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EDUCED soil productivity is one of the effects of climate change. This lowers agricultural output, 

and using inorganic fertilizers will further degrade the quality of the soil. Thus, using organic 

fertilizer is a good way to increase the number and quality of lettuce plants while using less chemical 

fertilizer. A randomized block arrangement pot experiment was conducted to examine the effects of plant 

growth promoting rhizobacteria (PGPR, Azospirillum lipoferum and Pseudomonas koreneesis) and 

vermicompost (VC, 10 tone ha-1) on the vegetative growth, physiological traits, soil microbiological 

activity, chemical composition, and yield of lettuce plants (Lactuca sativa L. c.v. Alcapucci) in the 2021 

and 2022 growing seasons. Following 35 days of transplanting, results revealed that T8 therapy (VC + A. 

lipoferum + P. koreneesis inoculation) recorded the greatest values of total chlorophyll, carotenoids, and 

total soluble sugar in seasons 2021 and 2022, compared to control treatment (T1). Furthermore, it was 

discovered that the rhizosphere of lettuce plants cultivated under soil additives with VC and PGPR 

inoculation in both growing seasons had a significantly (P < 0.05) different microbial community, which 

comprises the total number of bacteria, Azospirillum, Pseudomonas, and DHA enzyme. For various soil 

amendment applications with VC and PGPR inoculation, the highest percentage of N, P, and K obtained 

T8 > T6 > T7 > T5, and for various PGPR inoculation alone, T4 > T3 > T2 > T1. Additionally, in 

comparison to the control treatment during the 2021 season, the T8 treatment (combination) results in 

records for Fe, Cu, Mn, and Zn (mg Kg-1) in lettuce leaves under soil additives with VC of 92.34, 6.76, 

41.76, and 52.84, respectively. Similar trends to those observed in the 2022 season may be seen in the 

production metrics of 70-day-old lettuce plants, including fresh and dry weight, plant height, leaf area, and 

number of leaves under different treatments of soil amendments (VC) and inoculation with PGPR. Thus, 

using PGPR + VC in combination with other safe and healthful methods greatly enhanced the growth 

dynamics of lettuce plants in the study. 
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1. Introduction 

Horticultural crops make up a significant portion of 

human nourishment. The quality of vegetables that 

increase physical performance, decrease the risk of 

disease and extend life spans through effective and 

sustainable farming are in greater demand (Rashwan, 

and Elsaied, 2022; Çakmakçı, 2023). Dylag et al. 

(2023) state that lettuce (Lactuca sativa L.) is a low-

calorie and low-fat (saturated). It is also rich in 

potassium, folic acid, as well as vitamins A, C, and E, 

and fiber. Lettuce is the predominant vegetable 

cultivated for the fresh market in various areas (USDA 

Foreign Agricultural Service, 2007). Research has 

shown that the utilization of organic fertilizers in 

vegetable farming can help reduce nitrate-N levels 

compared to crops treated with traditional chemical 
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fertilizers (Zhang et al. 2024). However, depending on 

the source and rate of application of organic fertilizer, 

even organic fertilizers may result in elevated nitrate-

N levels in vegetables (Hina 2024).  

Plant growth-promoting rhizobacteria (PGPR) are 

commonly referred to as "biofertilizers" since they are 

living organisms that help the host plant's nutritional 

status through their ongoing positive connection 

(Omara et al. 2017; Afify et al. 2018; Ouf et al., 2023). 

Studies have demonstrated that rhizobacteria play a 

crucial role in enhancing plant growth by facilitating 

various mechanisms such as producing 

phytohormones to promote growth, fixing atmospheric 

N2 for plants, and generating siderophores to aid in 

iron uptake by plant roots. The application of plant 

growth promoting rhizobacteria (PGPR) in integrated 

nutrient management systems has proven to be 

effective in reducing nutrient runoff from fertilized 

soils and curbing nutrient accumulation (Khoso et al. 

2024). Nutrient runoff is often associated with 

problems related to human and environmental health 

(Juncal et al. 2023). It is simple to substitute 

vermicompost a naturally occurring product of 

specific earthworm species activity for chemical 

fertilizers. According to Wu et al. (2019) and Toor et 

al. (2024), this biological fertilizer is a substance that 

has high concentrations of vital nutrients, including 

nitrogen and P in both organic and inorganic forms, 

plant growth regulators, and advantageous microbes. 

