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Abstract 

Lettuce is a consumed crop in the world, and increased yield is a desirable trait, and can be 

realized with the use of biopromotors, already described in many cultures. The objective of 

this work was to test the ability of two rhizobacterial isolates P. fluorescens (BRM-3211) and 

B. pyrrocinia (BRM-3213) to promote anatomical and growth changes in lettuce plants in the 

seedling stage. The increments promoted by B. pyrrocinia were smaller when using P. 

fluorescens. The BRM-32111 isolate, promoted increases in leaf area of 133%, 31% and 

307% of fresh shoot and root mass, also increased 51% and 143% of aerial and root dry mass. 

The plants inoculated with BRM-32111 increased in 100% and 68% of the aerial part and 

radicular compared to the control treatment, and induced alterations in the anatomical 

characteristics in the root in 74% in the radicular diameter, 20% of the thickness of the cortex, 

67% of the exoderme and 171% of the endoderm. In the leaf anatomy, BRM 32111 increased 

by 18% in the parenchyma expansion, 56% in the number of parenchyma cell layers, 122% 

adaxial endoderm, 23% epidermis, 174% beam expansion, 37% when compared to control. In 

this way the use of BRM-32111 influences the growth and morphology of lettuce seedlings. 
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1. Introduction 

The need for increased food production based on sustainable agriculture has been addressed 

in several studies, so the application of biopromotors in agriculture has become an important 

resource, with the reduction or total absence of fertilizer applications, besides the increase 

and quality in production (Shrivastava; Kumar, 2015; Viana, 2015). The use of rhizobacteria 

in lettuce (Lactuca sativa L.) may favor the highest growth and consequently higher 

production, which is one of the most consumed vegetables, mainly because it is rich in fiber 

and vitamins that complement the basic diet (Sala; Costa, 2012; Gupta; Dolma; Khan, 2014). 
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Rhizobacteria are being widely used in different crops, such as rice, maize, and watermelon 

(Souza, et al., 2013; Agbodjato et al., 2016; Pais et al., 2016), as it has the ability to colonize 

the roots of plants modulating changes in root architecture and enlargement of anatomical 

cells, thereby promoting plant growth from greater root development, combined with 

increased synthesis of auxins and cytokines, which may result in greater efficiency in nutrient 

absorption, greater fixation of nitrogen, and consequently energy for metabolic processes 

fundamental for plant development (Hayat et al, 2010: Ashraf et al., 2013; Ahemad; Kibret, 

2014; Rego et al., 2014). 

In this study, the objective was to obtain rhizobacterial lettuce interaction responses, 

describing the anatomical, morphological and changes in chlorophyll content. 

2. Method 

The experiments were carried out in the Laboratory of Plant Protection (LPP) and nursery at 

the Federal Rural University of Amazonia in Belém, Pará in Brazil. 

2.1 Preparation and Inoculation of Isolates 

The bacterial suspension of Pseudomonas fluorescens (BRM-3211) and Burkholderia 

pyrrocinia (BRM-3213) was prepared according to Filippi et al., (2011), besides identified by 

the same authors. Lettuce seeds were submerged in the suspension for 24 hours under 

agitation at 114rpm. These isolates are from rice rhizosphere and are part of the 

microorganism collection of the Plant Protection Laboratory of the Federal Rural University 

of Amazônia-UFRA. 

2.2 In Vitro Selection 

In gearbox box (250 mL), 25 lettuce seeds were seeded under filter paper moistened with 

sterile water, three treatments (P. fluorences (BRM-3211), B. pyrrocinia (BRM-3213)), and 

control-water), with four replications. The boxes were kept in a germination chamber at 28 ° 

C, under white light with a 12-hour photoperiod and light intensity of 290 μmol·m
-
2 ·s 

-1
 and 

humidity of 80% RH (Catão et al., 2014). Germination was evaluated after 24, 48, 72 and 96 

hours (Pacheco Júnior et al., 2013), was evaluated according to Labouriau and Valadares 

(1976), the germination rate, besides the germination speed index (Maguire, 1962). At seven 

days of age the seedlings were evaluated, the length and fresh mass of shoot and root, 

respectively. After drying in a forced air circulation oven at 60ºC for 48 hours, the dry mass 

was evaluated (Moreira et al., 2008) 

2.3 Vegetation House 

Five seeds per polyethylene pot (300 mL) were seeded in Ferrasol soil with the following 

characterization: pH (water) 4.2; 18.80 g dm
-3

 M.O .; 2 mg dm
-3

 of P; 4 mg dm
-3

 K; 18 mg 

dm
-3

 Na; 0.05% N; 0.2 mmol of dm
-3

 Ca; 0.3 mmol dm
-3

 Ca + Mg; At the seventh day after 

sowing (AS), one plant was removed by potting, under average daytime air temperature of 

