 

development which may affect plant survival.  

          All the major processes are affected during the onset and 

development of salt stress within a plant, and those consist of 

photosynthesis, protein synthesis, enzyme activity and energy, and lipid 

metabolism (Parida and Das, 2005). Therefore, the occurrence of premature 

senescence of older leaves and toxicity symptoms as the chlorosis and 

necrosis happen on mature leaves (Hasegawa et al, 2000). In the initial 

stages, plants experience water stress that lead to the leaf expansion 

reduction. The salinity stress osmotic effects can be immediately observed 
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after salt application and continue for the salt exposure duration, which 

results the inhibition of cell expansion and division along with stomatal 

closure (Flowers, 2004).  

         Plants experience ionic stress during long-term salinity exposure, 

which lead to adult leaves premature senescence and thus a reduction in the 

available photosynthetic area that support further growth (Cramer and 

Nowak, 1992). High salinity affects rhizosphere, which is bioenergetically 

taxing as microorganisms need an osmotic balance to be maintained 

between their cytoplasm and the surrounding medium while excluding 

sodium ions from the cell interior, where sufficient energy is required for 

osmoadaptation (Oren, 2002; Jiang et al, 2007). 

           The description of characteristic over different time scales in the 

plant‟s development from the imposition of salinity stress till maturity 

provided by (Munns, 2002a). After moments of salinization, cells 

dehydrate and shrink but regain their original volume after hours. Despite 

this recovery, cell elongation and cell division are reduced, leading to the 

reduction of leaf and root growth rates. 
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Figure 2: Two-phase growth response to salinity for genotypes differing in the leaves salt 

toxicity rates. (Munns R., 2005) 

Through the next days, reduction in cell division and cell elongation 

transfer into slower leaf appearance and size. Severely salt-stressed plants 

often develop visual injury because of excessive salt uptake. After a few 

weeks, the development of lateral shoot is affected, after some months, 

obvious differences occur in the overall growth and the injury observed 

between salt-stressed plants and their non-stressed controls. Based on these 

sequential differences in plants response to salinity, a two-phase model 

describing the osmotic and ionic effects of salt stress proposed by (Munns, 

2002a; Munns, 2005) shown in (Figure 2).  

           Plant genotypes identification capable of increased tolerance to salt 

and incorporation of these desirable traits into an economically useful crop 

plants may help in the effect of salinity reduction on productivity. Plants 

sensitive or tolerant to salinity differ in the salt reaches toxic levels rate in 

the leaves. The timescale is based on days, weeks or months, depending on 
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the species and the salinity level. During phase 1, growth of both types of 

plants is reduced because of the osmotic effect of the saline solution 

outside the roots. During phase 2, old leaves in sensitive plant die and 

reduce the plant photosynthetic capacity, this exerts oneself an additional 

effect on growth. However, the salt tolerance mechanisms of physiological, 

biochemical, and molecular in plants are not yet sufficiently understood, 

accordingly the progress of developing salt-tolerant crops has been slow 

(Lauchli and Grattan, 2007). 

           Many studies investigated the salt stress effect on plants growth 

reported that plant height decrease due to sodium chloride concentration 

increasing (Gama et al, 2007; Memon et al, 2010). Another baleful effect of 

salt stress is the decreasing of leaves number (Gama et al, 2007; Han et al, 

2006). Salt accumulation in the root zone causes the development of 

osmotic stress and disrupts cell ion homeostasis (Paranychianakis et al, 

2005). Salt stress although decreases yield due to productivity decreasing 

(Pascale et al, 2015). Generally, salinity increased fruit dry matter content, 

total soluble solids (TSS), and acid content. Salt stress also increase 

carotenoid content and antioxidant activity. 

2.3 Salinity Effect on Tomato Plant 

          Tomato is one of the most important crops around the world, it has 

growth specification under a wide range of production systems. Soil 

salinity is a critical constraint for tomato cultivation in optimal climate 

areas (Yurtseven et al., 2005). Tomato is a moderate crop for salt tolerant 
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(Maas, 1986) with considerable differences cultivar (Dasgan et al., 2002). 

Moreover, salt abiotic stress has been found to deactivate several 

physiological processes in plants which leads to growth and yield 

reductions (Yurtseven et al., 2005). In recent time, salt stress control 

applied in tomato cultivation in order to produce greatest market value of 

fruits (Zushi and Matsuzoe, 2009). Many studies concentrated on the effect 

of salinity stress on tomato growth system, these can be classified as 

followed. 

2.3.1 Salinity Effects on the Growth of Tomato Root  

            Root plays a crucial role in plant growth; this related to the direct 

contact with the solution of salt under soilless cultivation. The plant root 

growth, physiology and morphology are affected by salinity. Tomato root 

growth under soilless cultivation affected negatively by salinity. According 

to (Leo, 1964) revealed that high salinity decreased roots elongation rates 

and found out that compared with the control nutrient solution, tomato root 

subjected to 1% NaCl solution reduced at 26% of the elongation rate. 

According to (Snapp et al, 1991), salinity reduced the density of tomato 

root length in the late growing season. While due to (Albacete et al, 2008) 

had provided data about fresh tomato root where the weight reduced by 

(30%) after three weeks under saline conditions.  

           Furthermore, (Evlagon et al, 1992) found that the length of the root 

reduced by (54%) after 4 days Hoagland solution salinized exposure, while 

the surface area reduced by (20%) when (100 mM Ca) was added to the 
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salinized solution. (Schwarz and Grosch, 2003) also reported that tomato 

root fresh and dry mass, total length of the root, adventitious root number, 

root tap, and lateral root decreased with increasing EC of nutrient solution.  

         However, root growth reduction under salinity stress is caused by 

growth restriction of the root cell, water stress of root-zone and the increase 

of root disease. The growth tomato under salinity stress condition lead to 

the root cell growth restriction, as a result of external medium low water 

potential, the ions and/or the toxicity of accumulated ions interference 

(Cuartero and Fernandez, 1999). Due to (Satti & Lopez, 1994) the root dry 

matter reduction in could be a result of salinity induced water stress. 

(Snapp et al, 1991) had also reported that salinity reduced net root growth 

in field grown tomato. 

2.3.2 Salinity Effects on the Growth of Tomato Leaf  

          Many studies examined the salinity effects on several functions at the 

leaf scale. The senior impacts of the increasing salinity are leaf 

photosynthesis reduction (Maggio et al, 2007), and the transpiration in the 

leaf besides the plant water status (Romero-Aranda et al, 2001; Maggio et 

al, 2004). In addition to the leaf and plant functions variations, another 

important aspect of salinity in plants is salinity strong effect on plant 

structure (Maggio et al, 2004; Romero-Aranda et al, 2006).       

          The increase of salinity has been documented to affect varied 

morphological variables. Such as the stem elongation and thickening 

reduction (Bartolini et al, 1991; Franco et al, 1993), total leaf area, leaf size 
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and maximum leaf length (Maggio et al, 2004; Romero-Aranda et al, 

2006), rates of leaf growth (Munns, 1993; Yilmaz et al, 2004; Chenu et al, 

2008a), absolute and relative growth rates of plant (Carneiro et al. 2004), 

and the increase of leaf thickness (Sanchez-Blanco et al, 1991). The salinity 

influence on organogenesis varies with the species. For instance, salinity 

decreases the leaves number per plant in spring wheat (Grieve et al. 1994) 

but it does not affect the leaves number in lettuce (Jeroˆnimo et al, 2005). 

In tomato, extreme salinity reduces the inflorescences number per plant, the 

flowers number per inflorescence (Grunberg et al, 1995; Van Ieperen, 

1996) and fruit set, particularly on upper inflorescences (Adams and Ho, 

1992).  

2.3.3 Salinity Effects on the Growth of Tomato Shoot 

           Salinity has a negative impact on tomato shoot growth under soilless 

cultivation. Many studies investigated the effects of salinity on tomato 

shoots according to (Bolarin et al; 1991, 1993) suggested that twenty-one 

genotypes belonging to four Lycopersicon wild tomato species showed 

reductions in fresh and dry weight of shoots significantly in response to 

salinity stress. Due to (Kamrani et al, 2013) had shown that salinity should 

reach 20Mm to have an effect on tomato shoot development; the research 

also pointed that increased salinity decreases shoot height significantly.  

            Moreover (Oztekin & Tuzel, 2011) provided a comparison that 

resulted a 29.03% reduction in plant height for the average tomato (twenty-

one commercially available cultivars) under 200 mM NaCl treatment when 
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compared with no salinity treatment. While the study of (Bustomi et al. 

2014) reported a significant reduction in tomato plant height started from 

eight weeks and ten weeks after transplant under 4dS m
-1

 and 3dS m
-1

, 

respectively. The research of (Cruz et al., 1990) concluded that the 

reduction in the tomato stem length considered as one of the most reliable 

indicators for a wide range of tomato genotypes under saline stress. In 

addition to (Saberi et al, 2011) who reported that increasing salinity lead to 

stem diameter decreasing which as one of the growth parameters, similarly 

in forage sorghums (Sorghum bicolor L.) stem diameter decreased with 

increasing salinity. 

            Shoot reduction under salinity stress is caused by photosynthesis 

reduction, which leads to the tissue‟s expansion reduction and disturbance 

in the mineral supply. (Zhu, 2002) had inferred that shoot growth reduction 

under saline conditions is possible according to three reasons:  

(1)  “Salinity reduced photosynthesis, which in turn limits the supply of 

carbohydrate needed for growth”.  

(2) “Salinity reduced shoot and roots growth by reducing turgid in 

expanding tissues resulting from lowered water potential in root growth 

medium”  

(3) “Salinity disturbs mineral supply, either an excess or deficiency; 

induced changes in concentrations of specific ions in the growth 

medium, may have a direct influence on growth”. 
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2.3.4 The Salinity Effect on Tomato Yield 

           One of the unquestioned facts that tomato yield is reduced under 

salinity above threshold values condition. Many studies investigated that 

fact, according to (Qaryouti et al, 2007) had reported that the tomato total 

yield is significantly reduced under salinity stress, while the yield per unit 

reduction increase. In addition, (Magan et al, 2008) reported that tomato 

total fresh fruit yield decreased significantly with increasing salinity. While 

(Dalton et al, 1997) observed the relationship between yield which is 

reduced uniformly with the osmotic potential of the nutrient solution 

decreasing. (Hajiboland et al, 2010) had proposed that the tomato growth 

reduction and yield affected by the salinity could be the causes of the 

variation in photosynthetic products translocation toward root, decrease of 

plant top especially leaves, partial or total enclosed of stomata, direct effect 

of salt on photosynthesis system and ion balance. Moreover, (Del Amour et 

al, 2001) showed that tomato fruit yield reduction by salinity was 

according to the reduction in both size and number of fruits. The study of 

(Rodríguez-Ortega et al, 2019) investigated the tomato plants agricultural 

and physiological responses that grown in different soilless culture systems 

with saline water under greenhouse conditions. The yield decreased 

according to the soilless culture system. The salinity treatments improved 

the quality of fruits and plants cultivated with the nutrient film technique 

enhanced nutrition concentration.  According to (Maggio et al, 2006) 

investigation the response of salt stress on tomato beyond threshold of 

salinity tolerance. Where the study examined the relationships of crop salt 
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tolerance which is usually assessed as the relative yield response to 

increasing root zone salinity, that is expressed as soil (EC) or irrigation 

Water (ECw) Electrical Conductivity. 
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Chapter Three 

Materials & Methods 

3.1  Plant material 

        The experiment was carried and grown in greenhouse (control 

irrigation), at (An-Nassariya Village at An-Najah National University 

Research Center) in the North Central West Bank, located 14 kilometers 

East of Nablus using (Solanum lycopersicum L.) plant, in the experiment 

used one variety of tomato (local market variety). 

3.2 Preparing and sowing of seedling 

             Intact seedlings, which were homogeneous and identical in size, 

shape, color, age and free from wrinkles, diseases and pests were chosen. 

Seedlings grown in March-19-2018 inside the greenhouse using 

hydroponic system- pyramidal shape(Picture2) ,build from wood in 4 meter 

long, 2.5 width and 2 meter height, Seedlings grown under natural lighting 

(15-35)C ±4 (day night) and 40% relative humidity. The experiment was 

designed (complete factorial 2*3*10) including two different salinity level 

and one with fresh tab water (0,100, 150) mM of salinity, the first one 

treatment  inoculated with P. fluorescence for each salinity degree and tab 

water, with ten replicates for each treatment in line (each line one 

treatment). 
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3.2.1 The pyramidal shape of experiment consists of: 

 Six plastic pipes (6 inches diameter). 

 Six water tank (20 liter) provides plant with water. 

 Six water pump (1200liter_hour) on 2-meter height. 

 Water tank (1000 liter) to provide system with water. 

 Plastic planting cups (20cm height).  

 Timer (adjustment circulation water in pipes). 

 Plastic connectors (between pipes and water pump). 

 Plastic pipes 16 ml (between pipes and water pump). 

 Electric cable (to provide water pump with electricity). 

 PH meter (acidity measurement). 

 EC meter (salinity measurement). 

 Plastic Pipes and Waters Tank, was painted with white color to 

reflect sun light and gives shades to plant and water. The seedlings were 

grown in plastic cups (holes making under cups to facilitate root and water 

passage), distance between plants was 40 centimeters, and timer were 

adjustment every 15 minutes. 
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Figure 3: Pyramidal shape of experiment 

3.3 Bacteria propagation and inoculation 

         P. fluorescence bacteria were prepared before two weeks of 

inoculation or added to plant, it was activated in lab, freeze dried 1 ml of 

nutrient broth was added to rehydrate the bacteria, then the suspension was 

transferred to new 500 ml nutrient broth  the culture was incubated at 28 ºC 

for 24 h. The culture will be centrifuged (350 g for 10 min), washed with 

sterile water and pellets will be re suspended in sterile water to achieve 10
8
 

CFU g–1concentration. To inoculate the plants, 1L of bacterial suspension, 

prepared as we described above, will be mixed with 1050 ml of water. 

Inoculation was carried out with 1 ml of bacterial suspension with 10
8
 CFU 

ml–1 per plant. Inoculations was repeated every 20 days until flowering. 

The experiment design was a 10×3×2 complete factorial which was 

comprised of one cultivar, three salinity levels (0, 100 and 150) mM NaCl 

and inculcated and none inculcated plant and 10 replicates for each 

treatment.  
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           Optical Density (O.D) measured (number of colonies forming 

units),1ml by Spectrophotometer at 600 nm (UV-1601PC,Shimadzu).The 

final O.D unit approximately equivalent 7×10
8
 CFU,1 ml added per plant. 

 Inoculation of bacteria after 20 days for planting, then after 20 days 

from first addition. 

3.4 Treatments with NaCl 

           After 4 days from planting, different concentration of NaCl 

(0,100,150) mM were used in irrigation water for each treatment with 

NaCl, EC adjustment at the right degree of salinity, especially in this period 

due to increase of evaporation,  EC Meter was used. 

 Nutrition solution Liquid Fertilizer used, Mour T.R (4-2.5-

6+3+2Ca+0.5Mg) was added to pipelines after 3 days from planting and 

repeated every 4 day 1cm per plant. 

Iron element (Jeo Gold T.R) also added every month 0.4g per plant.  

         Phosphoric acid prepared throw dilution of one-liter phosphoric acid 

per 20 liter of water, during the growing season the pH was monitored and 

adjusted to reach pH 6 using pH meter. 

 Trt.1: different salinity levels on plant with P. fluorescence 

 Trt2.: different salinity level on plants without P. fluorescence 

 Trt3.: control (fresh water) on plants with P. fluorescence 
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 Trt.4: control (fresh water) on plants without P. fluorescence 

3.5 Growth Parameters 

           Growth Parameter were taken for the plant during the period of 

growth and after 100 days from planting date, the ten replicates was taken 

for each treatment, and the following measurement was taken from each 

treatment: 

 Number of flowers after 10 days of first flowering. 

 Shoot height (cm) using regular meter from root to the top of the plant. 

 Number of main tillers. 

 Number of true leaves. 

 Shoot fresh weight (g) using regular electronic balance. 

 Shoot dry weight (g) after dried by oven (Electrotherm, Bifa) at 70°C for 

48 hours. 

 Root fresh weight (g). 

 Root dry weight (g). 

 Number of mainly nodules on root. 

 Leaf fresh weight (g). 

 Leaf dry weight (g). 
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 Leaf area (cm). 

 Length of main roots (cm). 

 Weight of plant without roots (g). 

 Total biomass (g), weight of all fresh part of plant. 

 Main stem diameter (inch), using Calipers. 

3.6 Yield and its components 

Number of fruits per plant. 

Fruit weight (g). 

3.7 Nutrient element content 

            The study of plant nutrients is very important in plant research also 

in nutritional value, nutrient elements content were carried in laboratory of 

An-Najah National University- Nablus, Methodology of Motsara, M.R. 

Guide to laboratory establishment for plant nutrient analysis  it started with 

drying the sample (leaves, roots) at 70°C for 48 hours in oven using electric 

stainless steel cups and stored in regular plastic bottles for analysis time.  

Sample Drying: the fresh sample (leaves. roots and stem) was dried using 

oven, where plant parts was kept inside paper bag at 70°C for 24 hours, the 

period extended if for stem and root for 48 hours then the sample was 

cracked into powder to prepare for ashing. 
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Sample Preparation: four replicates from each sample were chosen. 

Dry ash: from each sample, 2 gm were taken using sensitive balance then 

the sample was heated at 500°C for 6 hours in laboratory oven(Carbolite 

LHT 6/30,UK), this step was to destroy organic matter and to form Ash, so 

that we can obtain and dissolve it in acids to prepare the sample in liquid 

form for estimate of the elements. 

3.7.1 Nitrogen and Protein content 

 Nitrogen Percentage can be estimation by Kjeldahl (Gerhardt, 

Germany)  method. 

Digestion: 2g from each sample are taken, then putted in pipit specialist for 

digestion process, 20 ml of H2SO4(the main solution for digestion) was 

added, ½ spoon of catalyst (1000gm of Na2SO4 with 30 gm of CUSO4) to 

accelerate the digestion process, boiling chips (2_3 pieces) to prevent 

boiling sample from exit out of pipit digestion process in kjeldahl take two 

rounds, each round(15 minutes at 80°C,15 minutes at 90°C and 90 minutes 

at 100°C), Sample completely digested and gives a clear color solution. 

Distillation: Distillation process using by 25 ml boric acid which was 

added to each solution this step was conducted to catch ammonia gas that 

result from the process, a 80 ml of NaOH (Reagent) was added and 80 ml 

of H2O to reduce the temperature of the solution, this process take 4 

minutes, the color of boric acid changed from purple to green color as an 

indicator for ammonia presence or availability. 
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Titration: Titration process of solution was carried out using HCL 

(0.1mM), the solution was titrated until the color of solution was changed 

from green to purple and the volume required was used in the equation to 

estimate Nitrogen percentage. To calculate the protein percentage the 

percentage of nitrogen was multiplying by the factor (6.25). 

 %  of Nitrogen(N) = 

(                                                    

                
 

  % Protein = % Nitrogen × 6.25 

 

Figure 4: Vapodest (Gerhardt, German), Unit for distillation. 

3.7.2 Phosphorus Content 

             Phosphorus percentage were estimated using Spectrophotometer 

(UV-1601PC,Shimadzu). A 2g of plant sample (root and leaves) was taken, 
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and digested with 10-15 ml of H2SO4, distilled water, and heating for 2-4 

hours at 200-400°C. Phosphorus Reagent was prepared before testing, 

samples was titrated on pH=5, filtrated using filter paper, then prepared 100 

ml of phosphorus reagent mix with 0.54g of ascorbic acid, prepared blank 

sample 4 ml of phosphorus reagent mixed with 25 ml of distilled water. To 

measure phosphorus percentage 0.1 ml of sample filtered was mix with 4 

ml of solution that contain phosphorus reagent and ascorbic acid. For the 

control a 0.1 ml was mixed with phosphorus reagent and distilled water, the 

percentage was estimated using Spectrophotometer. 