Vermicomposting, according to Elbagory, (2018) and 

Oyewole et al. (2013), is a process that recycles 

organic waste materials under particular temperature 

and aeration conditions into a more digestible form 

with higher nutritional and mineral content and helpful 

bacteria. The soil's fertility can then be restored and 

crop development can be improved by using this 

organic matter as organic matter. Because 

vermicompost is rich in organic matter, 

micronutrients, and essential plant macronutrients, it 

can be used as a soil conditioner (Ingelmo et al. 2012). 

It has been discovered that using organic fertilizer 

made from vermicompost is a sustainable and eco-

friendly way to enhance soil quality and encourage 

plant development. Soil fertility and productivity are 

largely dependent on the microbiological 

characteristics of the soil (Atiyeh et al. 2001; Rehman 

et al. 2023). 

According to the literature currently available, 

vermicomposting in combination with the inoculation 

of effective microorganisms can increase the amount 

of nutrients such as phosphorus and total nitrogen, 

decrease the time it takes for the soil to decompose, 

increase the humic substances, and stabilize the 

organic fraction. Raising the carbon content also helps 

the soil's microbial structure (Pereira et al. 2022; 

Poornima et al. 2024). Additionally, it can boost soil 

biodiversity, contribute to the synthesis and release of 

phytohormones that affect plant metabolism, and 

inhibit pathogens in soil phytopathogens and organic 

residues (Khoso et al. 2024; Toor et al. 2024). In 

addition, the study examined the impacts of various 

combinations of chemical, and bioorganic treatments 

on the growth of the mustard plant (Brassica 

campestris), results showed that the vermicompost-

applied parcels produced the best results and that the 

combination of vermicompost and 25% reduced 

chemical fertilizer produced favorable results in many 

parameters in agroclimatic conditions when compared 

to the control group (Mondal et al. 2015). On the other 

hand, because of the different PGPR strains and 

vermicompost applications, it has been discovered that 

PGPR with VC are most applied way to increase the 

yield, and nutrient content of lettuce plants when 

compared to PGPR applications alone. Also, the 

combination treatment (bacteria + vermicompost) 

stood out and significantly improved the yield 

components by affecting the lettuce plant's head 

weight, number of leaves, stem length and diameter, 

and levels of elements (Çelik 2023).  

Our study focused on these specific elements and used 

a pot experiment to investigate the joint effects of 

PGPR inoculation (Azospirillum lipoferum and 

Pseudomonas koreneesis) and bio-organic fertilizer 

(VC, 10 ton ha
-1

) on the vegetative growth, 

physiological traits, soil microbiological activity, 

chemical composition, and yield of lettuce plants 

(Lactuca sativa L. c.v. Alcapucci) in the 2021 and 

2022 growing seasons. 
 

 

2. Materials and Methods 

2.1 Vermicompost used and their characterization 

Vermicompost (VC) was brought from the 

Agricultural Research Center, Giza, Egypt. VC had 

an OM content of 43%, EC, 3.5 dS m
−1

, total N, P 

and K, 2.4, 7.1 and 0.8% respectively, pH 7.1, and 

polyphenol 8.5%; WHC 140; and C 18.1 %. 
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2.2. PGPR and growth conditions 

The Bacteriology Lab., SWERI, ARC, Egypt 

provided two bacterial strains, Azospirillum lipoferum 

SP2 and Pseudomonas koreneesis MG209738. A. 

lipoferum was grown in semi - solid malate (SSM) 

medium as per Döbereiner and Day (1976), while P. 

koreneesis was cultured in King’s B broth medium 

following the method described by King et al. (1954). 

Previous studies have shown that these bacteria 

exhibit plant growth promoting (PGP) abilities 

including the production of IAA and P solubilization 

(Hafez et al. 2019) as well as the production of 

siderophores (Ghazy and El Nahrawy 2021). 

 

2.3. Pots trial 

To investigate the combined effects of bio-organic 

fertilizer (VC) and PGPR inoculation on the 

vegetative growth, physiological characteristics, soil 

microbiological activity, chemical composition, and 

yield of lettuce plants (Lactuca sativa L. c.v. 

Alcapucci), a pot experiment was carried out on 

January 5 and 10, 2021 and 2022, at the 

Microbiology Lab. greenhouse in Kafr El-Sheikh 

Governorate, Egypt. The clay soil's physical and 

chemical characteristics are displayed in Table 1. The 

seedlings of lettuce were bought from a private 

nursery, Baltim city, Egypt.  