27
o
C, relative humidity of 74% and light intensity of 1300 μmol .m

-2
.s

-1
 (HOBO Data 

Logger). Two treatments (P. fluorescens -BRM-3211 and control-sterile water) were used, 

with seven replicates. 
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2.4 Growth Analysis 

The analyzes occurred at 28 days after sowing, including the period of germination, maternity 

and Pre-Growth. It was determined the area by non-destructive method, using the product of 

the main vein length and the maximum leaf width, multiplied by the correction factor 0.66 

proposed by Pereira et al., (2003), followed by collection and mass evaluation fresh and dry, 

with precision analytical balance weighing. Then, the plants were dried in a forced circulation 

air oven with temperature of 60ºC for 48 hours, followed by weighing dry mass root system 

of the aerial part (Moreira et al., 2008). 

2.5 Relative Chlorophyll Content 

The chlorophyll content was estimated using a portable meter (SPAD-502, Konica Minolta 

Sensing, INC. Japan), at 28 days AS, evaluating the second leaf of each plant. 

2.6 Anatomical Study of Root and Leaf 

The leafs and roots were fixed in FAA70 (formaldehyde, glacial acetic acid, and ethanol 70%) 

for 72 hours and placed into 70% ethanol (Johansen, 1940). Three leaves per replicate were 

used for the anatomical analysis, in which transverse sections were made in the region of the 

middle third through the inclusion of samples in synthetic resin. The blocks were transversely 

cut in a rotary microtome, were stained with toluidine blue. These were then fixed between 

blade and cover slipping. The analyzed variables for the sections were the parenchyma 

expansion, number of parenchymal cell layers, vascular bundle expansion, leaf blade 

diameter, The roots were cut by hand in the region near the stem, the cuts were clarified in a 

bleach solution, stained in Astrablau (Braga, 1977). Root diameter expansion, cortex 

expansion, exoderm expansion and leaf endoderm expansion, parenchymal expansion, 

number of parenchymal cell layers were analyzed. Variables were measured using the Anati 

Quant 2® UFV program (Aguiar et al., 2007). 

2.7 Experimental Design and Statistical Analysis 

The data obtained in the selection in vitro were submitted to an analysis of variance and 

compared by the Duncan test the data obtained in the greenhouse were compared by the t test, 

software assistant 7.7. 

3. Results 

3.1 Selection of Rhizobacteria 

Germination of lettuce seeds inoculated with rhizobacteria was observed 48 hours after 

sowing, and was verified by the increase of germination speed index, however in the control 

treatment it was observed only at 72 hours. However, there was no difference between 

treatments at four days after seed sowing (Figure 1A-B). 
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Figure 1. Germination rate (%) (a) and germination speed index (b) at four days after sowing 

of un inoculated (control) seedlings and inoculated with Burkholderia pyrrocinia 

(BRM-32113) and Pseudomonas fluorenscens (BRM-32111). Bars followed by the same 

lowercase letters did not differ between treatments (Duncan, p <0.05) 

The seedlings inoculated with P. fluorenscens showed an increase in the fresh mass of aerial 

part in 31%, and root in 307%, and aerial part dry matter in 51% and 143%, in addition to 

100% and 68% in length gain of aerial and radicular compared to the control treatment 

(Figure 2 AF). 
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Figure 2. Fresh aerial mass (a), fresh root mass (b), aerial dry mass (c), root dry mass (d), 

shoot length (e) and root (f) (control) and inoculated with B. pyrrocinia (BRM-32 113) and P. 

fluorescens (BRM-32 111). Bars followed by the same lowercase letter did not differ between 

treatments (Duncan, p <0.05) and standard error (p <0.05), n = 7 

3.2 Vegetation House 

Lettuce plants inoculated with BRM-32111 showed an increase in all growth variables. The 

fresh mass increment of aerial and radicular was 20% and 197%, aerial part dry mass and 

radicular, in 146% and 75%, respectively (Figure 3A-D). 
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Figure 3. Fresh aerial part (a), Fresh root mass (b), Dry mass aerial part (c), Root dry pass (d), 

lettuce seedlings from un inoculated seeds (control), seeds inoculated with Burkholderia 

pyrrocinia (BRM 32113) and P. fluorescens (BRM 32111). Bars followed by the same 

lowercase letters did not differ between treatments (Duncan, p <0.05), n = 7 

Plants treated with BRM 32111 increased leaf area by 133% compared to control at 28 days 

after sowing (Figure 4A). Lettuce plants inoculated with BRM 32 111 had an increase in 

chlorophyll content in the SPAD in relation to the control. Regarding the control plants 