% P = 
                                          (   

                           (                          (  
 

 

Figure 5: Spectrophotometer(UV-1601PC,Shimadzu) and Data view 

3.7.3 Sodium ,Potassium and Calcium Content 

           Sodium, Potassium and Calcium content Digestion of samples done 

using 1 gm of ashed samples with 10 ml of HCL mixed together in flask 

and heated to 90°C at using hotplate. After digestion, completing to 100ml 

with distilled water. Each sample filtered before using Flamephotometer 
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(Sherwood, UK) Sodium, potassium and calcium were estimated Flame 

photometrically using Sherwood Flamephotometer 410. The percent were 

estimated for shoot samples taken for all replicates. 

 

Figure 6: Flamephotometer (Sherwood, UK). 

3.7.4  Chloride content 

           The estimation of chloride in shoot samples were done using 

volumetric method (A.O.A.C official method 937.09). 

M mole of Cl = m mole of AgNO3 – m mole of NH4SCN 

= (V. of AgNO3 × Normality) – (V. of NH4SCN×Normality) 

Cl (ppm) = M mole of Cl × M.W of Cl× dilution factor 
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Figure 7: Ash samples and Dry Oven( Electrotherm,Bifa) 

 

 

Figure 8: Sample prepared for testing 
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Chapter Four 

Result 

4.1 The effect of P. fluorescence inoculation on flowering intensity of 

Tomato plant under different salinity levels: 

 The analysis of variance revealed that salinity and bacteria was 

significantly influenced flowering intensity for tomato. The plants 

inoculated with P. fluorescence revealed higher plant flowering intensity 

compared with plants not inoculated with P. fluorescence 32.47 and 13.4 

respectively. The results revealed as  salinity increased the plant flowering 

intensity increase in which the flowering intensity was 25.05 at salinity 100 

mM level compared with 20.05 at control level of salinity. Moreover, as 

salinity increased the flowering intensity decrease the bacterial inoculation 

reduce the effect of salinity where the maximum flowering intensity was 

36.2 at 150 mM salinity level for inoculated plant compared to 11.2 at the 

same level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria was highly significant (P≤ 0.0001), 

salinity was not significant (P≤ 0.0708) and bacteria x salinity was 

significant (P≤ 0.0039),(Table1) ( see list of appendix, table 34-36 ).  
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Table 1: The analysis of variance for the effect of P. fluorescence on 

flowering intensity of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 0.28 0.9758 

Bacteria 1 45 114.51 <.0001 

Salinity 2 45 2.81 0.0708 

Bacteria*Salinity 2 45 6.30 0.0039 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.2 The effect of P. fluorescence inoculation on Number Fruit Plant of   

Tomato plant under different salinity levels:  

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant fruit number for tomato. The plants 

inoculated with P. fluorescence revealed higher plant fruit number 

compared with plants not inoculated with P. fluorescence 7.43 and 3.43 

respectively. The results revealed as salinity increased the plant fruit 

number increase in which the fruit number was 5.75 at salinity 150mM 

level compared with 4.9 at control level of salinity. Moreover, as salinity 

increased the fruit number decrease the bacterial inoculation reduce the 

effect of salinity where the maximum fruit number was 8.5 at 150 mM 

salinity level for inoculated plant compared to 3 at the same level of 

salinity without bacterial inoculation. Based on the mean separation, the 

effect of bacteria was highly significant (P≤ 0.0001), salinity was not 

significant (P≤ 0.2206) and bacteria x salinity was significant (P≤ 0.0185) 

,(Table2) ( see list of appendix, table 37-39 ). 
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Table 2: The analysis of variance for the effect of P. fluorescence on 

Fruit Number of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 0.15 0.9976 

Bacteria 1 45 86.91 <.0001 

Salinity 2 45 1.56 0.2206 

Bacteria*Salinity 2 45 4.36 0.0185 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.3 The effect of P. fluorescence inoculation on Fruit Weight of Tomato 

plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant fruit weight for tomato. The plants inoculated 

with P. fluorescence revealed higher plant fruit weight compared with 

plants not inoculated with P. fluorescence 97.4g and 27.53g respectively. 

The results revealed as salinity increased the plant fruit weight increase in 

which the fruit weight was 55.8g at salinity mM level compared with 73g 

at control level of salinity. Moreover, as salinity increased the fruit weight 

decrease, the bacterial inoculation reduce the effect of salinity where the 

maximum fruit weight was 104.6g at 150 mM salinity level for inoculated 

plant compared to 12.6g at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria, salinity 

and bacteria x salinity were highly significant (P≤ 0.0001), (Table3) ( see 

list of appendix, table 40-42 ). 
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Table 3: The analysis of variance for the effect of P. fluorescence on 

Fruit Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 0.33 0.9613 

Bacteria 1 45 2701.49 <.0001 

Salinity 2 45 62.85 <.0001 

Bacteria*Salinity 2 45 70.73 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.4 The effect of P. fluorescence inoculation on Root Length of Tomato 

plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant root length for tomato. The plants inoculated 

with P. fluorescence revealed higher root length compared with plants not 

inoculated with P. fluorescence 48.33cm and 33.72cm respectively. The 

results revealed as salinity increased the plant root length decrease in which 

the root length was 42.27cm at salinity control level compared with 

39.75cm at 100 mM of salinity level. Moreover, as salinity increased the 

plant root length decrease however the bacterial inoculation reduce the 

effect of salinity where the maximum root length number was 50.8cm at 

150 mM salinity level for inoculated plant compared to 31.3cm at the same 

level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria was highly significant (P≤ 0.001). on the 

other hand, salinity and bacteria x salinity were not significant (P≤0.6072, 

0.2134 respectively), (Table4) (see list of appendix, table 43-45). 
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Table 4: The analysis of variance for the effect of P. fluorescence on 

Root Length of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 1.83 0.0897 

Bacteria 1 45 50.70 <.0001 

Salinity 2 45 0.50 0.6072 

Bacteria*Salinity 2 45 1.60 0.2134 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,     

F Value: Degrees of Freedom, Pr.: Probability. 

4.5 The effect of P. fluorescence inoculation on Fresh Root Weight of 

Tomato plant under different salinity levels. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant fresh root weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant fresh root weight 

compared with plants not inoculated with P. fluorescence 13.44g and 

11.76g respectively. The results revealed as salinity increased the plant 

fresh root weight increase in which the fresh root weight was 13.31g at 

salinity 150 mM level compared with 10.31 g at control level of salinity. 

Moreover, as salinity increased the fresh root weight decrease, the bacterial 

inoculation reduce the effect of salinity where the maximum fresh root 

weight was 16.31g at 150 mM salinity level for inoculated plant compared 

to 10.32g at the same level of salinity without bacterial inoculation. Based 

on the mean separation, the effect of bacteria was not significant              

(P≤ 0.2012), salinity and bacteria x salinity were significant (P≤ 0.0488 and 

0.0568 respectively) ,(Table5) ( see list of appendix, table 46-48 ). 
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Table 5: The analysis of variance for the effect of P. fluorescence on 

Fresh Root Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.47 0.0222 

Bacteria 1 45 1.68 0.2012 

Salinity 2 45 3.23 0.0488 

Bacteria*Salinity 2 45 3.06 0.0568 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,     

F Value: Degrees of Freedom, Pr.: Probability. 

4.6 The effect of P. fluorescence inoculation on Root Dry Weight of 

Tomato plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant root dry weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant root dry weight 

compared with plants not inoculated with P. fluorescence 12.34g and 9.96g 

respectively. The results revealed as salinity increased the plant root dry 

weight increase in which the root dry weight was 11.725g at salinity 150 

mM level compared with 9.635g at control level of salinity. Moreover, as 

salinity increased the root dry weight decrease the bacterial inoculation 

reduce the effect of salinity where the maximum root dry weight was 

14.65g at 150 mM salinity level for inoculated plant compared 8.80g at the 

same level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria was significant (P≤ 0.0415), salinity and 

bacteria x salinity were not significant (P≤ 0.1754 and 0.1085 respectively) 

,(Table6) ( see list of appendix, table 49-51 ). 



47 

 

Table 6: The analysis of variance for the effect of P. fluorescence on 

Root Dry Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.79 0.0110 

Bacteria 1 45 4.41 0.0415 

Salinity 2 45 1.81 0.1754 

Bacteria*Salinity 2 45 2.33 0.1085 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.7 The effect of P. fluorescence inoculation on Root Number of 

Tomato plant under different salinity levels. 

The analysis of variance revealed that salinity and bacteria was not 

significantly influenced plant main root number for tomato. The plants 

inoculated with P. fluorescence revealed higher plant main root number 

compared with plants not inoculated with P. fluorescence 6.43 and 3.93 

respectively. The results revealed as salinity increased the plant main root 

number decrease in which the main root number was 4.95 at salinity 100 

mM level compared with 5.5 at control level of salinity. Moreover, as 

salinity increased the main root number decrease, the bacterial inoculation 

reduce or decrease the effect of salinity where the maximum main root 

number was 6.50 at 100 mM salinity level for with bacterial inoculation 

plant compared 3.40 at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria was highly 

significant (P≤ 0.0007), salinity and bacteria x salinity were not significant 

(P≤ 0.7962 and 0.7389 respectively), (Table7) ( see list of appendix, table 

52-54 ). 
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Table 7: The analysis of variance for the effect of P. fluorescence on 

Root Number of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 0.98 0.4704 

Bacteria 1 45 13.29 0.0007 

Salinity 2 45 0.23 0.7962 

Bacteria*Salinity 2 45 0.30 0.7389 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.8 The effect of P. fluorescence inoculation on Main Root Length of 

Tomato plant under different salinity levels. 

The analysis of variance revealed that salinity and bacteria was not 

significantly influenced plant main root length for tomato. The plants 

inoculated with P. fluorescence revealed higher plant main root length 

compared with plants not inoculated with P. fluorescence 7.07cm and 

5.63cm respectively. The results revealed as salinity increased the plant 

main root length decrease in which the main root length was 7.05cm at 

salinity 150 mM level compared with 5.45cm at control level of salinity. 

Moreover, as salinity increased the main root length decrease, the bacterial 

inoculation reduce the effect of salinity where the maximum main root 

length was 8.50cm at 100 mM salinity level for with bacterial inoculation 

plant compared 4.60cm at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria and 

salinity were significant (P≤ 0.0105 and 0.0548 respectively) and bacteria x 

salinity was highly significant (P≤ 0.0086)  ,(Table8) ( see list of appendix, 

table 55-57 ). 
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Table 8: The analysis of variance for the effect of P. fluorescence on 

Main Root Length of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 3.75 0.0014 

Bacteria 1 45 7.13 0.0105 

Salinity 2 45 3.10 0.0548 

Bacteria*Salinity 2 45 5.29 0.0086 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.9 The effect of P. fluorescence inoculation on Node Number of 

Tomato plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant node number for tomato. The plants 

inoculated with P. fluorescence revealed higher node number compared 

with plants not inoculated with P. fluorescence 43.47 and 31.47 

respectively. The results revealed as salinity increased the plant node 

number decrease in which the node number was 34.1 at salinity control 

level compared with 40.55 at 100 mM of salinity level. Moreover, as 

salinity increased the node number decrease however the bacterial 

inoculation reduce the effect of salinity where the maximum node number 

was 51.1 at 100 mM salinity level for inoculated plant compared to 30 at 

the same level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria was highly significant (P≤ 0.0003). on the 

other hand, salinity and bacteria x salinity were not significant (P≤ 0.2401, 

0.0940 respectively) ,(Table9) ( see list of appendix, table 58-60 ). 
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Table 9: The analysis of variance for the effect of P. fluorescence on 

Node Number of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 3.62 0.0018 

Bacteria 1 45 15.21 0.0003 

Salinity 2 45 1.47 0.2401 

Bacteria*Salinity 2 45 2.49 0.0940 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.10 The effect of P. fluorescence inoculation on Plant Length of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity: 

             The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant length for tomato. The plants inoculated with 

P. fluorescence revealed higher length compared with plants not inoculated 

with P. fluorescence 11.50 cm and 137.63 cm respectively. The results 

revealed as salinity increased the plant length decrease in which the length 

was 126.15 cm  compared with 116.45cm at 150 mM of salinity level. 

Moreover, as salinity increased the plant length decrease however the 

bacterial inoculation reduce the effect of salinity where the maximum 

length was 140.20cm at 150mM salinity level for inoculated plant 

compared to 4.60 cm at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria was highly 

significant (P≤ 0.001). On the other hand, salinity and bacteria x salinity 

were not significant (P≤ 0.0821, 0.0179 respectively) ,(Table10) ( see list 

of appendix, table 61-63). 



51 

 

Table 10: The analysis of variance for the effect of P. fluorescence on 

Plant Length of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.30 0.0323 

Bacteria 1 45 24.38 <.0001 

Salinity 2 45 2.64 0.0821 

Bacteria*Salinity 2 45 4.40 0.0179 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.11 The effect of P. fluorescence inoculation on Branch Number of 

Tomato plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant branch number for tomato. The plants 

inoculated with P. fluorescence revealed higher branch number compared 

with plants not inoculated with P. fluorescence 6.27 and 4.9 respectively. 

The results revealed as salinity increased the plant branch number increase 

in which the branch number was 5.3 at salinity control level compared with 

6.05 at 100 mM of salinity level. Moreover, as salinity increased the plant 

branch number decrease, however the bacterial inoculation reduce the 

effect of salinity where the maximum branch number was 7.5 at 100 mM 

salinity level for inoculated plant compared to 4.6 at the same level of 

salinity without bacterial inoculation. Based on the mean separation, the 

interaction between bacteria and bacteria x salinity were highly significant 

(P≤ 0.001, 0.0004 respectively). on the other hand, salinity was not 

significant (P≤ 0.1203), (Table11) ( see list of appendix, table64-66). 
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Table 11: The analysis of variance for the effect of P. fluorescence on 

Branch Number of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 1.57 0.1541 

Bacteria 1 45 18.76 <.0001 

Salinity 2 45 2.22 0.1203 

Bacteria*Salinity 2 45 9.25 0.0004 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.12 The effect of P. fluorescence inoculation on Plant Weight of 

Tomato plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant weight for tomato. The plants inoculated with 

P. fluorescence revealed higher weight compared with plants not 

inoculated with P. fluorescence 223.67g and 104.10g respectively. The 

results revealed as salinity increased the plant weight increase in which the 

plant weight was 158.30g at salinity control level compared with 177.80g 

at 100 mM of salinity level. Moreover, as salinity increased the plant 

weight decrease ,however the bacterial inoculation reduce the effect of 

salinity where the maximum plant weight was 232.40g at 150mM salinity 

level for inoculated plant compared to 78.70 g at the same level of salinity 

without bacterial inoculation. Based on the mean separation, the effect of 

bacteria was highly significant (P≤ 0.0003). on the other hand, salinity and 

bacteria x salinity were not significant (P≤0.8137, 0.4870 respectively) 

,(Table12) ( see list of appendix, table 67-69 ). 
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Table 12: The analysis of variance for the effect of P. fluorescence on 

Plant Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.80 0.0108 

Bacteria 1 45 15.09 0.0003 

Salinity 2 45 0.21 0.8137 

Bacteria*Salinity 2 45 0.73 0.4870 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.13 The effect of P. fluorescence inoculation on Stem Diameter of 

Tomato plant under different salinity levels. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant stem diameter for tomato. The plants 

inoculated with P. fluorescence revealed higher stem diameter compared 

with plants not inoculated with P. fluorescence 0.22inch and 0.20inch 

respectively. The results revealed as salinity increased the plant stem 

diameter decrease in which the stem diameter was 0.29inch at salinity 

control level compared with 0.175inch at 100 mM of salinity level. 

Moreover, as salinity increased the plant stem diameter decrease however 

the bacterial inoculation ameliorate or decrease the effect of salinity where 

the maximum stem diameter was 0.30inch at 100 mM level for inoculated 

plant compared to 0.28inch at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of salinity was highly 

significant (P≤ 0.0001). On the other hand, bacteria and bacteria x salinity 

interaction were not significant (P≤0.5866, 0.7847 respectively) ,(Table13) 

( see list of appendix, table 70-72 ). 
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Table 13: The analysis of variance for the effect of P. fluorescence on 

Stem Diameter of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.43 0.0243 

Bacteria 1 45 0.30 0.5866 

Salinity 2 45 10.86 0.0001 

Bacteria*Salinity 2 45 0.24 0.7847 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.14 The effect of P. fluorescence inoculation on Fresh Stem Weight of 

Tomato plant under different salinity levels: 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant fresh stem weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant fresh stem weight 

compared with plants not inoculated with P. fluorescence 23.83g and 

19.90g respectively. The results revealed as salinity increased the plant 

fresh stem weight increase in which the fresh stem weight was 25.42g at 

salinity 100 mM level compared with 19.1g at control level of salinity. 

Moreover, as salinity increased the fresh stem weight decrease the bacterial 

inoculation doesn‟t affect of salinity where the maximum fresh stem weight 

was 26.23g at 100 mM salinity level for non- inoculation plant compared 

24.61 g at the same level of salinity with bacterial inoculation. Based on the 

mean separation, the effect of bacteria, salinity and bacteria x salinity were 

not significant (P≤ 0.2632, 0.3205 and 0.5308 respectively) ,(Table14) ( see 

list of appendix, table 73-75). 
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Table 14: The analysis of variance for the effect of P. fluorescence on 

Stem Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 5.19 <.0001 

Bacteria 1 45 1.28 0.2632 

Salinity 2 45 1.17 0.3205 

Bacteria*Salinity 2 45 0.64 0.5308 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.15 The effect of P. fluorescence inoculation on Stem Dry Weight of 

Tomato plant under different salinity levels 

The analysis of variance revealed that salinity and bacteria was not 

significantly influenced plant stem dry weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant stem dry weight 

compared with plants not inoculated with P. fluorescence 19.86g and 

17.50g respectively. The results revealed as salinity increased the plant 

stem dry weight increase in which the stem dry weight was 22.30g at 

salinity 100 mM level compared with 14.94g at control level of salinity. 

Moreover, as salinity increased the stem dry weight decrease ,the bacterial 

inoculation doesn‟t effect of salinity where the maximum stem dry weight 

was 23.04g at 100 mM salinity level for non- inoculation plant compared 

21.57g at the same level of salinity with bacterial inoculation. Based on the 

mean separation, the effect of bacteria, salinity and bacteria x salinity were 

not significant (P≤ 0.3820, 0.0907 and 0.5813 respectively) ,(Table15) ( see 

list of appendix, table 76-78 ). 
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Table 15: The analysis of variance for the effect of P. fluorescence on 

Stem Dry Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 5.06 <.0001 

Bacteria 1 45 0.78 0.3820 

Salinity 2 45 2.53 0.0907 

Bacteria*Salinity 2 45 0.55 0.5813 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.16 The effect of P. fluorescence inoculation on Leaf Number of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant leaf number for tomato. The plants inoculated 

with P. fluorescence revealed higher plant leaf number compared with 

plants not inoculated with P. fluorescence 245.3 and 171.7 respectively. 

The results revealed as salinity increased the plant leaf number decrease in 

which the leaf number was 187.85 at salinity control level compared with 

228.9 at 100 mM of salinity level. Moreover, as salinity increased the leaf 

number decrease however the bacterial inoculation reduce the effect of 

salinity where the maximum leaf number was 240 at 150 mM salinity level 

for inoculated plant compared to 177.5 at the same level of salinity without 

bacterial inoculation. Based on the mean separation, the effect of bacteria 

was highly significant (P≤ 0.0001). on the other hand, salinity not 

significant (P≤ 0.1664) while bacteria x salinity were significant              

(P≤ 0.0023), (Table16) ( see list of appendix, table 79-81 ). 