Before transplanting, one healthy 20-day-old lettuce 

plant seedling, each pot (30 cm (diameter) by 35 cm 

(height) polyethylene bag) was filled with 6 kg pot
-1

. 

The soil was thoroughly mixed with VC at a rate of 

10.0 ton ha
−1

 according to Hafez et al. (2021). Each 

pot was irrigated before the transplanting, and the 

moisture content reached to 40%. Ammonium 

sulphate (20.6% N), a mineral fertilizer containing 

nitrogen was administered at a rate of 238 kg ha
-1

 in 

two equal amounts at 21 and 45 days following 

transplanting. Potassium sulphate (48% K2O) was 

applied at a rate of 119 kg ha
-1

 in two equal split 

administrations, i.e., four and six weeks after 

transplanting, while calcium superphosphate (15.5% 

P2O5) was applied at a rate of 476 kg ha-1 prior to 

transplanting.  64 lettuce plants were used in the 

experiment. They were split into 8 treatments, each 

with 8 duplicates, and placed in the following 

randomized block arrangement: T1: Control (without 

VC), T2: Inoculation with 3 ml of A. lipoferum 

(without VC, 1x10
8
 CFU ml

-1
), T3: Inoculation with 

3 ml of  P. koreneesis (without VC, 1x10
8
 CFU ml

-1
), 

T4: combination (T2+T3); T5: Control (with VC), 

T6: Inoculation with 3 ml of A. lipoferum (with VC, 

1x10
8
 CFU ml

-1
), T7: Inoculation with 3 ml of  P. 

koreneesis (with VC, 1x10
8
 CFU ml

-1
), and T8: 

combination (T6+T7). 

 

TABLE 1. Physical and chemical analysis of the soil used. 

Season 
Mechanical analysis (%) 

Texture 
pH 

(1:2.5) 

EC 

(dS m
–1

) 

OM 

(g Kg
-1

) 

Available elements (mg Kg
-1

) 

Sand Silt Clay N P K 

2021 21.14 24.69 54.17 Clayey 7.67 2.69 16.15 8.56 8.02 381.30 

2022 20.33 26.02 53.65 Clayey 7.72 2.85 17.32 9.12 8.46 350.07 

 

2.4. Traits Measurements  

Physiological Characteristics 

Photosynthetic pigments  

To calculate total chlorophylls and carotenoids, 0.1 g 

of four samples (leaf) were crushed, extracted in 

acetone (5 ml, 80%), following Lichtenthaler's (1987) 

instructions. Following a 10-minute centrifugation at 

13,000 xg, the supernatant's absorbance was 

measured at 663, 645, and 470 nm. The amounts of 

carotenoids and chlorophylls were determined as mg 

g
−1

 FW and µg g
−1

 FW, respectively. 

 Total soluble sugar  

Utilizing the Hendrix (1993) methodology. In short, 

0.5 g of four samples (leaf) were homogenized in 

ethanol (5 ml, 80%), then deposited in a water bath at 

80 °C for 30 minutes. After centrifuging at 10,000 ×g 

for 10 min, the supernatants were measured at 620 nm 

wavelength using a UV Spectrophotometer (Model 

6705). The results were reported as µg g
-1

 FW based 

on a glucose standard curve. 

Microbial community and soil enzymes 

estimations 

Thirty-five days after transplanting, ten g of soil 

samples (rhizosphere) were combined with ninety 

milliliters of distilled water that had been sterilized, 

well mixed, and agitated for thirty minutes at 150 

rpm. Soil extract agar medium was used to quantify 

the total count of bacteria (Allen, 1959). Furthermore, 

the most probable number (MPN) approach 
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(Cochrane, 1950) and SSM medium (Döbereiner et 

al., 1976) were used to calculate the total count of 

Azospirillum. However, King et al. (1954) reported 

that the total count of Pseudomonas by King's B 

medium. All microbial counts were calculated as (log 

CFU 10 g
-1

 dry soil). Also, by converting 2, 3, 5, 

triphenylotetrazolium chloride to triphenyl formazon 

( red-colored), soil samples were submitted to 

spectrophotometric to determine dehydrogenase 

activity which calculated as mg TPF g
-1

 soil day
-1

 

(Casida et al. 1964). 