(without fertilization), the plants inoculated with BRM 32 111 the increase was in 18% 

relative chlorophyll content (SPAD) (Figure 4B). 
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Figure 4. Leaf area and SPAD value. Leaf area cm2 of (a) and SPAD (b) value of plants not 

inoculated and inoculated with P. fluorescens (BRM32111). Bars followed by the same 

lowercase letters did not differ between treatments (Duncan, p <0.05), n = 7 

BRM 32111 induced alterations in the anatomical characteristics in root and leaf of lettuce. 

The inoculation increased by 74% in the root diameter, 20% of the cortex, 67% of the 

exoderm and 171% of the endoderm, compared to control plants. The foliar anatomy BRM 

32111 showed an increase of 18% in the parenchyma expansion, 56% in the number of 

parenchyma cell layers, 122% adaxial endoderma, 23% epidermis, 174% beam expansion, 

37% distance between the bundles, when compared to the control (Figures, 5, 6 and 7). 

 

 

 

 

 

 

 

(b) 
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Figure 5. Expansion of radicular diameter (a), Expansion of cortex (b), Expansion of 

exoderma (c) and Expansion of endoderm (d). Determined from roots were plants not 

inoculated and inoculated with P. fluorescens - BRM-32111. Bars followed by the same 

capital letter do not differ between plants with the same test t inoculation (p <0.05) 
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Figure 6. Parenchyma expansion (a), number of layers of parenchyma cells (b), Expansion of 

epidermis (c), Vascular bundle expansion (μm) (d), Leaf Limb Diameter (μm) (e) and beam 

distance (f), the cross section on lettuce leaves at 28 after sowing. Determined from plants un 

inoculated and inoculated with P. fluorescens - BRM-32 111. Bars followed by the same 

capital letter do not differ between plants with the same t test inoculation (p <0.05) 

         

Figure 7. Cross section of control plant leaf (a), and cross section of plant leaf BRM 32111. 

(*)Epidermis (Ep), Parenchyma (Pa) Xylem (Xi) and Phloem (Fl) 

(A) (B) 
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4. Discussion 

The rhizobacterium P. fluorescens (BRM 32111) induced increase in lettuce growth and 

anatomical differences. This isolate of rhizobacteria originates from the rice rhizosphere, and 

in this culture was recorded as a growth promoter (Filippi et al., 2011; Rêgo et al., 2014). 

There are other isolates of Pseudomonas previously recorded as growth promoters in lettuce 

(Ahmed et al., 2015, Kumar et al., 2016). The gain in fresh mass and leaf area in lettuce 

plants induced by P. fluorescens is the result of greater emphasis of the present study, since 

the final product commercialized is the leaves, besides guaranteeing seedlings with greater 

vigor, quality, quantity and with better performance for transplanting and final production. In 

the present BRM 32 111 study, stimulated germination speed and root growth, this PGPR x 

root interaction may result in modifications in root architecture such as increased lateral root 

formation, length and number of root hairs (Schlindwein et al. 2008; Kozusny-Andreani, 

Agiado, Andreani-Junior, 2014). In addition, from which pseudomonas may have provided 

the highest modulating signaling and gene expression of the genes related to indole-3-acetic 

acid (AIA) (Spaepen; Vanderleyden, 2011),which is the most abundant endogenous auxin that 

has roles in stem elongation and root growth (Zhao et al., 2012). Another hormone involved 

in the induction of growth is ethylene, which the higher the AIA / ethylene ratio, promotes 

greater root growth. On the other hand, PGPRs act directly or indirectly in the AIA / Ethylene 

ratio, either by producing the enzyme ACC deaseminase, or by influencing the metabolic 

pathway of this enzyme with another secondary molecule (Glick, 2012), thus hydrolyzing the 

ACC compound that is the main precursor of ethylene in the plant, in ammonia and 

α-ketobutyrate, with lower ethylene stimulation and higher AIA production (Glick, 2014). In 

the present study, the genus Pseudomonas differed from the genus Bulkolderia in relation to 

the growth gain, which can be attributed to the differential induction of the hormonal balance 

AIA / ethylene. 