57 

 

Table 16: The analysis of variance for the effect of P. fluorescence on 

Leaf Number of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 2.93 0.0081 

Bacteria 1 45 18.00 0.0001 

Salinity 2 45 1.87 0.1664 

Bacteria*Salinity 2 45 6.95 0.0023 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.17 The effect of P. fluorescence inoculation on Fresh Leaf Weight of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant fresh leaf weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant fresh leaf weight 

compared with plants not inoculated with P. fluorescence 37.8 g  and 28.1g 

respectively. The results revealed as salinity increased the plant fresh leaf 

weight decrease in which the fresh -leaf weight was 33.25g at salinity 

control level compared with 34.3 at 150 mM of salinity level. Moreover, as 

salinity increased the fresh leaf weight decrease however, the bacterial 

inoculation ameliorate the effect of salinity where the maximum fresh leaf 

weight was 46g at 150 mM salinity level for inoculated plant compared to 

22.6g at the same level of salinity without bacterial inoculation. Based on 

the mean separation, the effect of bacteria, salinity and bacteria x salinity 

were not significant (P≤ 0.1045, 0.9140 and 0.2494 respectively), 

(Table17) ( see list of appendix, table 82-84 ). 
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Table 17: The analysis of variance for the effect of P. fluorescence on 

Fresh Leaf Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 4.75 0.0002 

Bacteria 1 45 2.75 0.1045 

Salinity 2 45 0.09 0.9140 

Bacteria*Salinity 2 45 1.43 0.2494 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.18 The effect of P. fluorescence inoculation on Leaf Dry Weight of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant leaf dry weight for tomato. The plants 

inoculated with P. fluorescence revealed higher plant leaf dry weight 

compared with plants not inoculated with P. fluorescence 23.7g and 20.53g 

respectively. The results revealed as salinity increased the plant leaf dry 

weight increase in which the leaf dry weight was 23.9g at salinity 150 mM 

level compared with 18.45g at control level of salinity. Moreover, as 

salinity increased the leaf dry weight decrease the bacterial inoculation 

reduce the effect of salinity where the maximum leaf dry weight was 29.4g 

at 150 mM salinity level for inoculated plant compared to 18.4g at the same 

level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria, salinity and bacteria x salinity were not 

significant (P≤ 00.4222, 0.4218 and 0.3163 respectively) ,(Table18) ( see 

list of appendix, table 85-87 ). 
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Table 18: The analysis of variance for the effect of P. fluorescence on 

Leaf Dry Weight of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 3.10 0.0056 

Bacteria 1 45 0.66 0.4222 

Salinity 2 45 0.88 0.4218 

Bacteria*Salinity 2 45 1.18 0.3163 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.19 The effect of P. fluorescence inoculation on Leaf Width of Tomato 

plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was not 

significantly influenced plant leaf width for tomato. The plants inoculated 

with P. fluorescence revealed higher plant leaf width compared with plants 

not inoculated with P. fluorescence 11.48cm and 7.35cm respectively. The 

results revealed as salinity increased the plant leaf width decrease in which 

the leaf width was 9.03cm at salinity 150 mM level compared with 

10.17cm at control level of salinity. Moreover, as salinity increased the leaf 

width decrease, the bacterial inoculation reduce the effect of salinity where 

the maximum leaf width was 12.25cm at 150 mM salinity level for with 

bacterial inoculation plant compared 5.82cm at the same level of salinity 

without bacterial inoculation. Based on the mean separation, the effect of 

bacteria and bacteria x salinity were highly significant (P≤ 0.0001 and 

0.0003 respectively) while the salinity was not significant (P≤ 0.1367) 

,(Table19) ( see list of appendix, table 88-90 ). 



60 

 

Table 19: The analysis of variance for the effect of P. fluorescence on 

Leaf Width of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 0.40 0.9292 

bacteria 1 45 61.07 <.0001 

salinity 2 45 2.08 0.1367 

bacteria*salinity 2 45 9.89 0.0003 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.20 The effect of P. fluorescence inoculation on Leaf Length of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was not 

significantly influenced plant leaf length for tomato. The plants inoculated 

with P. fluorescence revealed best leaf length compared with plants not 

inoculated with P. fluorescence 11.14cm and 8.22cm respectively. The 

results revealed as salinity increased the plant leaf length decrease in which 

the leaf length was 9.88cm at salinity 100 mM level compared with 

10.05cm at control level of salinity. Moreover, as salinity increased the leaf 

length decreased, the bacterial inoculation reduce the effect of salinity 

where the maximum leaf length was 12.47cm at 150mM salinity level for 

with bacterial inoculation plant compared 5.75cm at the same level of 

salinity without bacterial inoculation. Based on the mean separation, the 

effect of bacteria and bacteria x salinity were highly significant (P≤ 0.0001 

and 0.0001 respectively) while the salinity was not significant (P≤ 0.2535), 

(Table20) ( see list of appendix, table 91-93). 
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Table 20: The analysis of variance for the effect of P. fluorescence on 

Leaf Length of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 1.85 0.0849 

Bacteria 1 45 36.07 <.0001 

Salinity 2 45 1.42 0.2535 

Bacteria*Salinity 2 45 23.33 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.21 The effect of P. fluorescence inoculation on Total Biomass of 

Tomato plant under different salinity levels in Relation to Bacteria and 

Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant total biomass for tomato. The plants 

inoculated with P. fluorescence revealed higher plant total biomass 

compared with plants not inoculated with P. fluorescence 172.48g and 

87.31g respectively. The results revealed as salinity increased the plant 

total biomass decrease in which the total biomass was 135.65g at salinity 

control level compared with 126.69g at 100 mM of salinity level. 

Moreover, as salinity increased the total biomass decrease the bacterial 

inoculation decrease  the effect of salinity where the maximum total 

biomass was 191.25g at 150 Mm salinity level for inoculated plant 

compared to 63.43g at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria was highly 

significant (P≤ 0.0001). on the other hand, salinity was not significant     



62 

 

(P≤ 0.7100) while bacteria x salinity was significant (P≤ 0.0137), (Table21)       

(see list of appendix, table 94-96 ). 

Table 21: The analysis of variance for the effect of P. fluorescence on 

Total Biomass of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Replicate 9 45 5.11 <.0001 

Bacteria 1 45 75.32 <.0001 

Salinity 2 45 0.35 0.7100 

Bacteria*Salinity 2 45 4.73 0.0137 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

4.22 The effect of P. fluorescence inoculation on Nitrogen Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant by nitrogen effect on roots for tomato. The 

plants inoculated with P. fluorescence revealed higher nitrogen content on 

roots compared with plants not inoculated with P. fluorescence 0.23% and 

0.21% respectively. The results revealed as salinity increased the nitrogen 

content on roots decrease in which the nitrogen content on roots was 0.24% 

at 150 mM of salinity level compared with 0.22% at control salinity level. 

Moreover, as salinity increased the nitrogen content on roots increase  

however, the bacterial inoculation reduce the effect of salinity where the 

maximum content was 0.29% at 150 mM salinity level for inoculated plant 

compared to 0.18% at the same salinity level of salinity without bacterial 

inoculation. Based on the mean separation, the interaction between bacteria 
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x salinity was highly significant (P≤ 0.001). on the other hand, salinity was 

significant (P≤ 0.0031) and bacteria was not significant (P≤ 0.1011), 

(Table22) ( see list of appendix, table 97-99 ). 

Table 22: The analysis of variance for the effect of P. fluorescence on 

Nitrogen Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Rep 2 10 2.50 0.1318 

Bacteria 1 10 3.26 0.1011 

Salinity 2 10 10.87 0.0031 

Bacteria*Salinity 2 10 152.07 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

4.23 The effect of P. fluorescence inoculation on Nitrogen Content in 

Leaf of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria was 

significantly influenced plant by nitrogen content on leaf for tomato. The 

plants not inoculated with P. fluorescence revealed higher nitrogen content 

on leaf compared with plants inoculated with P. fluorescence 0.81% and 

0.80% respectively. The results revealed as salinity increased the nitrogen 

content on leaf decrease in which the nitrogen content on roots was 0.9% at 

150 mM of salinity level compared with 0.7% at control salinity level. 

Moreover, as salinity increased the bacterial inoculation reduce the effect 

of salinity where the maximum nitrogen content on leaf was 0.93% at 

100mM salinity level for inoculated plant compared to 0.78% at the same 
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level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of bacteria was significant (P≤ 0.003). On the other 

hand, salinity and bacteria were highly significant (P≤ 0.0001) ,(Table 23) 

(see list of appendix, table 100-102).   

Table 23: The analysis of variance for the effect of P. fluorescence on 

Nitrogen Content in Leaf of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

Rep 2 10 0.52 0.6085 

Bacteria 1 10 15.13 0.0030 

Salinity 2 10 995.62 <.0001 

Bacteria*Salinity 2 10 567.64 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,     

F Value: Degrees of Freedom, Pr.: Probability. 

4.24 The effect of P. fluorescence inoculation on Chlorine Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by chlorine content on roots for tomato. The 

plants inoculated with P. fluorescence revealed higher chlorine effect on 

roots compared with plants not inoculated with P. fluorescence 1.04% and 

0.30% respectively. The results revealed as salinity increased the chlorine 

content on roots decrease in which the chlorine content on roots was 0.98% 

at control level of salinity compared with 0.5 % at 150 mM level of salinity 

level. Moreover, as salinity increased the chlorine content on roots 

however, the bacterial inoculation reduce the effect of salinity was the 

maximum 0.95% at 150mM salinity level for inoculated plant compared to 
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0.04% at the same level of salinity without bacterial inoculation. Based on 

the mean separation, the effect of bacteria, salinity and bacteria x salinity 

were highly significant (P ≤ 0.0001). (Table 24), ( see list of appendix, 

table 103-105),(Figure 9). 

Table 24: The analysis of variance for the effect of P. fluorescence on 

Chlorine Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 2.48 0.1333 

bacteria 1 10 891.06 <.0001 

salinity 2 10 149.34 <.0001 

bacteria*salinity 2 10 80.91 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

 

 

Figure 9: Effect of the interaction between salinity and P. fluorescence on chlorine content in 

root of Tomato plant.0:  without P. fluorescence 1: with P. fluorescence, Salinity:  

(control, 100,150) mM.  
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4.25 The effect of P. fluorescence inoculation on Sodium Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by sodium content on roots for tomato. The 

plants inoculated with P. fluorescence revealed higher sodium content on 

roots compared with plants not inoculated with P. fluorescence 0.07% and 

0.03% respectively. The results revealed as salinity increased the sodium 

effect on roots decrease in which the sodium content on roots was 0.05% at 

control level of salinity compared with 0.05% at 150 mM level of salinity. 

Moreover, as salinity, increased the content of sodium on roots however, 

the bacterial inoculation reduce the effect of salinity was the maximum 

0.08% at salinity 100 mM level for inoculated plant compared to 0.04% at 

the same level of salinity without bacterial inoculation. Based on the mean 

separation, the effect of  bacteria was highly significant (P ≤ 0.0001), on 

the other hand, salinity and bacteria x salinity were not significant (P ≤ 

0.0917), (Table 25) ( see list of appendix, table 106-108),(Figure 10). 

Table 25: The analysis of variance for the effect of P. fluorescence on 

Sodium Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.75 0.2230 

bacteria 1 10 52.56 <.0001 

salinity 2 10 3.06 0.0917 

bacteria*salinity 2 10 3.06 0.0917 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 
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Figure 10: Effect of the interaction between salinity and P. fluorescence on sodium content in 

root of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, Salinity: (control, 

100,150) mM  

4.26 The effect of P. fluorescence inoculation on Potassium Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by Potassium content on roots for tomato. 
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salinity were highly significant (P ≤ 0.0001). on the other hand, bacteria x 

salinity was significant (P ≤ 0.0007), (Table 26) (see list of appendix, table 

109-111), (Figure 11). 

Table 26: The analysis of variance for the effect of P. fluorescence on 

Potassium Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.33 0.3087 

bacteria 1 10 751.93 <.0001 

salinity 2 10 28.97 <.0001 

bacteria*salinity 2 10 16.38 0.0007 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

 

 

Figure 11: Effect of the interaction between salinity and P. fluorescence on potassium content 

in root of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, Salinity: (control, 

100,150) mM  
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4.27 The effect of P. fluorescence inoculation on Calcium Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity: 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by content on roots for tomato. The plants 

inoculated with P. fluorescence revealed higher Potassium content on roots 

compared with plants not inoculated with P. fluorescence 3.6% and 2.2% 

respectively. The results revealed as salinity increased the Calcium content  

on roots decrease in which the Calcium content on roots was 2.83% at 

control level of salinity compared with 3% at 150 mM level of salinity 

level. Moreover, as salinity increased the Calcium content on roots 

however, in the result was revealed  the bacterial inoculation reduce the 

effect of salinity was the maximum 4.50% at salinity control level for 

inoculated plant compared to 1.17% at the same level of salinity without 

bacterial inoculation that give positive effect, in contrast when compared 

calcium content in root for inoculated plant was 3.30% at 100mM 

compared with non inoculated 2.50% at the same level of salinity . Based 

on the mean separation, the effect of bacteria and bacteria x salinity were 

highly significant (P ≤ 0.0001). on the other hand, salinity was not 

significant (P ≤ 0.7543), (Table 27) ( see list of appendix, table 112-

114),(Figure 12). 
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Table 27: The analysis of variance for the effect of P. fluorescence on 

Calcium Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 0.24 0.7878 

bacteria 1 10 58.69 <.0001 

salinity 2 10 0.29 0.7543 

bacteria*salinity 2 10 31.21 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

 

 

Figure 12: Effect of the interaction between salinity and P. fluorescence on calcium 

content in root of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM  

4.28 The effect of P. fluorescence inoculation on Phosphorus Content in 

Root of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by Phosphorus content on roots for tomato. 

[CELLRANGE], 

[VALUE] 

B, [VALUE] 

B, [VALUE] 

[CELLRANGE], 

[VALUE] 

B, [VALUE] 
B, [VALUE] 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0(control)0(100mM)0(150mM)1(control)1(100mM)1(150mM)

Ca content in root 

Estimate



71 

 

The plants inoculated with P. fluorescence revealed higher Phosphorus 

content on roots compared with plants not inoculated with P. fluorescence 

1897.97ppm and 1882.29ppm respectively. The results revealed as salinity 

increased the Phosphorus content on roots decrease in which the 

Phosphorus content on roots was 1867.08ppm at control level of salinity 

compared with 1959.67ppm at 100 mM level of salinity level. Moreover, as 

salinity increased the Phosphorus content on roots increase however, the 

bacterial inoculation reduce the effect of salinity was the maximum 

2010.17ppm at salinity control level for inoculated plant compared to 

1724ppm at the control level of salinity without bacterial inoculation, the 

result revealed higher positive content of phosphorus content in root ,in 

contrast when compared at 100mM salinity level of for inoculated plant 

was 1952.17ppm compared with non-inoculated plant 1967.17ppm at the 

same level of salinity.  Based on the mean separation, the effect of salinity 

and bacteria x salinity were highly significant (P ≤ 0.0001). on the other 

hand, bacteria was not significant (P ≤ 0.1491), (Table 28) (see list of 

appendix, table 115-117), (Figure 13). 

Table 28: The analysis of variance for the effect of P. fluorescence on 

Phosphorus Content in Root of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.31 0.3126 

bacteria 1 10 2.44 0.1491 

salinity 2 10 49.88 <.0001 

bacteria*salinity 2 10 218.02 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 
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Figure 13: Effect of the interaction between salinity and P. fluorescence on phosphorus 

content in root of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM  
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0.11% at the same level of salinity without bacterial inoculation ,that give 

percent of sodium in leaf in contrast when compared at 150mM for 

inoculation plant was 0.13% and 0.12% for non-inoculated plant at the 

same level of salinity. Based on the mean separation, the effect of bacteria 

was highly significant, salinity and bacteria x salinity were not significant 

(P ≤ 0.0345, 0.4662 and 0.1667 respectively), (Table 29) ( see list of 

appendix, table 118-120),(Figure 14).  

Table 29: The analysis of variance for the effect of P. fluorescence on 

Sodium Content in Leaf of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.70 0.2311 

bacteria 1 10 5.98 0.0345 

salinity 2 10 0.82 0.4662 

bacteria*salinity 2 10 2.15 0.1667 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,    

F Value: Degrees of Freedom, Pr.: Probability. 

 

 

Figure 14: Effect of the interaction between salinity and P. fluorescence on sodium content in 

leaf of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, Salinity: (control, 

100,150) mM  
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4.30 The effect of P. fluorescence inoculation on Potassium Content in 

Leaf of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by Potassium content on leaf for tomato. The 

plants inoculated with P. fluorescence revealed higher Potassium content 

on roots compared with plants not inoculated with P. fluorescence 2.02% 

and 1.63% respectively. The results revealed as salinity increased the 

Potassium content on leaf decrease in which the Potassium content on leaf 

was 1.81% at control level of salinity compared with 1.88% at 150 mM 

level of salinity. Moreover, as salinity increased the Potassium content on 

roots decrease however, the bacterial inoculation reduce in which the effect 

of salinity was the maximum 2.16% at salinity 150mM level for inoculated 

plant compared to 1.55% at the same level of salinity without bacterial 

inoculation. Based on the mean separation, the effect of bacteria was 

significant (P ≤ 0.004). on the other hand, salinity and bacteria x salinity 

were not significant (P ≤ 0.7429 and 0.2291 respectively), (Table 30) ( see 

list of appendix, table 121-123),(Figure 15). 

Table 30: The analysis of variance for the effect of P. fluorescence on 

Potassium Content in Leaf of Tomato under different salinity levels. 
Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.28 0.3208 

bacteria 1 10 13.86 0.0040 

salinity 2 10 0.31 0.7429 

bacteria*salinity 2 10 1.71 0.2291 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 
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Figure 15: Effect of the interaction between salinity and P. fluorescence on potassium 

content in leaf of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM  

4.31 The effect of P. fluorescence inoculation on Calcium Content in 

Leaf of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity: 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by Calcium content on leaf for tomato. The 

plants inoculated with P. fluorescence revealed higher Calcium content on 

roots compared with plants not inoculated with P. fluorescence 4.13% and 

3.66% respectively. The results revealed as salinity increased the Calcium 

content on leaf decrease in which the Calcium content on leaf was 4.92% at 

control level of salinity compared with 3.12% at 150 mM level of salinity 

level. Moreover, as salinity increased the Calcium content on leaf decrease 

however, the bacterial inoculation reduce the effect of salinity was equally 

that 5% at salinity control level for inoculated plant and 5% at the same 
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level of salinity without bacterial inoculation, result that revealed higher 

calcium content in contrast when compared at 100mM for inoculated plant 

was 3.39% compared 3.36% for non-inoculated plant . Based on the mean 

separation, the effect of bacteria and bacteria x salinity were significant      

(P ≤ 0.0026 and 0.0071 respectively). on the other hand, salinity was highly 

significant (P ≤ 0.0001), (Table 31) ( see list of appendix, table 124-126), 

(Figure 16). 

Table 31: The analysis of variance for the effect of P. fluorescence on 

Calcium Content in Leaf of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.68 0.2353 

bacteria 1 10 15.83 0.0026 

salinity 2 10 79.04 <.0001 

bacteria*salinity 2 10 8.46 0.0071 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

 

Figure 16: Effect of the interaction between salinity and P. fluorescence on calcium 

content in leaf of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM  
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4.32 The effect of P. fluorescence inoculation on Phosphorus Content in 

Leaf of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity. 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by Phosphorus content on leaf for tomato. 

The plants not inoculated with P. fluorescence revealed higher Phosphorus 

content on leaf compared with plants inoculated with P. fluorescence 

320ppm and 293.17ppm respectively. The results revealed as salinity 

increased the Phosphorus content on leaf decrease in which the Phosphorus 

content on roots was 307.17ppm at control level of salinity compared with 

333.78ppm at 150mM level of salinity level. Moreover, as salinity 

increased the Phosphorus content on leaf increase however ,the bacterial 

inoculation reduce the effect of salinity was the maximum 357.33ppm at 

salinity control level for non- inoculated plant compared to 257ppm at the 

same level of salinity for bacterial inoculation plant ,phosphors content of 

leaf give positive impact and best at (zero salinity) in contrast when 

compared at 100Mm for inoculated plant was 285.27ppm than with non-

inoculated plant 272.33ppm at the same level of salinity. Based on the 

mean separation, the effect of salinity, bacteria and bacteria x salinity were 

highly significant (P ≤ 0.0001), (Table 32) ( see list of appendix, table 127-

129), (Figure 17).   
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Table 32: The analysis of variance for the effect of P. fluorescence on 

Phosphorus Content in Leaf of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 1.80 0.2149 

bacteria 1 10 297.25 <.0001 

salinity 2 10 416.16 <.0001 

bacteria*salinity 2 10 558.81 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 

 

Figure 17: Effect of the interaction between salinity and P. fluorescence on Phosphorus 

content in leaf of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM  

4.33 The effect of P. fluorescence inoculation on Chlorine Content in 

Leaf of Tomato plant under different salinity levels in Relation to 

Bacteria and Salinity: 

The analysis of variance revealed that salinity and bacteria were 

significantly influenced plant by chlorine content on leaf for tomato. The 

plants not inoculated with P. fluorescence revealed higher chlorine content 
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on leaf compared with plants inoculated with P. fluorescence 4.23% and 

3.89% respectively. The results revealed as salinity increased the chlorine 

effect on leaf decrease in which the chlorine content on leaf was 3.99% at 

control content of salinity compared with 4.22% at 150mM level of salinity 

level. Moreover, as salinity increased the chlorine content on leaf increase 

however, the bacterial inoculation reduce the effect of salinity was the 

maximum 4.27% at100mM salinity level for inoculated plant compared to 

3.65%  at the same level of salinity with non-inoculation. Based on the 

mean separation, the effect of bacteria was significant (P ≤ 0.0015). on the 

other hand, salinity was not significant (P ≤ 0.0490). While bacteria x 

salinity was highly significant (P ≤ 0.0001), (Table 33) ( see list of 

appendix, table 130-132),(Figure18). 