Macro- and Micro-Nutrients  

0.5 g of crushed leaf sample were digested using 30% 

H2O2 and concentrated sulfuric acid on a hot plate 70 

days after transplanting, following the procedures 

described by Jones et al. (1991). According to Peters 

et al. (2003), micro-Kjeldahl was used to determine 

the nitrogen (%). Using Page et al. (1982) 

spectrophotometric methods, the phosphorus (%) was 

calculated. Using a Flame photometer and Cottenie et 

al.'s (1982) methodology, the potassium (%) was 

determined. Furthermore, micronutrients including Zn, 

Mn, Fe, and Cu were assessed in milligrams per 

kilogram using atomic adsorption spectrophotometry 

(Perkin Elmer 3300) as per the methods outlined by 

Cottenie et al. (1982). 

Yield parameters 

Four healthy plants to each treatment were removed 

at 70 days after transplanting, which measurements 

were made of their fresh and dry weights (g plan
-1

), 

height (cm plant
-1

), leaf area (cm
2
), and leaf count.  

2.5 Statistical analyses  

Results were statistically analyzed according to the 

analysis of variance (ANOVA) approach by CoStat 

software, and the differences were assessed at p < 0.05 

using DMRT (Duncan, 1955). Data are presented as 

means ± SD. 

3. Results  

3.1. Physiological Characteristics 

After 35 days of transplanting, there were notable 

variations (P < 0.05) in the amounts of total 

chlorophyll, carotenoids, and total soluble sugar in 

lettuce leaves based on the vermicompost applied and 

the PGPR inoculation (Fig. 1).  In seasons 2021 and 

2022, data showed that the highest total chlorophyll 

values of 2.71 and 2.78, 2.87 and 2.47 mg g
−1

 FW for 

T8 treatment (VC + inoculation with A. lipoferum + 

inoculation with P. koreneesis), and T6 treatment 

(VC + inoculation with A. lipoferum) over control 

treatment (T1), respectively. 

Conversely, as compared to the same treatments but 

without VC additives (T1, T2, T3, and T4), VC 

treatments (T5, T6, T7, and T8) displayed the 

greatest values for carotenoids and TSS under 

additives. For example, in comparison to other 

examined treatments, T5, T6, T7, and T8 treatments 

recorded 0.75, 0.94, 0.91, and 0.96 for carotenoids 

(μg g
−1

 FW) and 5.78, 6.03, 5.71, and 6.96 for TSS 

(μg g
−1

 FW) in season 2021 (Fig. 1B, C). In the 2022 

season, the same pattern was observed. According to 

the previously indicated data, T8 > T6 > T7 > T5 for 

various applications of VC soil amendments and 

PGPR inoculation.  

3.2. Soil microbiological activity 

After 35 days of transplanting, the microbial 

community, which includes the total number of 

bacteria, Azospirillum, Pseudomonas, and DHA 

enzyme, was found to be significantly (P < 0.05) 

different in the rhizosphere of lettuce plants grown 

under soil additives with VC and PGPR inoculation 

in both the 2021 and 2022 growing seasons (Fig. 2). 

Overall, the findings show that the microbial 

community varied depending on the microbial 

inoculation.  In comparison to the other treatments, 

the T8 treatment (combination) demonstrated the 

highest population of total counts of bacteria (7.66 

and 7.92 CFU log10 g
-1

; Fig. 2A); Azospirillum 

(4.59 and 4.82 CFU log10 g
-1

; Fig. 2B), 

Pseudomonas (3.07 and 3.29 CFU log10 g
-1

; Fig. 

2C); and DHA enzyme (268.00 and 276.40 mg TPF 

g
-1

 soil day
-1

, Fig. 2D) during the first (2021) and 

second (2022) growing seasons, respectively. 
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Fig. 1. Combined effects of soil amendments with VC and inoculation with PGPR on total chlorophyll (A), 

carotenoids (B) and TSS (C) in lettuce leaves at 35 days from transplanting during 2021 and 2022 

seasons. Duncan's test, means with different letters after them denote significant differences (P < 

0.05) between the treatments. SD: means ± standard deviation which derived from three 

replicates. T1: Control (without VC), T2: Inoculation with A. lipoferum (without VC), T3: 

Inoculation with P. koreneesis (without VC), T4: combination (T2+T3); T5: Control (with VC), 

T6: Inoculation with A. lipoferum (with VC), T7: Inoculation with P. koreneesis (with VC), and 

T8: combination (T6+T7). 
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Fig. 2. Combined effects of soil amendments with VC and inoculation with PGPR on total bacteria (A), 

Azospirillum (B), Pseudomonas (C) and DHA enzyme (D) in lettuce leaves at 35 days from 

transplanting during 2021 and 2022 seasons. Duncan's test, means with different letters after them 

denote significant differences (P < 0.05) between the treatments. SD: means ± standard deviation 

which derived from three replicates. T1-T8: See footnote Figure 1.  
 