The anatomical root constitution obtained in this work may be desirable, since cortex occupies most 

of the area in the primary growth in many roots, formed by parenchyma cells where the cells of the 

endoderm are allocated (Esau, 1975), these in turn are divided several times and differentiate to 

form the lateral root that emerge from the primary root in the zone of differentiation (Malamy; 

Benfey, 1997; Lundberg et al., 2012; Sessitsch et al., 2012). In this way, Pseudomonas fluorescens 

positively affected post-embryonic development may have altered cell division and root 

differentiation, which resulted in greater root development. 

The increase of the leaf area induced by P. fluorescens in lettuce, can be attributed to the 

greater root development promoted by the rhizobacterium, which provided the plant, 

increased nutrient absorption and translocation (Saia et al., 2015), increased nitrogen uptake, 

and increased the synthesis of proteins and enzymes (Mia; Shamsuddin and Mahmood, 

2010).  

The effect from the BRM 32 111 inoculation in lettuce seeds, obtaining a drastic increase of 

root biomass and leaf area was evidenced in rice, where plants treated with the isolates of 

Pseudomonas synxantha and Bacillus sp. In the present study, it was observed that the 

nutrient content of the plants increased by 70%, due to the greater nutrient uptake by the 
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plants (Souza-Júnior et al., 2011). Pereira and Castro (2014) in maize plants have verified that 

increased plant growth is related not only to P solubilization provided by rhizobacteria, but 

also to increased AIA and pseudomonas-induced ACC-deaminase activity. This relationship 

of the PGPRs with the plant is established expression of differentially expressed genes 

(Srivastava et al., 2012). Pseudomonas sp. indirectly or secondarily, expresses the genes that 

encode nitrogen (NifHDK) responsible for nitrogen fixation; quinone (pqqBCDEFG) 

contributes to the phosphate solubilization, and also Pseudomonas and the 

1-aminocyclopropane-1-carboxylate (ACC) deaminase (acdS) gene (Xuemei et al., 2013). 

The higher aerial development of lettuce plants inoculated with Pseudomonas sp. may have 

positive relation to nitrogen concentration in the leaves and the value of Spad, as a function 

of the role of nitrogen in the synthesis of chlorophyll (Debaeke et al., 2006; Teixeira Filho et 

al.,2010). Bacteria of the genus Pseudomonas sp. have a nitrogenase enzyme complex that 

act to reduce atmospheric nitrogen to ammonia, increasing their availability, so N is used in 

different syntheses besides chlorophylls, amino acids, DNA, RNA (Hayat et al., 2010; 

Bulgarelli et al., 2013). P. fluorescens F11320, expressed (ppdC) of the indole-3-pyruvate 

pathway for the synthesis of indole-acetic acid (IAA). 

The leaf is considered a vital organ, to obtain energy for the metabolic processes, in this work 

the greater gain in fresh mass and leaf area provided by pseudomonas, also contributed to an 

increase of anatomical cells. The increase in the leaf limbus provided by the inoculation with 

BRM 32111 can reflect in the greater use of the light rays, water and photosynthesis, once 

also that there was, the increase of the epidermal cells, that is a system of coating fabric, 

protection against desiccation , influences the gas exchange in addition to being able to 

promote the plant greater mechanical protection, mainly against pathogens, which together 

with the greater parenchyma cell expansion can reflect in a larger thickness of the leaf of 

lettuce, culminating in less loss of water, and temperature regulation (Yeats and Rose, 2013; 

Ramos et al., 2015; Verboven et al., 2015). The cytokinins and auxin may be important 

regulators of cell specification and root proliferation, but auxin may also be related to cell 

elongation and changes in the vascular bundle pattern (Stahl and Simon, 2010; Zhang and 

Rongming, 2014). At responses to nitrogen in lettuce showed that plantings enriched with the 

element, besides providing greater leaf development, can influence the total number of 

epidermal cells per leaf. In this work pseudomonas influenced positively these characteristics, 

mainly by its commercialization, thus, all the variables influenced by P. fluorescens in the 

present study, contributed to a higher biomass of lettuce seedlings, this effect is attributed to 

the several modes of action of rhizobacteria previously described, from greater root 

development, greater nutrient uptake and translocation to the development of aerial part of 

lettuce plants. The increase in biomass by Pseudomonas has already been described and 

attributed, yet the production of hormones (Liu et al., 2013). 

In this way, we showed that P. fluorescens is a growth promoter in lettuce because it induces 

gain in all the morpho physiological parameters. In the lettuce was verified mainly the gain in 

leaf area that is the product with greater commercial value, thus creating future perspectives 

for the use of this bacterium in the management of the lettuce production, aiming the 

sustainable agricultural production. 
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