Table 33: The analysis of variance for the effect of P. fluorescence on 

Chlorine Content in Leaf of Tomato under different salinity levels. 

Effect Num DF Den DF F Value Pr > F 

rep 2 10 2.62 0.1216 

bacteria 1 10 18.59 0.0015 

salinity 2 10 4.14 0.0490 

bacteria*salinity 2 10 38.30 <.0001 

Num DF: Numerator Degree of Freedom, Den DF: Denominator Degree of Freedom,   

F Value: Degrees of Freedom, Pr.: Probability. 
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Figure 18: Effect of the interaction between salinity and P. fluorescence on Chlorine 

content in leaf of Tomato plant. 0:  without P. fluorescence 1: with P. fluorescence, 

Salinity: (control, 100,150) mM . 
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Chapter Five 

Discussion 

5.1 The Effect of P. fluorescence on yield and yield component.  

Salinity effect one of the major factor that influence plant and 

agriculture component represented in soluble salts concentrations in soils 

and irrigation water. Higher concentration of soluble salts lead to reduction 

in crop yields, the degree of this effect depends on (EC) the conductivity of 

saline water in the soil. In this study, the use of P. fluorescence was 

evaluated for their effectiveness in sustainable agriculture. 

Sharm et al., (2016) proposed that saline soil can be characterized by 

high soluble salts concentration in saline water that have effect on osmotic 

pressure in plant and lead to wilting of the plant. Also a reduction in 

electrical conductivity (EC)Several studies indicated that salt stress lead to 

decreases in yields (Pascale et al, 2015), Chretien et al., 2000; Fernandez et 

al., 2004). Li et al. (2001) and Eltez et al. (2002) also reported that number 

of fruit are un affected by moderate salinity and yield reduction was 

smaller fruit.  This study shown that the inoculation of tomato plant with P. 

fluorescencee using hydroponic system reduce the effect of salinity. The 

analysis of yield components in this study revealed higher results for shoot 

height, number of main branches, number of leaves, shoot fresh weight, 

shoot dry weight, root dry weight, root fresh weight, number of mainly 

nodules on root, leaf fresh weight, leaf dry weight, leaf area, length of main 

root, total biomass, main stem diameter, number of fruit per plant and fruit 
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weight with or without bacterial inoculation. Several studies have shown a 

positive effect of inoculated plants with PGP bacteria which lead 

significant improvement in plants productivity, include (PGPR) that 

increase growth and yields of potato, sugar beet, radish and sweet potato 

Farzana Y et al,2009) 

Salinity reduce the yields and yield components of plant in non-

inoculated tomato compared with inoculated plant with P. fluorescence 

bacteria that fruit number was 3.43 and 7.43 respectively, also, salinity 

might influence bacteria function in soil leads to toxicity of plant, but some 

bacteria have the ability to tolerate salinity and can live a long period of 

time in saline soil and these bacteria have positive impact on plant, yields, 

survival and proliferate for long periods.  

Salinity treatment improved the quality of fruits and plants cultivated 

with the nutrient film technique enhanced nutrient concentrations.(Maggio 

et al, 2006). 

Some of study about flowering intensity indicated that increasing 

salinity lead to reduction in the number of flowers for plant (Grunberg et al, 

1995; Van Ieperen, 1996),also decreased of fruit set and upper 

inflorescence of plant  (Adams and Ho, 1992). 

In this study the data revealed that salinity and bacteria was 

significantly influenced flowering intensity of tomato plant, also plants 

inoculated with P. fluorescence revealed higher plant flowering intensity 

compared with plants not inoculated with P. fluorescence 32.47 and 13.4 
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respectively, the result revealed that increase of salinity lead to increase 

flowering intensity, in which the flowering intensity was 25.05 at salinity 100 

mM level compared to 20.05 at control level of salinity, moreover inoculation 

with bacteria alleviate the effect of salinity on plant by three fold precisely  

36.2 at 150 mM with bacteria compared to 11.2 without bacteria at the same 

level of salinity. In the study the result showed highly significant in relation to 

bacteria effect, not significant shown regarding the salinity, however, a 

significant difference was observed for combined treatments of bacteria and 

salinity (Table1) (see list of appendix, table 34-36). 

Some studies about yields of tomato (Qaryouti et al, 2007), founds 

that total tomato yields is significantly reduced under salinity stress, in 

addition, Magan et al, (2008) founds that the total fresh fruits yields of 

tomato decreased significantly with increasing salinity, Del Amour et al, 

(2001) showed that tomato fruit yields reduced by salinity, the reduction 

was according to both size and number of fruit. A study conducted by 

Neelam Tank & Meenu Saraf (2010) showed that salinity reduce primary 

tomato root length by 60%.  

Fruit number of tomato plant in the study revealed that salinity and 

bacteria was significantly influence this parameter, also the plant 

inoculated with P. fluorescence revealed higher plant fruit number 

compared with non-inoculated plants 7.43 and 3.43 respectively, moreover 

salinity increase lead to decreasing in fruit number. However, in 

comparison to plant treated P. fluorescence at the same salinity level, 
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treated plants produced higher fruits number compared with non-inoculated 

plants 8.5 fruit at 150 mM with bacteria compared to 3 fruit without 

bacteria at the same level of salinity. Result in the study showed highly 

significant in bacteria effect but not significant in salinity effect, (Table2) 

(see list of appendix, table 37-39). 

Lucas et al., (2004) indicated that the number of tomato fruits 

produced in hydroponic medium were increased significantly by 

inoculation with PGPR. 

This study revealed that salinity and bacteria have influence on fruit 

weight of tomato, plants inoculated with P. fluorescence produced higher 

fruit weight of tomato compared with non-inoculated plants, however 

increasing salinity lead to decreasing fruit weight. Despite the negative 

effect of salinity inoculated plant showed the maximum fruit weight was 

104.6 g at 150 mM compared to non-inoculated plant at same salinity 12.6 

g, this result was highly significant in relation of bacteria and salinity 

(Table3) (see list of appendix, table 40-42).and indicated the pronounced 

effect of P. fluorescence as growth promoting bacteria. 

The root growth in plant affected negatively with increase salinity, 

root length in relation to bacteria and salinity in this study revealed 

significant on plant growth and development. Some study such as 1% NaCl 

decreased root length approximately 26%(Leo, 1964). However, the plant 

inoculated with P. fluorescence revealed higher root length compared with 

plant that was none inculcated with P. fluorescence 48.33cm and 33,72cm 
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respectively. The result revealed as salinity increase the root length of plant 

decrease in which the root length was 42.27cm at salinity control level 

compared 39.75cm at 100 mM salinity level, root length for inoculated 

plant with P.fluorescence was 50.8cm compared with non inoculated plant 

31.3cm at the same level of salinity 150 mM (Table4 ) (see list of 

appendix, table 43-45). 

Evlagon et al, (1992) found the root length decreased by 54%, 

surface area decreased by 20% after 4 weeks at 100 mM of salinity. Also 

growth of the root decreased under salinity effect. The tomato growth 

under salinity condition showed deleterious effect on the growth of root 

cell and toxic (ions) accumulation (Cuartero and Fernandez, 1999). 

In this study the analysis showed that salinity and bacteria was 

significantly influenced fresh root weight of tomato plant, the plant 

inoculated with P. fluorescence revealed higher fresh root weight compared 

with non-inoculated plant 13.44g and 11.76 g respectively. 

The result from this study revealed that as salinity increase the root 

fresh weight increase as it recorded 13.32 g at salinity 150 mM compared 

with 10.32 g at control level of salinity, root fresh weight that inoculated 

with P.fluorescence was 16.31g when compared with non inoculated plant 

10.32g at the same level of salinity 150Mm. The result showed non-

significant difference of bacteria on root fresh weight due to many factors, 

such as nutrient absorption of element. (Table5) (see list of appendix, table 

46-48).  
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Many studies proposed the root fresh weight decreased 30% after 3 

weeks when salinity solution present (Albacete et al, 2008), also Schwarz 

and Grosch, (2003) suggested that root fresh weight, dry mass, total length 

of the root, adventitious root number, root tab and lateral root decreased as 

salinity increase.   

The root dry weight of plant showed that salinity and bacteria was 

significantly influenced the root dry weigh in plant inoculated with P. 

fluorescence compared to non-inoculated 12.34g and 9.96g respectively, 

the result revealed as salinity increase the root dry weight increase the 

bacterial inoculation enhance the effect of salinity where the maximum root 

dry weight was 14.65 g at 150 mM salinity level for inoculated plant 

compared 8.80 g at the same level of salinity without bacterial inoculation , 

(Table6) (see list of appendix, table 49-51). 

The tomato main root number in this study was not significantly 

influenced by bacteria and salinity, however, the plant inoculated with P. 

fluorescence revealed higher number of main root compared with non-

inoculated P. fluorescence 6.43 and 3.93 respectively, and the results 

revealed as salinity increase the root main number decrease was 4.95 at 

salinity 100 mM compared to 5.5 at control. However inoculated tomato 

with P. fluorescence give higher main root number compared to non –

inoculated plant for instance at the same level of salinity100 mM was 6.50 

and 3.40 respectively, (Table7) (see list of appendix, table 52-54). 
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   The main root length was 7.05 cm compared with 5.45 cm at control 

level of salinity, main root length with inoculated with P.fluorescence 

bacteria that higher length compared with non inoculated plant bacteria at 

the same level of salinity 100 mM was 8.50cm and 4.60 cm respectively , 

in this study, main root length was significantly influenced with salinity 

and bacteria ,(Table 8 ) (see list of appendix, table 55-57). 

Number of nudes of tomato plant revealed that salinity and bacteria 

was significantly influenced of nude number of tomato plant, plant 

inoculation with bacteria has higher nude number compared with non-

inoculation plant 43.47 and 31.47 respectively, also increasing salinity 

reducing nude number  34.1 at control level compared with  40.55 at 100 

mM , node number of inoculated plant with P.fluorescence was 51.10 when 

compared with non inoculated bacteria was 30 at the same level of salinity 

100 Mm, (Table9 ) (see list of appendix, table 58-60). 

  These results are in agreement with Naseby et al. (2001) who 

proposed that P. fluorescence spray on pea plant showed increased dry 

weight of aerial parts, number of nodes and pods and seed weight.  

Several study showed that salinity have effect on growth of tomato 

shoot of plant grown under hydroponic system. Kamrani et al, (2013), 

showed that salinity at 20 mM influence tomato shoot development also 

decrease shoot height of tomato plant. Oztekin & Tuzel, (2011), revealed 

that at 200 mM salinity plant height reduced by 29.03% from the average 

tomato when compared with non salinity, Bartolini et al, (1991) and Franco 

https://www.tandfonline.com/doi/full/10.1080/17429140600907043
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et al, (1993) proposed that salinity as increase the plant length and 

thickness of stem reduced. 

This study revealed that salinity and bacteria have a significant influence 

on plant length of tomato, the results suggested that when salinity increase 

the plant length decrease when compared to control treatment in which 

plant length was 126.15 cm at the control compared with 116.45 cm at 150 

mM salinity level. However inoculation of bacteria under the same level of 

salinity150 mM increase plant height compared with non-inoculation 

bacteria in which 140.20 cm  plant height compared with  92.70cm 

respectively, (Table10 ) (see list of appendix, table 61-63). 

Bacterial inoculation revealed significant influence on branch 

number compared with non-inoculated 6.27 and 4.9 respectively, also 

branch number increasing with salinity increase was 5.3 at control level of 

salinity compared to 6.05 at 100 mM, branch number inoculated plant with 

P.fluorescence compared with non inoculated plant at the same level of 

salinity 100Mm was 7.50 and 4.60 respectively, (Table11 ) (see list of 

appendix, table 64-66). 

Plant weight of tomato revealed that salinity and bacteria was 

significantly influenced, plant inoculated with bacteria that higher weight 

of plant compared with non-inoculation 223.67g and 104.10g respectively, 

also increasing of salinity decrease plant weight at 100 mM was 177.80g 

compared with  158.30g at control level , plant weight for inoculated plant 

with P.fluorescence was 232.40g compared with non inoculated plant 
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78.70 g at the same level of salinity 150 Mm, (Table12 ) (see list of 

appendix, table 67-69). 

  Similarly plant stem diameter of tomato, influenced by inoculation 

with P. fluorescence as the stem diameter was higher in inoculated plant 

compared with non-inoculation 0.22inch and 0.20inch respectively, stem 

diameter for inoculated plant with P.fluorescence was 0.30 inch compared 

with non inoculated 0.28 inch at the same level of salinity 100 mM, 

(Table13 ) (see list of appendix, table 70-72). 

  These results was in agreement with many of studies that shown the 

effect of salinity on tomato shoot, such as fresh and dry weight of shoot 

(Bolarin et al; 1991, 1993). In addition to effect of salinity on stem 

diameter (Saberi et al, 2011).  Santoro et al., (2016) suggested that the 

increase of shoot fresh weight can be attributed to greater leaf and stem 

size, leading to increased aerial biomass. 

This study showed that plants inoculated with P. fluorescence give 

higher fresh stem weight compared with non-inoculation 23.83 g and 

19.90g respectively, in addition increasing salinity showed positive impact 

on fresh stem weight 25.42g at 100mM salinity level compared with 19.1 g 

at control level of salinity , inoculated plant with P.fluorescence fresh stem 

weight was 24.61 compared with non inoculated plant 26.23g at the same 

level of salinity 100 mM, (Table14 ) (see list of appendix, table 73-75). 
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   Similarly stem dry weight of tomato plant was not significantly 

influenced by salinity and bacteria however, the plants inoculated with P. 

fluorescence give higher stem dry weight compared with non-inoculated 

plants 19.86 g and 17.50 g respectively, the result showed that salinity 

increase stem dry weight in which the stem dry weight was 22.30g at 100 

mM salinity level compared with 14.94g at the control , stem dry weight 

for inoculated plant with P.fluorescence was 21.57g compared with non 

inoculated plant 23.04g at the same level of salinity 100mM, (Table15 ) 

(see list of appendix, table 76-78). 

  These result in agreement with Kumar et al., whom found that 

inoculation of Preseudomonas  fluorescence  enhance plant growth in 

terms of shoot height, root length and dry weight in pea. The effect of 

Preseudomonas on plant growth could be due to enhancing the production 

of growth promoter such as Ghibelline and Auxin as Eklund (1970) 

proposed that gibberellins and other hormones were produced 

by Pseudomonas spp. 

Several studies shown that the effect of salinity on plant growth 

parameter such as total leaf area, leaf size and maximum leaf length 

reduced as salinity increase (Maggio et al, 2004; Romero-Aranda et al, 

2006), also the higher the salinity level the lower the rate leaf 

photosynthesis (Maggio et al, 2007), rate of  leaf growth (Munns, 1993; 

Yilmaz et al, 2004; Chenu et al, 2008a), and higher leaf thickness 

(Sanchez-Blanco et al, 1991). This study demonstrated that leaf number of 
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tomato plant was significantly influenced by salinity and bacteria, the 

plants inoculation with P. fluorescence revealed higher leaf number 

compared with non-inoculation bacteria 245.3 and 171.7 respectively, leaf 

number for inoculated plant with P. fluorescence was 240 compared with 

non inoculated plant177.5 at the same level of salinity 150mM. the effect 

of P. fluorescence on leaf number was significant in relation to leaf 

number, (Table16) (see list of appendix, table 79-81). The results of this 

study might be due to the PGPB characteristics of P. fluorescence, which 

might promote nutrient uptake or enhanced the production of other natural 

hormones such as auxin and cytokinin (Silverstone et al., 2003) 

 Fresh leaf weight was significantly influenced by salinity and 

bacteria treatments. Plants inoculated with P. fluorescence revealed higher 

fresh leaf weight compared with non-inoculated plants 37.8 g and 28.1g 

respectively, however the effect of the combination between bacteria 

inoculation and same level of salinity on fresh leaf weight showed 50% 

reduction in the fresh weight was 46g for inoculated plant with 

P.fluorescence compared with non inoculated plant 22.6g at the same level 

of salinity 150mM., (Table17)(see list of appendix, table 82-84).This might 

be attributed to the threshold of salinity tolerance for tomato approximately 

9.6 dS m
−1 

at which transpiration and growth reduced sharply (Maggio et 

al., 2007). 

 

https://www.sciencedirect.com/science/article/pii/S0019103520304061#bbb0425
https://www.sciencedirect.com/science/article/pii/S1319562X20303375#bb0275
https://www.sciencedirect.com/science/article/pii/S1319562X20303375#bb0275
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Leaf dry weight of tomato plant revealed that salinity and bacteria 

was significantly influenced, P. fluorescence revealed higher plant leaf dry 

weight compared with plants not inoculated with P. fluorescence 23.7g and 

20.53g respectively, the result showed that when salinity increase leaf dry 

weight increase 23.9 g at 150 mM compared with control level of salinity 

18.45g,leaf dry weight of inoculated plant with P.fluorescence was 29.4g 

compared with non-inoculated plant 18.40g at the same level of salinity 

150mM , (Table18)(see list of appendix, table 85-87).In other studies 

conducted on tomato using PGPR such as Pseudomonas, Azotobacter  and 

Azospirillum  have been assessed, the results showed significant differences 

between the  fresh and dry weight of the plant, compared to tomato plants 

that was not inoculated with PGPR (Sharafzadeh, 2012) 

Leaf width of tomato plant revealed that salinity and bacteria was not 

significantly influenced this parameter, inoculation of P. fluorescence on 

plant shown higher width of leaf compared with non-inoculation bacteria 

was 11.47 cm and 7.35 cm respectively, the result showed that the increase 

of salinity lead to decrease in leaf width of tomato plant 9.03cm at 150 mM 

compared with 10.17cm at control level of salinity, leaf width for 

inoculated plant with P.fluorescence was 12.25cm compared with non 

inoculated plant 5.82cm at the same level of salinity 150mM. In this study, 

highly significant impact of bacteria and salinity combination on plant, but 

no significant difference was shown for salinity , (Table19)(see list of 

appendix, table 88-90).due to heat and shade condition in the current study. 
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Leaf length of tomato plant revealed that salinity and bacteria have 

no significant influence on this parameter, however, plants inoculated with 

P. fluorescence revealed higher plant leaf length compared to non-

inoculated 11.14cm and 8.23cm respectively, the result also showed that as 

salinity increase the leaf length decrease from 9.88cm at 100 mM  to10.05 

cm at control, leaf length for inoculated plant with P.fluorescence was 

12.47cm compared with non inoculated plant that 5.75cm at the same level 

of salinity 150mM.. In the study highly significant difference was shown in 

relation to the effect of bacteria and salinity on plant but not significant in 

relation effect of salinity, (Table20)(see list of appendix, table91-93).this 

might be due to shading. 

Some studies about total biomass of tomato plant showed that soil 

salinity cause the reduction in biomass production by affecting 

physiological and biochemical processes of the plant (Ahmad and John, 

2005; Ahmad, 2010; Ahmad and Sharma, 2010). 

In this study salinity and bacteria have been significant influenced on 

total biomass of tomato plant, The plants inoculated with P. fluorescence 

revealed higher plant total biomass compared with plants not inoculated 

with P. fluorescence 172.48 g and 87.31 g respectively, also increasing 

salinity lead to decreasing of total biomass, total biomass at 150 mM was 

191.25g for inoculated plants compared to 63.43 g for plants without 

inoculation at the same level of salinity. Singh et al. (2008) proposed that 

biomass reduction under salinity condition might be due to the inhibition or 

https://www.tandfonline.com/doi/full/10.1080/17429140903125848
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hydrolysis of reserved synthesizing food and its translocation to growing 

shoot parts. 

The result showed highly significant effect in relation to bacterial 

inoculation, but no significant effect was  revealed due to salinity, however, 

a significant difference was observed for the combination of salinity and 

bacteria treatments (Table21 )(see list of appendix, table 94-96 ).   

5.2 Effect of salinity and P. fluorescence on chemical composition 

Effects of salinity that released from soil solution is high salts 

whereas or compared with water uptake in hydroponics is only affected by 

the nutrient solution osmotic potential (Tavakkoli et al, 2012) . 

Salinity has inhibitory effect on biochemical processes in which 

photosynthesis is most important, some of  studies showed increasing 

salinity might influence osmotic potential of leaf sap resulting in osmotic 

regulation of plant (Kaymakanova and Stoeva, 2008; Kaymakanova et al., 

2008). 

Nitrogen analysis in root revealed that salinity and bacteria was 

significantly influenced, the plant inoculated with P. fluorescence acquired 

higher nitrogen content in root compared with non-inoculated plant root 

was 0.23% and 0.21% respectively, The results revealed as salinity increase 

the nitrogen content on roots decrease in which the nitrogen content was 

0.24% at 150 mM of salinity level compared to 0.22% at control salinity 
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level, nitrogen content for inoculated plant was 0.18% compared with non 

inoculated plant 0.29% at the same level of salinity 150mM.. 

The result in the study was highly significant in relation to bacteria 

and salinity effect, significant effect of salinity, but not significant effect of 

bacteria might be due to toxic effect of salinity on bacteria ,(Table22 )(see 

list of appendix, table 97-99).  Some of study about nitrogen showed that, 

protein could be affected negatively or positively by increasing salinity 

(Beltagi et al., 2006; Chen et al., 2007; Kapoor and Srivastava, 2010) these 

studies also demonstrated changes in protein content in plants treated by 

various salt concentrations.  

Nitrogen content in tomato leaf, not significant effect of bacteria on 

nitrogen content on plant root, the non-inoculated  plant was 0.81% and 0.8% 

for inoculated plant, result addressed that as salinity increased the nitrogen 

content in the leaf increased 0.9 %at 150 mM compared with 0.7% at control 

salinity, bacterial inoculation effect on increasing salinity where maximum 

nitrogen leaf  content was 0.93% for inoculated plant compared to non 

inoculated plant 0.78% at the same level of salinity 100mM.. In the study 

result that significant effect of bacteria to the plant, highly significant effect in 

salinity and bacteria, (Table23) (see list of appendix, table 100-102 ).   

The analysis of chlorine content in root revealed that salinity and 

bacteria significantly influenced chlorine content in the root of tomato 

plant. The plant inoculation with P. fluorescence was higher chlorine 

content on root compared to non- inoculated plant 1.04% and 0.30% 
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respectively, the result was high chlorine content on root with increasing 

salinity that 0.98% at control level compared with 5% at 150 mM of 

salinity level, however, chlorine content for inoculated plant was 0.95% 

compared with non inoculated plant 0.04% at the same level of salinity 150 

mM. The result showed effect of bacteria and salinity highly significant, 

(Table24) (see list of appendix, table 103-105), (Figure9).   

This study showed that sodium content in root was significantly 

influenced by salinity and bacteria, the plants roots inoculated with  P. 

fluorescence acquired higher sodium content in root compared with non-

inoculated plants root by two fold 0.069% and 0.037% respectively, the 

result showed that increasing salinity level have no effect on sodium 

accumulation in plant roots as it was 0.05 % at control level of salinity 

compared with 0.05 % at 150 mM level of salinity , sodium content in root 

for inoculated plant with P. fluorescence was 0.08% compared with non 

inoculated plant 0.04% at the same level of salinity 100mM. . In the 

contrary in the presence of bacteria and salinity the level of sodium content 

in root was increased by two fold, for example, the non-inoculated plant 

contain 0.03 % at 150 mM compared with 0.07% at the 150 mM level of 

salinity in inoculated plant root. In the study was highly significant with 

effect of bacteria and not significant in the effect of bacteria and salinity 

due to other reasons such as toxic elements, (Table25) (see list of appendix, 

table 106-108), (Figure10). Ashraf, et al., (2004) proposed that Inoculating 

wheat seedling with ex polysaccharide producing bacteria restricts sodium 

uptake and stimulates plant growth under salt stress.  
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Bacterial inoculation increase potassium content in tomato root 

significantly, plants inoculated with  P. fluorescence was higher in 

potassium content on root compared with non-inoculated plants  1.05% and 

0.32% respectively, potassium content in root decrease with increasing 

salinity, but inoculation of P. fluorescence bacteria reduced the effect of 

salinity on plant the potassium content in root was 1.22% compared with 

non inoculated plant 0.30% at the same level of salinity 150Mm, (Table26) 

(see list of appendix, table 109-111), (Figure11). Some study about of 

potassium in relation to salinity (Shabala & Cuin 2007) demonstrated that 

the potassium plays a crucial role in salt tolerance in plant and that the effect 

of imbalance potassium content lead to sever water deficit, as a result is 

important in maintaining turger pressure and plant weight through 

maintenance of water in the plant tissue. 

Calcium content in tomato root was significantly influenced by 

salinity and bacteria, plants inoculated with P. fluorescence give higher 

calcium content compared with non inoculated plant was 3.6% and 2.2% 

respectively. Result showed that as salinity increase the calcium content in 

root decrease was 2.83% at salinity control compared with 3% at 150mM 

of salinity level, but inoculation of P. fluorescence bacteria reduced the 

effect of salinity on calcium content and in same control level (zero 

salinity) revealed best result as it showed 4.50% with inoculated plant 

compared with 1.17% with non inoculated plant at the same control of 

salinity level in contrast when compared at 100 mM was 3.30 % for 

inoculated plant and 2.50% without bacteria at the same salinity level 
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100mM. In this study highly significant difference in calcium content due 

to bacteria and, but no significant difference in relation to salinity this 

might be due to hydroponic system and water circulation, (Table27)(see list 

of appendix, table 112-114),(Figure12).   

The chemical analysis of root showed that salinity and bacteria have 

significant influence on the accumulation of phosphorus in tomato root, 

plants inoculated with P. fluorescence showed higher content compared 

with non inoculated plant 1897.97 ppm and 1882.29 ppm respectively, in 

addition, it showed that as salinity   increasing phosphorus content in root 

decreased, for example at 100 mM phosphorus content was 1959.67 ppm 

compared to 1867.08 ppm at control level of salinity. However, bacterial 

inoculation ameliorate the effect of salinity when compared with non 

inoculated plant as it was 2010.17ppm with P. fluorescence bacteria 

inoculated plant compared with 1724 ppm without bacteria at the same 

level of control salinity, phosphorus content in root revealed higher result 

effect of bacteria at (zero salinity) in contrast when compared effect of 

bacteria at 100mM was 1967.17ppm for non inoculated plant and 

1952.17ppm for inoculated plant, this might be a good indicator even the 

statistical analysis prove not significant effect of bacteria. The data 

revealed highly significant effect of salinity and salinity with bacteria on 

plant, (Table28) (see list of appendix, table 115-117), (Figure13). In this 

regards several studies demonstrated positive effect of PGP bacteria to 

produce more root hairs hence increase the nutrients uptake such as 

nitrogen and phosphorus (Sharma et al., 2013; Ahemad and Kibret, 2014).  

https://www.sciencedirect.com/science/article/pii/S0944501318307298#bib0360
https://www.sciencedirect.com/science/article/pii/S0944501318307298#bib0005
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Some study should that sodium content on plant leaf significantly 

influenced by increase salt stress this lead to reduction in plant growth in 

addition, Na concentration inhibit K ,Ca and Mg uptake (Mayak et al. 

2004, Cuartero & Fernández-Muñoz 1999). In this study sodium content in 

leaf significantly influenced by salinity and bacteria treatment, higher 

sodium content in leaf due to P. fluorescence inoculation than non 

inoculated plant  0.14% and 0.12% respectively , Sodium content increase 

as salinity increase 0.14% at 100 mM compared with 0.13% at control 

salinity level ,sodium content in leaf revealed positive result for non-

inoculated plant with  P. fluorescence was 0.11% compared with 

inoculated plant 0.15% at the same level of control salinity, in contrast 

when compared at 150mM was 0.12% for non-inoculated plant and 0.13% 

for inoculated plant at same salinity ,(Table29 )(see list of appendix, table 

118-120),(Figure14).   

Potassium content in leaf was influenced by salinity and bacterial 

inoculation, plants inoculated with P. fluorescence showed higher 

potassium content in leaf compared to non inoculated plant 2.02% and 

1.63% respectively, the result showed that potassium decrease when 

salinity increase where Potassium content was 1.88% at 150 mM level of 

salinity compared with 1.81% at control level of salinity, bacterial 

inoculation have effect on the level of potassium content as the result 

showed maximum k content 2.16 at 150 mM for inoculated plant compared 

with non inoculated plant 1.55% at the same level of salinity without 

bacterial inoculation. In the study, the effect of bacteria was significant, not 
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significant effect of bacteria and salinity combination this might be due to 

soluble fertilizers' in the hydroponic system, (Table30) (see list of 

appendix, table 121-123), (Figure15).    

The analysis of calcium content in leaf revealed that salinity and 

bacteria was significantly influenced its accumulation in plant leaf. Plants 

inoculated with P. fluorescence give higher calcium content compared with 

non-inoculated plant 4.13% and 3.66% respectively, furthermore the result 

showed that as salinity increase the level of calcium content decrease 

3.12% at 150 mM compared with 4.92% at salinity control, However, 

calcium content in leaf revealed higher result at (zero salinity) was 5% for 

inoculated and non-inoculated plant, in contrast when compared inoculated 

plant was 3.36% and 4% for without inoculation bacteria. In this study, 

bacteria and salinity effect was significant, moreover a highly significant 

was also prevailed for salinity, (Table31) (see list of appendix, table 124-

126), (Figure16).   

  The phosphorus content in tomato leaf in relation to salinity and 

bacteria was significantly influenced, the non inoculated plant showed 

higher phosphorus content in leaf than plants inoculated with bacteria  

320ppm and 293.17ppm respectively, result also showed that phosphorus 

content in leaf decrease with increasing salinity  307.17ppm at control level 

of salinity compared with 333.78ppm at 150 mM level of salinity level, 

non-inoculation of bacteria at the same (zero salinity) level give higher 

phosphorus content in leaf was 357.33ppm  compared with inoculation 
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bacteria was 257ppm,incontrast when compared at 100mM for inoculated 

plant was 285.27ppm compared with 272.33ppm for non-inoculation plant. 

In this study a highly significant difference when tomato plant treated with 

bacteria under saline condition, (Table32 ) (see list of appendix, table127-

129), (Figure17).  Fan et al., 2017 suggested that inoculation with PGPR 

may increase plant growth and N, P uptake by tomato grown in calcareous 

soils. However, the effect of PGPR varied and was influenced by many 

factors, in contrast Reyes-Castillo et al (2019) proposed that P solubilizing 

strains did not show a positive effect on tomato plant growth or increase in 

available soil P. 

Chlorine content in tomato leaf revealed that salinity and bacteria 

was significantly influenced it content, as the non-inoculated plants 

accumulated higher chlorine in leaf than inoculation plant 4.23% and 

3.89% respectively, the result also showed the increasing salinity lead to 

more chlorine content in tomato leaf  3.99% at control level of salinity 

compared with 4.22% at 150 mM level of salinity, inoculation of P. 

fluorescence bacteria under saline condition decrease chlorine content as it 

showed 4.27% compared with non inoculated bacteria 3.65% at the same 

level of salinity  150 mM . The data of this study showed that the effect of 

bacteria was significant, salinity effect was not significant due to irrigation 

water, while highly significant effect of bacteria and salinity interaction, 

(Table33 ) (see list of appendix, table 130-132 ), (Figure18).  
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Conclusions 

 Tomato plant is highly affected with high salinity grown in 

hydroponic system or even growing in soil, using Pseudomonas 

fluorescence, provide positive effect on plants that treated with high 

salinity and reduce the negative effect of salinity. 

Several main points arise from this study: 

i. P. fluorescence has significant effect in reducing salinity effect on growth 

parameters such as (plant length, branch number, root length, node number, 

leaf number, fresh root weight, total biomass, plant weight). 

ii. Preseudomonas fluorescence (double increased yields) fruit weight, fruit 

number of tomato fruit significantly even at high level of salinity. 

iii. Plants inoculation with Pseudomonas fluorescence was significantly 

(double increased flowering intensity) and decrease the period required for 

flowering (early flowering) from 10-14 day. 

iv. Accumulation of Na and Cl in plant root that inoculated with 

Pseudomonas fluorescence compared with non-inoculated plant might be 

due to osmotic potential that released from stress or antagonism with other 

nutrients. 

v. No effect of plant that inoculated with Pseudomonas fluorescence in 

relation to the content of Na, N, Ca and Cl in plant leaf. 
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vi. At 150mM for non-inoculated plants showed higher N content in root, the 

result revealed 0.29% compared with inoculated plant 0.18% at the same 

level of salinity in relation to bacteria and salinity. 

vii. Inoculation of bacteria enhance plant absorption for P and  K content in 

root and leaf ,also Ca content in root that was higher in plant inoculated 

with bacteria under salinity condition. 

viii. Bacteria have beneficial effect in decreasing the effect of salinity. 

ix. The inoculated plant with P. fluorescence can maintenance a longer 

period of time (longer age plant) at around 10-15 day. 

Recommendations 

Based on the results of this study, the following recommendations 

could be given based on the effect Pseudomonas fluorescence on early 

flowering which lead to early production and higher price and also long 

maintenance period in the field. 

 Preseudomonas fluorescence can be used in tomato as a fertilizers 

addition.  

 P. fluorescence can be use in hydroponic system with salinity level 

around 100_150 mM. 

 P. fluorescence might be studied on the different plant species and 

different level of salinity. 

 



104 

 

References 

1. Abdel Latef, A.A. (2010). Changes of antioxidative enzymes in 

salinity tolerance among different wheat cultivars. Cereal Res. 

Comm. 38, 43–55. 

2. Abrol IP, Yadav JSP, Massoud FI (1988). Salt-affected soils and their 

management. FAO Soils Bulletin 39, Food and Agriculture 

Organization of the United Nations, Rome, Italy, 131 pp 

3. Adams, P. and Ho, L.C. (1992). The susceptibility of modern tomato 

cultivars to blossom end rot in relation to salinity. J. Hortic. Sci. 67: 

827–839. 

4. Ahmad, P. (2010). Growth and antioxidant responses in mustard 

(Brassica juncea L.) plants subjected to combined effect of 

gibberellic acid and salinity. Arch. Agro. Soil Sci. 56(5): 575–588. 

5. Ahmad, P. and R. John. (2005). Effect of salt stress on growth and 

biochemical parameters of Pisum sativum L. Arch. Agron. Soil 

Sci. 51: 665–672. 

6. Ahmad, P. and S. Sharma. (2010). Physico-biochemical attributes in 

two cultivars of mulberry (M. alba) under NaHCO3 stress. Int. J. 

Plant Prod. 4(2): 79–86. 

 

 



105 

 

7. Albacete A, Ghanem ME, Martinez-Andujar C, Acosta M and Sanchez-

Bravo J (2008). Hormonal changes in relation to biomass 

partitioning and shoot growth impairment in salinized tomato 

(Solanum lycopersicum L.) plants. J. Exp. Bot. 59: 4119-4131. 

8. Allakhverdiev S. I. & Sakamoto A. & Nishiyama Y. & Inaba M. & 

Murata N (2000). Ionic and osmotic effects of NaCl-induced 

inactivation of photosystems I and II in Synchronous sp. Plant 

Physiology.  123(3):1047–1056. 

9. Altman, J. (1970). In T. A. Toussoun, R. V. Bega, and P. E. Nelson 

(ed.), Root diseases and soil-borne pathogens. University of 

California Press, Berkeley.  

10. Ashraf, M., Berge, S.H., Mahmood, O.T(2004): Inoculating wheat 

seedling with exopolysaccharide producing bacteria restricts sodium 

uptake and stimulates plant growth under salt stress. – Biol. Fertil. 

Soils 40: 157-162. 

11. Bartolini, G.; Mazuelos, C. and Troncoso, A. (1991). Influence of 

Na2SO4 and NaCl salts on survival, growth and mineral 

composition of young olive plants in inert sand culture. Adv. Hort. 

Sci. 5: 73–76. 

12. Beltagi, M.S., Ismail, M.A., Mohamed, F.H., (2006). Induced salt 

tolerance in common bean (Phaseolus vulgaris L.) by gamma 

irradiation. Pak. J. Biol. Sci. 6, 1143–1148. 



106 

 

13. Bolarin MC, Cuartero EG, Cruz V and Cuartero J (1991). Salinity 

tolerance in four wild tomato species using vegetative yield salinity 

response curves. J. Am. Soc. Hort. Sci.116: 286-290. 

14. Bolarin MC, Perez-Alfocea F, Cano EA, Estan MT and Carol M 

(1993). Growth, fruit yield and ion concentration in tomato 

genotypes after pre- and post-emergence salt treatments. J. Am. Soc. 

Hort. Sci. 118: 655-660. 

15. Bostock R. M. & Pye M. F. & Roubtsova T. V. (2014). Predisposition 

in plant disease: exploiting the nexus in abiotic and biotic stress 

perception and response. Annu. Rev. Phytopathol. 52 517–549.  

16. Bradbury J. (1986). Pseudomonas. In: Guide to Plant Pathogenic 

Bacteria. CAB International. UK. pp 110-185.  

17. Burr, T. J., and A. Caesar. (1984). Beneficial plant bacteria. Crit. Rev. 

Plant Sci. 2:1-20. 

18. Burr, T. J., M. N. Schroth, and T. Suslow. (1978). Increased potato 

yields by treatment of seed pieces with specific strains of 

Pseudomonas fluorescens and P. putida. Phytopathology 68: 1377. 

19. Bustomi Rosadi RA, Senge MSTR, Suhandy D and Tusi A (2014). The 

Effect of EC Levels of Nutrient Solution on the Growth, Yield, and 

Quality of Tomatoes (Solanum Lycopersicum) under the 

Hydroponic System. J. Agric Eng. Biotechnol. 2(1): 7-12. 



107 

 

20. Butler, J.D. and Oebker, N.F. (2006). Hydroponics as hobby growing 

plants without soil. Circular 844, Information Office, College of 

Agriculture, University of Illinois, Urbana, IL 6180p. 

21. Carneiro, P.T.; Fernandes, P.D.; Gheyi, H.R.; Soares, F.A.L. and 

Vianai, S.B.A. 2004. Salt tolerance of precocious-dwarf cashew 

rootstocks — physiological and growth indexes. Sci. Agric. 

(Piracicaba, Braz.) 61: 9–16. 

22. Chen Z, Shabala S, Mendham N, Newman I, Zhang G, Zhou M. 

(2008). Combining ability of salinity tolerance on the basis of 

NaCl-induced K+ flux from roots of barley. Crop Science 48, 

1382–1388. 

23. Cheng Z., Woody O. Z., McConkey B. J., Glick B. R. (2012). 

Combined effects of the plant growth-promoting 

bacterium Pseudomonas putida UW4 and salinity stress on 

the Brassica napus proteome. Applied Soil Ecology. 61:255–263. 

24. Chenu, K.; Chapman, S.C.; Hammer, G.L.; Mclean, G.; Benhaj Salah, 

H. and Tardieu, F. (2008a). Short-term responses of leaf growth 

rate to water deficit scale up to whole-plant and crop levels: an 

integrated modelling approach in maize. Plant Cell Environ. 31: 

378–391.  

25. Chirva, Yu.A., Kalunyuk, S.M., Zhovtonog, I.S. & Kozishkurt, N.E. 

(1990). Techniques for desalinization of irrigated soils. Kiev. 104 

pp. (in Russian) 



108 

 

26. Compant S., Duffy B., Nowak J., Clément C., Barka E. A. (2005). Use 

of Plant Growth-Promoting Bacteria for Biocontrol of Plant 

Diseases: Principles, Mechanisms of Action, and Future Prospects. 

Appl. Environ. Microbiol. 71(9):4951-4959.  

27. Cramer, G.R. and R.S. Nowak. (1992). Supplemental manganese 

improves the relative growth, net assimilation and photosynthetic 

rates of salt-stressed barley. Physiol. Plant. 84: 600–605. 

28. Cruz V, Cuartero J, Bolarin MC and Romero M (1990). Evaluation of 

characters for ascertaining salt stress responses in Lycopersicon 

species. J. Am. Soc. Hortic. Sci. 115: 1000-1003. 

29. Cuartero J and Fernandez MR (1999). Tomato and salinity. Scientia 

Hort. 78: 83-125. 

30. Cyrus, D.P., T.J. Martin and P.E. Reavell (1997). Salt-water intrusion 

from the Mazingazi river and its effects on adjacent swamp forest 

at Richards Bay, Zululand, South Africa. Water SA, 23, 101-108  

31. Dalton FN, Maggio A and Piccinni G (1997). Effect of root 

temperature on plant response functions for tomato: comparison 

of static and dynamic salinity stress indices. Plant Soil. 192:       

307-319. 

32. Dasgan, H.Y., Aktas, H., Abak, K., Cakmak, I., 2002. Determination 

of screening techniques to salinity tolerance intomatoes and 

investigation of genotype responses. Plant Sci. 163, 695–703. 



109 

 

33. De Pascale, S.; Maggio, A.; Orsini, F.; Stanghellini, C.; Heuvelink, E 

(2015). Growth response and radiation use efficiency in tomato 

exposed to short-term and long-term salinized soils. Sci. Hortic. 

189, 139–149. 

34. Chretien S, Gosselin A and Dorais M (2000) High electrical 

conductivity and radiation-based water management improve 

fruit quality of greenhouse tomatoes grown in rochwool. Hort. Sci. 

35: 627-631 

35. Del Amour FM, Martinez V and Cerd A (2001). Salt Tolerance of 

Tomato Plants as Affected by Stage of Plant Development. Hort. 

Sci. 36: 1187-1193. 

36. Devries, J. (2003). Hydroponics. In Ball redbook: Greenhouses and 

equipment, vol. 1, 17th ed., ed. C. Beytes, 103–114. Batavia, IL: Ball 

Publishing. 

37. Egorov, V.V., Fridland, V.M., Ivanova, E.N., Rozov, N.N., et.al. 

(1977). Classification and diagnostics of soils of the USSR. 

Moscow, Kolos, 224 pp. (in Russian) 

38. Evlagon D, Ravina I and Neumann PM (1992). Effects of salinity 

stress and calcium on hydraulic conductivity and growth in maize 

seedling roots. J. Plant Nutr. 15(617):795-803. 

39. Flowers, T.J. (2004). Improving crop salt tolerance. J. Exp. Bot. 55: 

307–319. 



110 

 

40.  Foreman J., Demidchik V., Bothwell J. H. F., et al. Reactive oxygen 

species produced by NADPH oxidase regulate plant cell 

growth. Nature. 2003;422(6930):442–446. 

41. Franco, J.A.; Esteban, C. and Rodryguez, C. (1993). Effects of salinity 

on various growth stages of muskmelon cv Revigal. J. Hortic. Sci. 

68: 899–904. 

42. . Farzana Y, Saad ROS, Kamaruzaman S, 2009. Growth and storage 

root development of Sweet potato inoculated with rhizobacteria 

under glasshouse conditions. Australian Journal of Basic and 

Applied Sciences, 3 (Suppl 2): 1461-1466. 

43. Gama, P. B. S., Inanaga, S., Tanaka, K., & Nakazawa, R. (2007). 

Physiological response of common bean (Phaseolus vulgaris L.) 

seedlings to salinity stress. African Journal of Biotechnology, 6 (2). 

44. Gama, P.B.S., Inanaga, S., Tanaka, K., Nakazawa, R., (2007). 

Physiological response of common bean (Phaseolus vulgaris L.) 

seedlings to salinity stress. Afr. J. Biotechnol. 6 (2), 79–88.  

45. Gardner, J. M., J. L. Chandler, and A. W. Feldman. 1984. Growth 

promotion and inhibition by antibiotic-producing fluorescent 

pseudomonads on citrus roots. Plant Soil. 77:103-113. 

 

 



111 

 

46. Geels, F. P., and B. Schippers. (1983). Reduction of yield depressions 

in high frequency potato cropping soil after seed tuber treatments 

with antagonistic fluorescent Pseudomonas spp. Phytopathol. Z. 

108:207-214. 

47. Genc Y, McDonald GK, Tester M. (2007). Reassessment of tissue 

Na+ concentration as a criterion for salinity tolerance in bread 

wheat. Plant, Cell & Environment 30, 1486–1498. 

doi:10.1111/j.1365-3040.2007. 01726.x 

48. Gericke, W. F. (1940). The complete guide to soilless gardening. 

New York: Prentice Hall.  

49. Glass, D. M. 1989. Plant nutrition: An introduction to current 

concepts. Boston: Jones and Bartlett Publishers 

50. Gregory PJ, Bengough AG, Grinev D, Schmidt S, Thomas WTB, 

Wojciechowski T, Young IM (2009) Root phenomics of crops: 

opportunities and challenges. Functional Plant Biology 36, 922–929. 

doi:10.1071/FP09150 

51. Grieve, C.M.; Francois, L.E. and Maas, E.V. 1994. Salinity affects 

the timing of phasic development in spring wheat. Crop Sci. 34: 

1544–1549. 

52. Grunberg, K., Fernandez-Munoz, R., and Cuartero, J. (1995). Growth, 

flowering, and quality and quantity of pollen of tomato plants 

grown under saline conditions. Acta Hortic. 412: 484–489. 



112 

 

53. Gutierrez, E. V.  (2018). An overview of recent studies of tomato 

(Solanum lycopersicum spp) from a social, biochemical and 

genetic perspective on quality parameters. Alnarp-Sweden: 

Sveriges lantbruksuniversitet. (Introductory Paper, 2018:3). 

54. Ha, E., Ikhajiagba, B., Bamidele, J.F., Ogic-odia, E., (2008). Salinity 

effects on young healthy seedling of kyllingia peruviana collected 

from escravos, Delta state. Global J. Environ. Res. 2 (2), 74–88. 

55. Habib, S. H. & Kausar, H. & Saud, H. M. (2016). Plant Growth-

Promoting Rhizobacteria Enhance Salinity Stress Tolerance in 

Okra through ROS-Scavenging Enzymes. BioMed Research 

International, PMC4756578 

56. Hajiboland R, Aliasgharzadeh A, Laiegh SF and Poschenrieder C 

(2010). Colonization with arbuscular mycorrhizal fungi improves 

salinity tolerance of tomato (Solanum lycopersicum L.) plants. 

Plant Soil 331: 313-327. 

57. Han HS, Supanjani Lee KD. 2006. Effect of co- inoculation with 

phosphate and potassium solubilizing bacteria on mineral uptake 

and growth of pepper and cucumber. Plant Soil Environ. 52:130–136. 

58. Hasegawa, P., R.A. Bressan, J.K. Zhu, and H.J. Bohnert. (2000). Plant 

cellular and molecular responses to high salinity. Annu. Rev. Plant 

Mol. Biol. 51: 463–499. 



113 

 

59. Hasegewa, P.M., Bressan, R.A., Zhu, J.K., Bohnert, H.J., (2000). Plant 

cellular and molecular responses to high salinity. Annu. Rev. Plant 

Physiol. Mol. Biol. 51, 463–499. 

60. Hernández, J. A. (2019). Salinity Tolerance in Plants: Trends and 

Perspectives. International Journal of Molecular Science.  

61. Houimli, S.I.M., Denden, M., Elhadj, S.B., (2008). Induction of salt 

tolerance in pepper (B0 or Hbt 10mmtt1) by 24-epibrassinolide. 

Eurasia J. Biol. Sci. 2, 83–90. 

62. Howard, K.W.F. and E. Mullings (1996). Hydrochemical analysis of 

ground-water flow and saline incursion in the Clarendon Basin, 

Jamaica. Ground Water, 34, 801-810  

63. Jaleel C. A., Riadh K., Gopi R., et al. (2009). Antioxidant defense 

responses: physiological plasticity in higher plants under abiotic 

constraints. Acta Physiologiae Plantarum.  31(3):427–436. 

64. James RA, Caemmerer SV, Condon AGT, Zwart AB, Munns R. 

(2008). Genetic variation in tolerance to the osmotic stress 

component of salinity stress in durum wheat. Functional Plant 

Biology 35, 111–123. 

65. Jamil, M., Lee, C.C., Rehman, S.U., Lee, D.B., Ashraf, M., Rha, E.S., 

(2005). Salinity (NaCl) tolerance of brassica species at germination 

and early seedling growth. Electronic J. Environ. Agric. Food 

Chem., ISSN: 1579–4377. 



114 

 

66. Jeroˆnimo, L.A.; Gean, L.D.L.; Maiquel, H.W.; Rodrigo, D.S.G.; 

Gisele, T.B. and Orcial, C.B. (2005). Growth and yield of lettuce 

plants under salinity. Hortic. Bras., 23: 931–934. 

67. Jiang, Y., B. Yang, N.S. Harris, and M.K. Deyholos. (2007). 

Comparative proteomic analysis of NaCl stressresponsive proteins in 

Arabidopsis roots. J. Exp. Bot. 58: 3591–3607. 

68. Jones, J. B. (2014). Complete Guide for Growing Plants 

Hydroponically. USA, GroSystem.Inc.  

69. Kabashna L., 1975. Identification of the pathogens of bacterioses of 

hyacinth. RPP, 1975, 54, №3359; Microbiologichnii Zhurnal 

37(1):20-26.  

70. Kamrani MH, Khoshvaghti H and Hosseinniya H (2013). Effects of 

Salinity and Hydroponic Growth Media on Growth Parameters in 

Tomato (Lycopersicon esculentum Mill.). Int. J Agron Plant Prod. 

4(10): 2694-2698. 

71. Kapoor, K., Srivastava, A., (2010). Assessment of salinity tolerance of 

Vinga mungo var. Pu-19 using ex vitro and in vitro methods. Asian 

J. Biotechnol. 2 (2), 73–85. 

72. Kaymakanova, M., Stoeva, N., (2008). Physiological reaction of bean 

plants (Phaseolus vulgares L.) to salinity stress. Gen. Appl. Plant 

Physiol. 34 (3–4), 177–188. 



115 

 

73. Kaymakanova, M., Stoeva, N., Mincheva, T., (2008). Salinity and its 

effect on physiological response of bean (Phaseolus vulgares L.). 

central. Eur. Agric. 9 (4), 749–756. 

74. Keel, C., C. Voisard, C. H. Berling, G. Kadr, and G. Defago. (1989). 

Iron sufficiency, a prerequisite for the suppression of tobacco root 

rot by Pseudomonas fluorescens strain CHAO under gnotobiotic 

conditions. Phytopathology 79:584-589. 

75. Kimura, K. & Sinha, N. (2008). Tomato (Solanum lycopersicum): A 

Model Fruit-Bearing Crop. Cold Spring Harbor Laboratory Press, 

Vol. 3, Issue 11. 

76. Kloepper, J. W., D. J. Hume, F. M. Scher, C. Singleton, B. Tipping, M. 

Laliberte, T. Frauley, C. Kuutchaw, C. Simonson, R Lifshitz, I. 

Zaleska, and L. Lee. (1988). Plant growth-promoting rhizobacteria 

on canola (rapeseed). Plant Dis. 72:4246. 

77. Kloepper, J. W., J. Leong, M. Teintze, and M. N. Schroth. (1980). 

Pseudomonas siderophores: a mechanism explaining disease 

suppressive soils. Curr. Microbiol. 4:317-320. 

78. Kloepper, J. W., M. N. Schroth, and T. D. Miller. (1980). Effects of 

rhizosphere colonization by plant growth-promoting rhizobacteria 

on potato plant development and yield. Phytopathology 70:1078-1082. 

79. Kloepper, J. W., M. N. Schroth, and T. D. Miller. (1980). Effects of 

rhizosphere colonization by plant growth-promoting rhizobacteria 

on potato plant development and yield. Phytopathology 70:1078-1082. 



116 

 

80. Kopittke PM, Blamey FPC, Kinraide TB, Wang P, Reichman SM, 

Menzies NW. (2011). Separating multiple, short-term, deleterious 

effects of saline solutions on the growth of cowpea seedlings. New 

Phytologist 189, 1110–1121. 

81. Kovács, Judit (2017). Comparative study of salt stress-induced 

physiological and molecular responses in tomato (Solanum 

lycopersicum L.). Ph.D. Dissertation, University of Szeged.  

82. Kumar, B.S.D.; Berggren, I.; Mårtensson, A.M. Potential for 

improving pea production by co-inoculation with fluorescent 

Pseudomonas and Rhizobium. Plant Soil, 229, 25-34, 2001. 

83. Lauchli, A. and S.R. Grattan. (2007). Plant growth and development 

under salinity stress. In: Advances in Molecular Breeding toward 

Drought and Salt Tolerant Cropseds, Eds. Jenks, M.A. et al. Springer, 

Heidelberg, Germany, pp. 1–32. 

84. Leo MWM (1964). Plant-water-salt relationships: As studied with a 

split-root technique. Irish J. Agric. Res. 3: 129-131. 

85. Lifshitz, R., J. W. Kloepper, M. Kozlowski, C. Simonson, J. Carlson, E. 

M. Tipping, and I. Zaleska. (1987). Growth promotion of canola 

(rapeseed) seedlings by a strain of Pseudomonas putida under 

gnotobiotic conditions. Can. J. Microbiol. 33: 390-395. 

 



117 

 

86. Lifshitz, R., J. W. Kloepper, M. Kozlowski, C. Simonson, J. Carlson, E. 

M. Tipping, and I. Zaleska. (1987). Growth promotion of canola 

(rapeseed) seedlings by a strain of Pseudomonas putida under 

gnotobiotic conditions. Can. J. Microbiol. 33: 390-395. 

87. Maas, E.V. (1986). Salt tolerance of plants. Appl. Agric. Res. 1, 12–26. 

88. Magan JJ, Gallardo M, Thompson RB and Lorenzo P (2008). Effects of 

salinity on fruit yield and quality of tomato grown in soil-less 

culture in greenhouses in Mediterranean climatic conditions. 

Agric. Water Manag. 95: 1041-1055. 

89. Maggio, A., P.M. Hasegawa, R.A. Bressan, M.F. Consiglio, and R.J. 

Joly. (2001). Unraveling the functional relationship between root 

anatomy and stress tolerance. Aust. J. Plant Physiol. 28: 999–1004. 

90. Maggio, A.; De Pascale, S.; Angelino, G.; Ruggiero, C. and Barbieri, 

G. (2004). Physiological response of tomato to saline irrigation in 

long-term salinized soils. Eur. J. Agron. 21: 149–159.  

91. Maggio, A.; Raimondi, G.; Martino, A. & De Pascale, S. (2006). Salt 

stress response in tomato beyond the salinity tolerance threshold. 

Environmental and Experimental Botany 59 (2007) 276–282. 

92. Maggio, A.; Raimondi, G.; Martino, A. and De Pascale, S. (2007). Salt 

stress response in tomato beyond the salinity tolerance threshold. 

Environ. Exp. Bot. 59: 276–282.2006.02.002. 



118 

 

93. Massoud FI (1977). Basic principles for prognosis and monitoring of 

salinity and sodicity. Proceedings of the international conference on 

managing saline waters for irrigation. 16–20 Aug 1976, Texas Tech 

University, Lubbock, Texas, USA, pp 432–454 

94. Memon, S.A., Hou, X., Wang, L.J., (2010). Morphological analysis of 

salt stress response of pak Choi. EJEAFChe 9 (1), 248–254. 

95. Memon, S.A., Hou, X., Wang, L.J., (2010). Morphological analysis of 

salt stress response of pak Choi. EJEAFChe 9 (1), 248–254. 

96. Misra, A.N., Latowski, D., Stirzalka, K., (2006). The xanthophyll 

cycle activity in kidney bean and cabbage leaves under salinity 

stress. Biomed. Life Sci. 53 (1), 102–109. 

97. Mittler R. (2001). Oxidative stress, antioxidants and stress 

tolerance. Trends in Plant Science.  7(9):405–410. 

98. Munns R and Tester M (2008). Mechanisms of salinity tolerance. 

Ann Rev Plant Biol. 59: 651-681. 

99. Munns R. (2002). Comparative physiology of salt and water stress. 

Plant, Cell & Environment 25, 239–250. doi:10.1046/j.0016-

8025.2001. 00808.x 

100. Munns, R. (1993). Physiological processes limiting plant growth in 

saline soils: some dogmas and hypotheses. Plant Cell Environ. 16: 

15–24. doi:10.1111/j.1365-3040. 1993.tb00840. x. 



119 

 

101. Munns, R. (2002a). Comparative physiology of salt and water 

stress. Plant Cell Environ. 25: 239–250. 

102. Munns, R. (2002b). Salinity, growth and phytohormones. In: 

Salinity: Environment—Plants—Molecules. Eds. Lauchli, A. and 

Luttge, U. Kluwer Academic Publishers, Dordrecht, the Netherlands, 

pp. 271–290. 

103. Munns, R. (2005). Genes and salt tolerance: Bringing them 

together. New Phytol. 167: 645–663. 

104. Murillo-Amador, B., Yamada, S., Yamaguch, T., Puente, E.R., Serrano, 

N.A., Hernandez, L.G., Aguilar, R.L., Dieguez, E.T., Garibay, A.N., 

(2007). Salinity toxicity influence of calcium silicate on growth 

physiological parameters and mineral nutrition in two legume species 

under salt stress. J. Agron. Crop Sci. 193 (6), 413–421. 

105. Maggio A., Raimondi G. ,  Martino A. ,  De Pascale S.(2007) . Salt 

stress response in tomato beyond the salinity tolerance threshold 

Environ. Exp. Bot., 59 pp. 276-282 

106. Mayak S, Tirosh T, Glick BR (2004) Plant growth-promoting 

bacteria confer resistance in tomato plants to salt stress. Plant 

Physiol Biochem 42: 565–572. 

107. Najla, S.; Vercambre, G.; Page`s, L.; Grasselly, D.; Gautier, H. and 

Ge´ nard M. (2009). Tomato plant architecture as affected by 

salinity: Descriptive analysis and integration in a 3-D simulation 

model. NRC Research Press, 87: 893–904  



120 

 

108. Naranjo, R.D.D.P.; Otaiza, S.; Saragusti, A.C.; Baroni, V.; Carranza, 

A.D.V.; Peralta, I.E.; Valle, E.M.; Carrari, F.; Asis, R. (2016). 

Hydrophilic antioxidants from Andean tomato landraces assessed by 

their bioactivities in vitro and in vivo. Food Chem. 2016, 206,        

146–155. 

109. Nelson L. M. (2004). Plant growth promoting rhizobacteria 

(PGPR): Prospects for new inoculants. Online. Crop Management 

doi:10.1094/CM-2004-0301-05-RV; 

http://www.plantmanagementnetwork.org 

110. Neumann, P., (1997). Salinity resistance and plant growth 

revisited. Plant Cell Environ. 20, 1193–1198.  

111. Naseby, DC, Way, JA, Bainton, NJ and Lynch, JM. 2001. Biocontrol 

of Pythium in the pea rhizosphere by antifungal metabolite 

producing and non-producing Pseudomonas strains. J Appl 

Microbiol, 90: 421–429.Eklund, E. Secondary effects of some 

pseudomonads in the rhizoplane of peat grown cucumber 

plants. Acta Agric. Scand. Suppl., 17, 1-57, 1970.  

112. Oren, A. (2002). Diversity of halophilic microorganisms: 

Environments, phylogeny, physiology, and applications. J. Ind. 

Microbiol. Biotechnol. 28: 56–63. 

113. O'sullivant, J. D. & O'gara, F. (1992). Traits of Fluorescent 

Pseudomonas spp. Involved in Suppression of Plant Root Pathogens. 

MICROBIOLOGICAL REVIEWS, Dec. 1992, P. 662-676 



121 

 

114. Oztekin GB and Tuzel Y (2011). Comparative salinity responses among 

tomato genotypes and rootstocks. Pak. J. Bot. 43(6): 2665-2672. 

115. Palleroni N. 1984. Genus I Pseudomonas Migula 1894. In: Bergey's 

Manual of Systematic Bacteriology. Vol I. (N. R. Krieg, J. G. Holt, 

eds.) The Williams&Wilkins Co., pp 141-199.  

116. Palleroni, N. J., R. Kunisawa, R. Contopoulou, and M. Doudoroff. 

(1973). Nucleic-acid homologies in genus Pseudomonas. Int. J. 

Syst. Bacteriol. 23:333-339. 

117. Paranychianakis, N.V.; Chartzoulakis, K.S (2005). Irrigation of 

Mediterranean crops with saline water: From physiology to 

management practices. Agric. Ecosyst. Environ. 106, 171–187. 

118. Parida, A.K. and A.B. Das. (2005). Salt tolerance and salinity 

effects on plants: A review. Ecotoxicol. Environ. Saf. 60(3):        

324–349. 

119. Qadir M, Quillerou E, Nangia V, Murtaza G, Singh M, Thomas RJ, 

Drechsel P, Noble AD (2014). Economics of salt-induced land 

degradation and restoration. Nat Res Forum 38(4):282–295. 

120. Qaryouti MM, Qawasmi W, Hamdan H and Edwan M (2007). 

Influence of NaCl Salinity Stress on Yield, Plant Water Uptake 

and Drainage Water of Tomato Grown in Soilless Culture. Acta 

Horticulturae 747: 539-544. 



122 

 

121. Rajendran K, Tester M, Roy SJ. (2009). Quantifying the three main 

components of salinity tolerance in cereals. Plant, Cell and 

Environment 32, 237–249 

122. Reina SA, Romero-Aranda R and Cuartero J (2005). Plant water 

uptake and water use efficiency of greenhouse tomato cultivars 

irrigated with saline water. Agri. Water Management 78: 54-66. 

123. Renna, M.; Durante, M.; Gonnella, M.; Buttaro, D.; D‟Imperio, M.; 

Mita, G.; Serio, F. (2018). Quality and Nutritional Evaluation of 

Regina Tomato, a Traditional Long-Storage Landrace of Puglia 

(Southern Italy). Agriculture 2018, 8, 83 

124. Resh, H.M. (2013). Hydroponic Food Production: A Definitive 

Guidebook for the Advanced Home Gardener and the 

Commercial Hydroponic Grower. CRC Press, Boca Raton, FL. 

125. Rodríguez-Ortega, W. M.; Martínez, V.; Neves, M.; Simón, I.; Lidón, 

V.; Fernandez-Zapata, J. C.; Martinez-Nicolas, J. J.; Cámara-Zapata 

J.M. & García-Sánchez, F. (2019). Agricultural and Physiological 

Responses of Tomato Plants Grown in Different Soilless Culture 

Systems with Saline Water under Greenhouse Conditions. 

Scientific Reports/ (2019) 9:6733 

126. Romero-Aranda R, Soria T and Cuartero J (2001). Tomato plant 

water uptake and plant water relationships under saline growth 

conditions. Plant Sci. 160 (2): 265-272. 



123 

 

127. Romero-Aranda, M.R.; Jurado, O. and Cuartero, J. (2006). Silicon 

alleviates the deleterious salt effect on tomato plant growth by 

improving plant water status. J. Plant Physiol. 163: 847–855. 

PMID:16904793. 

128. Romero-Aranda, R.; Soria, T. and Cuartero, J. (2001). Tomato plant 

– water uptake and plant–water relationships under saline growth 

conditions. Plant Sci. 160: 265–272. PMID:11164598. 

129. Rubio JS, Garcia-Sanchez F, Rubio F and Martinez V (2009). Yield, 

blossom-end rot incidence, and fruit quality in pepper plants 

under moderate salinity are affected by K+ and Ca2+fertilization. 

Sci. Horticulturae 119: 79-87. 

130. Rui, L., Wei, S., Mu-xiang, C., Cheng-jun, J., Min, W., Bo-ping, Y., 

(2009). Leaf anatomical changes of Burguiera gymnorrhiza 

seedlings under salt stress. J. Trop. Subtrop. Bot. 17 (2), 169–175. 

131. Ruiz-Lozano, J.M.; Collados, C.; Barea, J. & Azcon, M.R. (2001). 

Arbuscular mycorrhizal symbiosis can alleviate drought induced 

nodule senescence in soybean plants. Plant Physiol. 82, 346–350. 

132. Saberi AR, Siti Aishah H, Halim RA and Zaharah AR (2011). 

Morphological responses of forage sorghums to salinity and 

irrigation frequency. Afr. J. Biotechnol. 47: 9647-9656. 

 



124 

 

133. Sanchez-Blanco, M.J.; Bolaryn, M.C.; Alarcon, J.J. and Torrecillas, 

A. (1991). Salinity effects on water relations in Lycopersicon 

esculentum and its wild salt-tolerant relative species L. pennelli. 

Physiol. Plant. 83: 269–274. doi:10.1111/j.1399-3054.1991. 

tb02152.x. 

134. Satti S and Lopez M (1994). Effect of increasing potassium levels 

for alleviating sodium chloride stress on the growth and yield of 

tomato. Commun Soil Sci Plant Anal. 25: 2807-2823. 

135. Scher, F. M., and R. Baker. (1982). Effect of Pseudomonas putida 

and a synthetic iron chelator on induction of soil suppressiveness 

to Fusarium wilt pathogens. Phytopathology 72:1567-1573. 

136. Schroth, M. N., and J. G. Hancock. (1981). Disease suppressive soil 

and root colonizing bacteria. Science 216:1376-1381. 

137. Schwarz D and Grosch R (2003). Influence of nutrient solution 

concentration and a root pathogen (Pythium aphanidermatum) on 

tomato root growth and morphology. Sci. Hortic. 97: 109-120. 

138. Shahid, Shabbir A; Zaman, Mohammad and Heng, Lee (2018). Soil 

Salinity: Historical Perspectives and a World Overview of the 

Problem. International Atomic Energy Agency 

139. Sharma A, Rana C, Singh S, and Katoch V (2016). Soil Salinity 

Causes, Effects, and Management in Cucurbits. ResearchGate.  



125 

 

140. Sharma, N., Acharya, S., Kumar, K., Singh, N., Chaurasia, O. P. 

(2018). Hydroponics as an advanced technique for vegetable 

production: An overview. Journal of Soil and Water Conservation 

17(4): 364-371 

141. Sheng, M.; Tang, M.; Chan, H.; Yang, B.; Zhang, F. & Huang, Y., 

(2008). Influence of arbuscular mycorrhizae on photosynthesis and 

water status of maize plants under salt stress. Mycorrhiza 18,        

287–296. 

142. Snapp S, Shennan C and Van Bruggen AHC (1991). Salinity effects 

on severity of Phytophthora parasitica Dast. infection, inorganic 

ion relations and growth of Lycopersicon esculentum Mill.UC82B. 

New Phytol. 119: 275-284. 

143. Sneh, B., M. Dupler, Y. Elad, and R. Baker. (1984). Chlamydospore 

germination of Fusarium oxysporum f. sp. cucumennum as 

affected by fluorescent and lytic bacteria from Fusanum 

suppressive soils. Phytopathology 74:1115-1124. 

144. Stoyanova, M. & Bogatzevska, N. (2015). PSEUDOMONAS 

FLUORESCENS – A PRIMARY AND SECONDARY 

PATHOGEN OF BULBOUS PLANTS. Science & Technologies 

145. Sultana, N., T. Ikeda and M.A. Kashem (2001). Effect of foliar spray 

of nutrient solutions on photosynthesis, dry matter accumulation 

and yield in seawater-stressed rice. Environ. Exp. Bot., 46, 129-140  



126 

 

146. Suslow, T. V. (1982). Role of root colonizing bacteria in plant 

growth, p. 187-223. In M. S. Mount and G. H. Lacy (ed.), 

Phytopathogenic prokaryotes, vol. 1., Academic Press, London.  

147. Suslow, T. V., and M. N. Schroth. (1982). Rhizobacteria on sugar 

beets: effects of seed application and root colonization on yield. 

Phytopathology 72:199-206.  

148. Szabolcs I (1974). Salt-affected soil in Europe. Martinus Nijhoff, 

The Hague, 63 pp 

149. Szaboles, I. (1992). Salinization of soils and water and its relation 

to desertification. Desertification Control Bulletin, 21, 32-37  

150. Santoro MV, Bogino PC, Nocelli N, Cappellari Ldel R, Giordano WF, 

Banchio E.(2016) Analysis of Plant Growth-Promoting Effects of 

Fluorescent Pseudomonas Strains Isolated from Mentha piperita 

Rhizosphere and Effects of Their Volatile Organic Compounds on 

Essential Oil Composition. Front Microbiol. 2016;7:1085. Published 

2016 Jul 19. doi:10.3389/fmicb.2016.01085. 

151. S. Sharafzadeh .(2012), Effects of PGPR on growth and nutrients 

uptake of tomato, Int. J. Adv. Eng. Technol., 2 (1) , pp. 27-31 

152. S. Silverstone, M. Nelson, A. Alling, J. Allen (2003) Development 

and research program for a soil-based bioregenerative agriculture 

system to feed a four person crew at a Mars base Adv. Space 

Res., 31 (1), pp. 69-75 



127 

 

153. Singh, N, Pandey, P, Dubey, RC and Maheshwari, DK.( 2008). Biolog

ical control of root rot fungus Macrophomina phaseolina and 

growth enhancement of Pinus roxburghii (sarg.) by rhizosphere 

competent Bacillus subtilis BN1. World J Microbiol Biotechnol., 

24: 1669–1679. 

154. Shabala S & Cuin TA (2007) Potassium transport and plant salt    

tolerance. Physiol Plantarum 133: 651–669.   

155. Taffouo, V.D., Kouamou, J.K., Ngalangue, L.M.T., Ndjeudji, B.A.N., 

Akoa, A., (2009). Effects of salinity stress on growth, ions 

partitioning and yield of some cowpea (Vigna ungiuculata L., walp) 

cultivars. Int. J. Bot. 5 (2), 135–143. 

156. Tavakkoli E. (2011). Limitations to yield in saline–sodic soils: 

quantification of the osmotic and ionic regulations that affect the 

growth of crops under salinity stress. PhD thesis, University of 

Adelaide. 

157. Tavakkoli, E., Fatehi, F., Rengasamy, P., McDonald, G. K. (2012). A 

comparison of hydroponic and soil-based screening methods to 

identify salt tolerance in the field in barley. Journal of 

Experimental Botany, Vol. 63, No. 10 

158.  United Nation Environment Programme, (2002). Desk Study On 

The Environment In The Occupied Palestinian Territories. UNEP, 

Seventh Special Session.  



128 

 

159. Van Ieperen, W. (1996). Effects of different day and night salinity 

levels on vegetative growth, yield and quality of tomato. J. Hortic. 

Sci. 71: 99–111. 

160. Wang, W.; Vinocur, B. & Altman, A. (2003). Plant response to 

drought, salinity and extreme temperature: towards genetic 

engineering for salt stress tolerance. Planta 218, 1–140. 

161. Wanjogu, S.N., E.M. Muya, P.T. Gicheru and B.K. Waruru (2001). 

Soil degradation: Management and rehabilitation in Kenya. 

Proceedings of the FAO/ISCW expert consultation on Management of 

Degraded Soil in Southern and Eastern Africa (MADS-SEA) 2nd 

Networking meeting, Pretoria, South Africa, PR102-113  

162. Xu, G. W., and D. C. Gross. (1986). Selection of fluorescent 

pseudomonads antagonistic to Erwinia carotovora and 

suppressive of potato seed piece decay. Phytopathology 76:        

414- 422. 

163. Yao, A.R., (1998). Molecular biology of salt tolerance in the context 

of whole plant physiology. J. Exp. Bot. 49, 915–929. 

164. Yilmaz, H., Kina, A., (2008). The influence of NaCl salinity on some 

vegetative and chemical changes of strawberries (Fragaria x 

ananassa L.). Afr. J. Biotechnol. 7 (18), 3299–3305. 

 



129 

 

165. Yilmaz, K.; Akinci, I.E. and Akinci, S. (2004). Response of tomato 

(Lycopersicon esculentum Mill.) to salinity in the early growth 

stages for agricultural cultivation in saline environments.                 

J. Environ. Biol. 25: 351–357. PMID:15847348. 

166. Yuen, G. Y., and M. N. Schroth. (1986). Interactions of 

Pseudomonas fluorescens strain E6 with ornamental plants and its 

effect on the composition of root-colonizing micro flora. 

Phytopathology 76:176-180. 

167. Yurtseven, E., Kesmez, G.D. & Ünlükara.F A. (2005). The effects of 

water salinity and potassium levels on yield, fruit quality and 

water consumption of a native central Anatolian tomato species 

(Lycopersicon esculentum). Agric. Water Manage. 78, 128–135. 

168. Zhao, G.Q., Ma, B.L., Ren, C.z., (2007). Growth, gas exchange, 

chlorophyll fluorescence and ion content of naked oat in response 

to salinity. Crop Sci. 47 (1), 123–131. 

169. Zhu JK (2002). Salt and drought stress signal transduction in plants. 

Ann. J. Plant Biol. 14: 267-273. 

170. Zhu, J.K. (2007). Plant Salt Stress. John Wiley & Sons, Ltd., 

Hoboken, NJ. 

171. Zushi, K., Matsuzoe, N., (2009). Seasonal and cultivar differences 

in salt-induced changes in antioxidant system in tomato. Sci. Hort. 

120, 181–187. 

 



130 

 

Appendix 

Table 34. Mean separation for the flowering intensity based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 13.4000 1.2599 B 

2 2 32.4667 1.2599 A 

1= without bacteria, 2= with bacteria. Value with different latter are  

significant. 

Table 35. Mean separation for the flowering intensity based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 20.0500 1.5430 A 

4 1 25.0500 1.5430 A 

5 2 23.7000 1.5430 A 

Salinity= (0, 1=100,2=150) mM. Value with similar latter are not 

significant. 

Table 36. Mean separation for the flowering intensity based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 14.9000 2.1822 C 

7 1 1 14.1000 2.1822 C 

8 1 2 11.2000 2.1822 C 

9 2 0 25.2000 2.1822 B 

10 2 1 36.0000 2.1822 A 

11 2 2 36.2000 2.1822 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Value with different latter are  significant. 
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Table 37. Mean separation for the number of fruit plant based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 3.4333 0.3034 B 

2 2 7.4333 0.3034 A 

1= without bacteria, 2= with bacteria. Value with different latter are 

significant. 

Table 38. Mean separation for the number of fruit plant based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 4.9000 0.3716 A 

4 1 5.6500 0.3716 A 

5 2 5.7500 0.3716 A 

Salinity= (0, 1=100,2=150) mM .Value with similar latter are not 

significant. 

Table 39. Mean separation for the number of fruit plant based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 3.7000 0.5255 C 

7 1 1 3.6000 0.5255 C 

8 1 2 3.0000 0.5255 C 

9 2 0 6.1000 0.5255 B 

10 2 1 7.7000 0.5255 AB 

11 2 2 8.5000 0.5255 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Value with different latter are significant. 
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Table 40. Mean separation for the fruit weight based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 27.5333 0.9505 B 

2 2 97.4000 0.9505 A 

1= without bacteria, 2= with bacteria .Value with different latter are  

significant. 

Table 41. Mean separation for the  fruit weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 73.0000 1.1641 A 

4 1 55.8000 1.1641 B 

5 2 58.6000 1.1641 B 

Salinity= (0, 1=100,2=150) mM .Value with different latter are significant. 

Table 42. Mean separation for the fruit weight based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 45.6000 1.6463 C 

7 1 1 24.4000 1.6463 D 

8 1 2 12.6000 1.6463 E 

9 2 0 100.40 1.6463 A 

10 2 1 87.2000 1.6463 B 

11 2 2 104.60 1.6463 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

.Value with different latter are  significant. 
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Table 43. Mean separation for the root length based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 33.7167 1.4515 B 

2 2 48.3333 1.4515 A 

1= without bacteria, 2= with bacteria 

Table 44. Mean separation for the root length  based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 39.7500 1.7777 A 

4 1 42.2750 1.7777 A 

5 2 41.0500 1.7777 A 

Salinity= (0, 1=100,2=150) mM 

Table 45. Mean separation for the root length based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 32.9000 2.5141 C 

7 1 1 36.9500 2.5141 BC 

8 1 2 31.3000 2.5141 C 

9 2 0 46.6000 2.5141 AB 

10 2 1 47.6000 2.5141 A 

11 2 2 50.8000 2.5141 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM  
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Table 46. Mean separation for the fresh root weight based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 11.7567 0.9195 A 

2 2 13.4433 0.9195 A 

1= without bacteria, 2= with bacteria 

Table 47. Mean separation for the fresh root weight  based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 10.3150 1.1261 A 

4 1 14.1700 1.1261 A 

5 2 13.3150 1.1261 A 

Salinity= (0, 1=100,2=150) mM 

Table 48. Mean separation for the fresh root weight based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 9.9100 1.5926 A 

7 1 1 15.0400 1.5926 A 

8 1 2 10.3200 1.5926 A 

9 2 0 10.7200 1.5926 A 

10 2 1 13.3000 1.5926 A 

11 2 2 16.3100 1.5926 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 
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Table 49. Mean separation for the root dry weight based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 9.9567 0.8029 B 

2 2 12.3400 0.8029 A 

1= without bacteria, 2= with bacteria 

Table 50. Mean separation for the root dry weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 9.6350 0.9833 A 

4 1 12.0850 0.9833 A 

5 2 11.7250 0.9833 A 

Salinity= (0, 1=100,2=150) mM 

Table 51. Mean separation for the root dry weight based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 9.2500 1.3907 A 

7 1 1 11.8200 1.3907 A 

8 1 2 8.8000 1.3907 A 

9 2 0 10.0200 1.3907 A 

10 2 1 12.3500 1.3907 A 

11 2 2 14.6500 1.3907 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 
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Table 52. Mean separation for the main root number based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 3.9333 0.4850 B 

2 2 6.4333 0.4850 A 

1= without bacteria, 2= with bacteria 

Table 53. Mean separation for the main root number based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 5.5000 0.5940 A 

4 1 4.9500 0.5940 A 

5 2 5.1000 0.5940 A 

Salinity= (0, 1=100,2=150) mM 

Table 54. Mean separation for the main root number based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 4.6000 0.8400 A 

7 1 1 3.4000 0.8400 A 

8 1 2 3.8000 0.8400 A 

9 2 0 6.4000 0.8400 A 

10 2 1 6.5000 0.8400 A 

11 2 2 6.4000 0.8400 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 
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Table 55. Mean separation for the main root length based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 5.6333 0.3796 B 

2 2 7.0667 0.3796 A 

1= without bacteria, 2= with bacteria 

Table 56. Mean separation for the main root length based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 5.4500 0.4649 B 

4 1 6.5500 0.4649 AB 

5 2 7.0500 0.4649 A 

Salinity= (0, 1=100,2=150) mM 

Table 57. Mean separation for the main root length based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 5.3000 0.6574 B 

7 1 1 4.6000 0.6574 B 

8 1 2 7.0000 0.6574 AB 

9 2 0 5.6000 0.6574 B 

10 2 1 8.5000 0.6574 A 

11 2 2 7.1000 0.6574 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 



138 

 

Table 58. Mean separation for the nude number based on the effect of 

P. fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 31.4667 2.1759 B 

2 2 43.4667 2.1759 A 

1= without bacteria, 2= with bacteria 

Table 59. Mean separation for the nude number  based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 34.1000 2.6649 A 

4 1 40.5500 2.6649 A 

5 2 37.7500 2.6649 A 

Salinity= (0, 1=100,2=150) mM 

Table 60. Mean separation for the nude number based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 28.9000 3.7687 B 

7 1 1 30.0000 3.7687 B 

8 1 2 35.5000 3.7687 AB 

9 2 0 39.3000 3.7687 AB 

10 2 1 51.1000 3.7687 A 

11 2 2 40.0000 3.7687 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 61. Mean separation for the plant length based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 111.50 3.7423 B 

2 2 137.63 3.7423 A 

1= without bacteria, 2= with bacteria 
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Table 62. Mean separation for the plant length based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 126.15 4.5833 A 

4 1 131.10 4.5833 A 

5 2 116.45 4.5833 A 

Salinity= (0, 1=100,2=150) mM 

Table 63. Mean separation for the plant length based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 115.80 6.4818 AB 

7 1 1 126.00 6.4818 A 

8 1 2 92.7000 6.4818 B 

9 2 0 136.50 6.4818 A 

10 2 1 136.20 6.4818 A 

11 2 2 140.20 6.4818 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 64. Mean separation for the branch number based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 4.9000 0.2231 B 

2 2 6.2667 0.2231 A 

1= without bacteria, 2= with bacteria 
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Table 65. Mean separation for the branch number based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 5.3000 0.2733 A 

4 1 6.0500 0.2733 A 

5 2 5.4000 0.2733 A 

Salinity= (0, 1=100,2=150) mM 

Table 66. Mean separation for the branch number  based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 5.5000 0.3865 B 

7 1 1 4.6000 0.3865 B 

8 1 2 4.6000 0.3865 B 

9 2 0 5.1000 0.3865 B 

10 2 1 7.5000 0.3865 A 

11 2 2 6.2000 0.3865 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 67. Mean separation for the plant weight based on the effect of 

P. fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 104.10 21.7650 B 

2 2 223.67 21.7650 A 

1= without bacteria, 2= with bacteria 
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Table 68. Mean separation for the  plant weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 158.30 26.6566 A 

4 1 177.80 26.6566 A 

5 2 155.55 26.6566 A 

Salinity= (0, 1=100,2=150) mM 

Table 69. Mean separation for the plant weight based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 124.40 37.6981 AB 

7 1 1 109.20 37.6981 AB 

8 1 2 78.7000 37.6981 B 

9 2 0 192.20 37.6981 AB 

10 2 1 246.40 37.6981 A 

11 2 2 232.40 37.6981 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 70. Mean separation for the stem diameter based on the effect of 

P. fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 0.2033 0.01721 A 

2 2 0.2167 0.01721 A 

1= without bacteria, 2= with bacteria 
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Table 71. Mean separation for the stem diameter based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 0.1750 0.02108 B 

4 1 0.2900 0.02108 A 

5 2 0.1650 0.02108 B 

Salinity= (0, 1=100,2=150) mM 

Table 72. Mean separation for the stem diameter based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 0.1600
b 

0.02981 B 

7 1 1 0.2800
 

0.02981 AB 

8 1 2 0.1700 0.02981 B 

9 2 0 0.1900 0.02981 AB 

10 2 1 0.3000 0.02981 A 

11 2 2 0.1600 0.02981 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 73. Mean separation for the fresh stem weight based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

 

 

1= without bacteria, 2= with bacteria 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 19.9067 2.4507 A 

2 2 23.8333 2.4507 A 
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Table 74. Mean separation for the fresh stem weight based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 19.0650 3.0014 A 

4 1 25.4200 3.0014 A 

5 2 21.1250 3.0014 A 

Salinity= (0, 1=100,2=150) mM 

Table 75. Mean separation for the fresh stem weight based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 15.5800 4.2447 A 

7 1 1 26.2300 4.2447 A 

8 1 2 17.9100 4.2447 A 

9 2 0 22.5500 4.2447 A 

10 2 1 24.6100 4.2447 A 

11 2 2 24.3400 4.2447 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Value with similar latter are not significant. 

Table 76. Mean separation for the stem dry weight based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 17.5033 1.8900 A 

2 2 19.8633 1.8900 A 

1= without bacteria, 2= with bacteria 
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Table 77. Mean separation for the stem dry weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 14.9400 2.3148 A 

4 1 22.3050 2.3148 A 

5 2 18.8050 2.3148 A 

Salinity= (0, 1=100,2=150) mM 

Table 78. Mean separation for the stem dry weight based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 13.2400 3.2736 A 

7 1 1 23.0400 3.2736 A 

8 1 2 16.2300 3.2736 A 

9 2 0 16.6400 3.2736 A 

10 2 1 21.5700 3.2736 A 

11 2 2 21.3800 3.2736 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 79. Mean separation for the leaf number based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 171.70 12.2658 B 

2 2 245.30 12.2658 A 

1= without bacteria, 2= with bacteria 
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Table 80. Mean separation for the leaf number based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 187.85 15.0225 A 

4 1 228.90 15.0225 A 

5 2 208.75 15.0225 A 

Salinity= (0, 1=100,2=150) mM 

Table 81. Mean separation for the leaf number based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 187.60 21.2450 BC 

7 1 1 150.00 21.2450 C 

8 1 2 177.50 21.2450 BC 

9 2 0 188.10 21.2450 BC 

10 2 1 307.80 21.2450 A 

11 2 2 240.00 21.2450 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 82. Mean separation for the fresh leaf weight based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 28.1000 4.1396 A 

2 2 37.8000 4.1396 A 

1= without bacteria, 2= with bacteria 
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Table 83. Mean separation for the fresh leaf weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 33.2500 5.0700 A 

4 1 31.3000 5.0700 A 

5 2 34.3000 5.0700 A 

Salinity= (0, 1=100,2=150) mM 

Table 84. Mean separation for the fresh leaf weight  based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 33.1000 7.1700 A 

7 1 1 28.6000 7.1700 A 

8 1 2 22.6000 7.1700 A 

9 2 0 33.4000 7.1700 A 

10 2 1 34.0000 7.1700 A 

11 2 2 46.0000 7.1700 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 85. Mean separation for the leaf dry weight based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 20.5333 2.7643 A 

2 2 23.7000 2.7643 A 

1= without bacteria, 2= with bacteria 
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Table 86. Mean separation for the leaf dry weight based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 18.4500 3.3855 A 

4 1 24.0000 3.3855 A 

5 2 23.9000 3.3855 A 

Salinity= (0, 1=100,2=150) mM 

Table 87. Mean separation for the leaf dry weight based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 17.4000 4.7878 A 

7 1 1 25.8000 4.7878 A 

8 1 2 18.4000 4.7878 A 

9 2 0 19.5000 4.7878 A 

10 2 1 22.2000 4.7878 A 

11 2 2 29.4000 4.7878 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 88. Mean separation for the leaf width based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 7.3500 0.3734 B 

2 2 11.4767 0.3734 A 

1= without bacteria, 2= with bacteria 
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Table 89. Mean separation for the leaf width based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 10.1750 0.4573 A 

4 1 9.0275 0.4573 A 

5 2 9.0375 0.4573 A 

Salinity= (0, 1=100,2=150) mM 

Table 90. Mean separation for the leaf width based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 9.7250 0.6467 A 

7 1 1 6.5000 0.6467 B 

8 1 2 5.8250 0.6467 B 

9 2 0 10.6250 0.6467 A 

10 2 1 11.5550 0.6467 A 

11 2 2 12.2500 0.6467 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 91. Mean separation for the leaf length based on the effect of P. 

fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 8.2250 0.3428 B 

2 2 11.1367 0.3428 A 

1= without bacteria, 2= with bacteria 
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Table 92. Mean separation for the leaf length  based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 10.0500 0.4199 A 

4 1 9.8800 0.4199 A 

5 2 9.1125 0.4199 A 

Salinity= (0, 1=100,2=150) mM 

Table 93. Mean separation for the leaf length  based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 10.7250 0.5938 AB 

7 1 1 8.2000 0.5938 CD 

8 1 2 5.7500 0.5938 D 

9 2 0 9.3750 0.5938 BC 

10 2 1 11.5600 0.5938 AB 

11 2 2 12.4750 0.5938 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 94. Mean separation for the total biomass based on the effect of 

P. fluorescence inoculation. Effect= Bacteria Method = Turkey (P<.05) 

Obs bacteria Estimate 

Standard 

Error 

Letter 

Group 

1 1 87.3067 6.9393 B 

2 2 172.48 6.9393 A 

1= without bacteria, 2= with bacteria 
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Table 95. Mean separation for the total biomass based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

Obs salinity Estimate 

Standard 

Error 

Letter 

Group 

3 0 135.65 8.4989 A 

4 1 126.69 8.4989 A 

5 2 127.34 8.4989 A 

Salinity= (0, 1=100,2=150) mM 

Table 96. Mean separation for the total biomass  based on the effect of 

Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

Obs bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

6 1 0 104.22 12.0193 B 

7 1 1 94.2700 12.0193 B 

8 1 2 63.4300 12.0193 B 

9 2 0 167.07 12.0193 A 

10 2 1 159.11 12.0193 A 

11 2 2 191.25 12.0193 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 97. Mean separation for the nitrogen on root based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.2189 0.003220 A 

1 0.2271 0.003220 A 

0= without bacteria, 1= with bacteria 
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Table 98. Mean separation for the nitrogen on root based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.2230 0.003943 AB 

1 0.2100 0.003943 B 

2 0.2360 0.003943 A 

Salinity= (0, 1=100,2=150) mM 

Table 99. Mean separation for the nitrogen on root based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.1927 0.005577 C 

0 1 0.1760 0.005577 C 

0 2 0.2880 0.005577 A 

1 0 0.2533 0.005577 B 

1 1 0.2440 0.005577 B 

1 2 0.1840 0.005577 C 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 100. Mean separation for the nitrogen on leaf based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.7969 0.002262 B 

1 0.8093 0.002262 A 

0= without bacteria, 1= with bacteria 
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Table 101. Mean separation for the nitrogen on leaf  based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.7022 0.002771 B 

1 0.8535 0.002771 A 

2 0.8537 0.002771 A 

Salinity= (0, 1=100,2=150) mM 

Table 102. Mean separation for the nitrogen on leaf based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.7590 0.003918 D 

0 1 0.7787 0.003918 C 

0 2 0.8530 0.003918 B 

1 0 0.6453 0.003918 E 

1 1 0.9283 0.003918 A 

1 2 0.8543 0.003918 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 103. Mean separation for the chlorine on root based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.3022 0.01748 B 

1 1.0400 0.01748 A 

0= without bacteria, 1= with bacteria 
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Table 104. Mean separation for the chlorine on root  based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.9717 0.02140 A 

1 0.5467 0.02140 B 

2 0.4950 0.02140 B 

Salinity= (0, 1=100,2=150) mM 

Table 105. Mean separation for the chlorine on root  based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.8233 0.03027 C 

0 1 0.04333 0.03027 D 

0 2 0.04000 0.03027 D 

1 0 1.1200 0.03027 A 

1 1 1.0500 0.03027 AB 

1 2 0.9500 0.03027 BC 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 106. Mean separation for the sodium on root based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.03667 0.003143 B 

1 0.06889 0.003143 A 

0= without bacteria, 1= with bacteria 
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Table 107. Mean separation for the sodium on root based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.05167 0.003849 A 

1 0.06000 0.003849 A 

2 0.04667 0.003849 A 

Salinity= (0, 1=100,2=150) mM 

Table 108. Mean separation for the sodium on root based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.04333 0.005443 BC 

0 1 0.04000 0.005443 BC 

0 2 0.02667 0.005443 C 

1 0 0.06000 0.005443 AB 

1 1 0.08000 0.005443 A 

1 2 0.06667 0.005443 AB 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 109. Mean separation for the potassium on root based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method= Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.3156 0.01885 B 

1 1.0467 0.01885 A 

0= without bacteria, 1= with bacteria 
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Table 110. Mean separation for the potassium on root based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.7400 0.02309 A 

1 0.5383 0.02309 B 

2 0.7650 0.02309 A 

Salinity= (0, 1=100,2=150) mM 

Table 111. Mean separation for the potassium on root  based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.3800 0.03265 C 

0 1 0.2633 0.03265 C 

0 2 0.3033 0.03265 C 

1 0 1.1000 0.03265 A 

1 1 0.8133 0.03265 B 

1 2 1.2267 0.03265 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 112. Mean separation for the calcium on root based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 2.2222 0.1272 B 

1 3.6000 0.1272 A 

0= without bacteria, 1= with bacteria 



156 

 

Table 113. Mean separation for the calcium on root based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 2.8333 0.1558 A 

1 2.9000 0.1558 A 

2 3.0000 0.1558 A 

Salinity= (0, 1=100,2=150) mM 

Table 114. Mean separation for the calcium on root based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 1.1667 0.2203 C 

0 1 2.5000 0.2203 B 

0 2 3.0000 0.2203 B 

1 0 4.5000 0.2203 A 

1 1 3.3000 0.2203 B 

1 2 3.0000 0.2203 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 115. Mean separation for the phosphorus on root based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 1882.29 7.0927 A 

1 1897.97 7.0927 A 

0= without bacteria, 1= with bacteria 
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Table 116. Mean separation for the phosphorus on root based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 1867.08 8.6868 B 

1 1959.67 8.6868 A 

2 1843.63 8.6868 B 

Salinity= (0, 1=100,2=150) mM 

Table 117. Mean separation for the phosphorus on root based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 1724.00 12.2850 B 

0 1 1967.17 12.2850 A 

0 2 1955.70 12.2850 A 

1 0 2010.17 12.2850 A 

1 1 1952.17 12.2850 A 

1 2 1731.57 12.2850 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 118. Mean separation for the sodium on leaf based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 0.1222 0.004818 B 

1 0.1389 0.004818 A 

0= without bacteria, 1= with bacteria 
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Table 119. Mean separation for the sodium on leaf based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0.1283 0.005900 A 

1 0.1367 0.005900 A 

2 0.1267 0.005900 A 

Salinity= (0, 1=100,2=150) mM 

Table 120. Mean separation for the sodium on leaf based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 0.1100 0.008344 A 

0 1 0.1333 0.008344 A 

0 2 0.1233 0.008344 A 

1 0 0.1467 0.008344 A 

1 1 0.1400 0.008344 A 

1 2 0.1300 0.008344 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 121. Mean separation for the potassium on leaf based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 1.6267 0.07406 B 

1 2.0167 0.07406 A 

0= without bacteria, 1= with bacteria 
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Table 122. Mean separation for the potassium on leaf based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 1.8100 0.09071 A 

1 1.7783 0.09071 A 

2 1.8767 0.09071 A 

Salinity= (0, 1=100,2=150) mM 

Table 123. Mean separation for the potassium on leaf based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 1.7500 0.1283 A 

0 1 1.5367 0.1283 A 

0 2 1.5933 0.1283 A 

1 0 1.8700 0.1283 A 

1 1 2.0200 0.1283 A 

1 2 2.1600 0.1283 A 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 124. Mean separation for the calcium on leaf based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 4.1333 0.08491 A 

1 3.6556 0.08491 B 

0= without bacteria, 1= with bacteria 
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Table 125. Mean separation for the calcium on leaf  based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 4.9167 0.1040 A 

1 3.6500 0.1040 B 

2 3.1167 0.1040 C 

Salinity= (0, 1=100,2=150) mM. 

Table 126. Mean separation for the calcium on leaf based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 4.8333 0.1471 A 

0 1 3.9333 0.1471 B 

0 2 3.6333 0.1471 B 

1 0 5.0000 0.1471 A 

1 1 3.3667 0.1471 B 

1 2 2.6000 0.1471 C 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM. 

Table 127. Mean separation for the phosphorus on leaf based on the 

effect of P. fluorescence inoculation. Effect= Bacteria Method = 

Turkey (P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 320.00 1.1005 A 

1 293.17 1.1005 B 

0= without bacteria, 1= with bacteria 
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Table 128. Mean separation for the phosphorus on leaf based on the 

effect salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 307.17 1.3479 B 

1 278.80 1.3479 C 

2 333.78 1.3479 A 

Salinity= (0, 1=100,2=150) mM 

Table 129. Mean separation for the phosphorus on leaf based on the 

effect of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 357.33 1.9062 A 

0 1 272.33 1.9062 D 

0 2 330.33 1.9062 B 

1 0 257.00 1.9062 E 

1 1 285.27 1.9062 C 

1 2 337.23 1.9062 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 

Table 130. Mean separation for the chlorine on leaf based on the effect 

of P. fluorescence inoculation. Effect= Bacteria Method = Turkey 

(P<.05) 

bacteria Estimate 

Standard 

Error 

Letter 

Group 

0 4.2289 0.05630 A 

1 3.8856 0.05630 B 

0= without bacteria, 1= with bacteria 
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Table 131. Mean separation for the chlorine on leaf based on the effect 

salinity. Effect= Salinity Method=Turkey (P<.05) 

salinity Estimate 

Standard 

Error 

Letter 

Group 

0 3.9917 0.06896 A 

1 3.9617 0.06896 A 

2 4.2183 0.06896 A 

Salinity= (0, 1=100,2=150) mM 

Table 132. Mean separation for the chlorine on leaf based on the effect 

of Bacteria interaction with salinity. Effect= Bacteria*Salinity 

Method=turkey (P<.05) 

bacteria salinity Estimate 

Standard 

Error 

Letter 

Group 

0 0 4.3067 0.09752 A 

0 1 3.6533 0.09752 B 

0 2 4.7267 0.09752 A 

1 0 3.6767 0.09752 B 

1 1 4.2700 0.09752 A 

1 2 3.7100 0.09752 B 

1= without bacteria, 2= with bacteria, Salinity= (0, 1=100,2=150) mM 
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 الزراعة المائية ستخدام نظامإب جهاد الممحي في نبات البندورةلإستجابة اإ
 (PGPR) البكتيريا المحفزة لمنمو المعاممة ب

 عدادإ
 تاج مطر صلاحات

 شرافإ
 د.هبة الفارس

 الممخص

عمى نبات بدرجات مختمفة  الشاتج مؼ السحمؽل السمحي  أجريت لتقييػ الأثر الدراسة الحالية
مؼ نبات  تجاري عمى صشف ستخدام نعام الزراعة السائية )الهيدروبؽنيغ( إبو أالبشدورة بؽجؽد 

 مختمفة مؼ عمى تراكيز بؽجؽد أو عدم وجؽد البكتيريا وجؽد البكتيرياعدم  البشدورة تحت درجات
  mM (.(0,100,150 السمؽحة

كل تركيز ممؽحة ، نابيب السدتخدمة في نعام الزراعةفي الأ ضافة تراكيز السمؽحةإتػ 
الأنابيب التي لا تحتؽي عمى بكتيريا  يحتؽي عمى مكرر بؽجؽد بكتيريا ومكرر بعدم وجؽد بكتيريا.

كثافة ، عدد الثسار، اق)طؽل الدعمى مقاييس الشسؽ  جهاد ممحي عمى الشباتات وخرؽصا  إأظهرت 
تراكػ الرؽديؽم والكمؽر في  الؽزن الجاف والرطب لمشبات(.، كتمة الجذور، عدد الأوراق، زهارالأ

جهاد السمحي يعسل عمى زيادة في الشباتات السعاممة في البكتيريا نتيجة الإ الجذور وخرؽصا  
وراق فلا يؽجد تأثير لمبكتيريا عمى ملاح في الجذور أما في الألمساء فيزيد تركيز الأ متراصالإ

 الأملاح.

البكتيريا السحفزة لمشسؽ تعسل عمى تحديؼ وتطؽر الشبات وتدتطيع أن تتأقمػ بؽجؽد السمؽحة  
الشباتات السعاممة بالبكتيريا تعسل عمى زيادة  نتاجية.وبالتالي تعسل عمى تحديؼ الشسؽ وزيادة الإ

، زيادة السجسؽع الجذري ، زهار السبكرالأ، ؽزن الكمي لمشباتال، عدد الأوراق والأزهار، طؽل الشبات
، الفدفؽر، )الشيتروجيؼ  فزلأساسية لمشبات بذكل متراص العشاصر الغذائية الأإزيادة 



 ج 

 

شباتات السعاممة بالبكتيريا أفزل ولها القدرة بذكل أقؽى في تحسل السمؽحة لم الكالديؽم(، البؽتاسيؽم
 .عاممةمقارنة مع الشباتات الغير م

 وزن وعدد الثسارضعف  زيادة ،الشباتات السعاممة بالبكتيريا أظهرت نتائجها زيادة في طؽل الشبات
مقارنة مع الشباتات  عدد التفرعاتالؽزن الرطب و ، طؽل الجذور، زهار السبكرالأ، وعدد الأزهار

 الغير معاممة بالبكتيريا.

مؼ خلال زيادة عسمية ى نذاط البكتيريا العديد مؼ الدراسات أظهرت تأثير زيادة السمؽحة عم
ة تعسل عمى السحافعة عمى متراص وتأثير السؽاد الدامة لكؼ بؽجؽد بكتيريا متحسمة لمسمؽحالإ

 الشبات تحت ظروف السمؽحة. إنتاجيةو حيؽية 

ضافة إالدراسة أظهرت أنه يسكؼ الديطرة عمى السمؽحة في نعام الهيدروبؽنيغ مؼ خلال 
 .مقارنة بالشباتات الغير معاممة ة لمشسؽالبكتيريا السحفز 
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