3.3. Macroelements in lettuce leaves 

The effects of PGPR inoculation and soil additions 

with VC on the percentages of N, P, and K in lettuce 

plant leaves throughout both growth seasons were 

statistically significant (P < 0.05) (Table 2). In 

seasons 2021 and 2022, respectively, T4 treatment 

yielded the highest percentage of N attained 2.1 and 

2.04% under inoculation with A. lipoferum + P. 

koreneesis without soil additives with VC, followed 

by T3 treatment (inoculation with P. koreneesis), 

attained 1.97 and 2.03%, compared to T1 treatment 

(control), 1.42 and 1.50%. However, under 

inoculation with A. lipoferum, +  P. koreneesis with 

soil additives with VC, T8 treatment gave the high 

percent of N attained 2.98 and 3.02 % followed by 

T6 treatment (inoculation with P. koreneesis), 

attained 2.14 and 2.21 %, compared to T5 treatment 

(control with VC), 1.89 and 1.97 %, in seasons 2021 

and 2022, respectively (Table 2). Conversely, in 

comparison to the other treatments, the T8 treatment 

(combination + VC) exhibited the highest values of 

P and K%, with values of 0.90 and 0.91 % and 2.63 

and 2.64 % during the, 2021 and 2022 seasons, 

respectively. Based on the previously indicated 

results, T8 > T6 > T7 > T5 for various soil 

amendment applications with VC and PGPR 

inoculation, and T4 > T3 > T2 > T1 for various 

PGPR inoculation alone (Table 2). 
 

3.4. Microelements in lettuce leaves 

Lettuce plants were exposed to soil additives (VC) 

and inoculation with PGPR (A. lipoferum and P. 

koreneesis) showed significant (P < 0.05) higher  

 

plant microelements i.e. Fe, Cu, Mn and Zn (Table 

3). By day 35 after transplanting, the combination 

treatment of T8 resulted in significantly higher levels 

of Fe, Cu, Mn, and Zn (mg Kg
-1

) in lettuce leaves, 

reaching record values of 92.34, 6.76, 41.76, and 

52.84, respectively, compared to the control 

treatment when soil additives with VC were applied 

during the 2021 season. This trend was also evident 

during the 2022 season (Table 3). As a result, 

compared to other treatments under study, the T8 

treatment (combination) demonstrated the highest 

uptake of microelements in lettuce plants. The 

decreasing order of the treatments was T8 (A. 

lipoferum + P. koreneesis + VC) > T6 (A. lipoferum 

+ VC) > T7 (P. koreneesis + VC) > T5 (VC, control) 

according to Table 3. After being exposed to soil 

additions (VC) and PGPR (A. lipoferum and P. 

koreneesis) inoculation, lettuce plants displayed 

significantly (P < 0.05) greater levels of plant 

microelements, such as Fe, Cu, Mn, and Zn . When 

compared to the control treatment, the T8 treatment 

(combination) results in records for Fe, Cu, Mn, and 

Zn in lettuce leaves at 35 days after transplanting, 

which are 6.76, 41.76, 52.84, and 92.34, respectively, 

under soil additives with VC throughout the 2021 

season. A comparable pattern was noted in the season 

of 2022 (Table 3). As a result, compared to other 

treatments under study, the T8 treatment 

(combination) demonstrated the highest uptake of 

microelements in lettuce plants. The decreasing order 

of the treatments was T8 (A. lipoferum + P. 

koreneesis + VC) > T6 (A. lipoferum + VC) > T7 (P. 

koreneesis + VC) > T5 (VC, control) (Table 3). 
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TABLE 2. Combined effects of soil amendments with VC and inoculation with PGPR on N, P and K % in 

lettuce leaves at 35 days from transplanting during 2021 and 2022 seasons. 

Treatments N (%) P (%) K (%) 

 First season (2021) 

T1 1.42 ± 0.10 e 0.24 ± 0.02 f 1.07 ± 0.10 e 

T2 1.81 ± 0.13 d 0.31 ± 0.02 d 1.46 ± 0.13 d 

T3 1.97 ± 0.06 cd 0.27 ± 0.03 ef 1.62 ± 0.06 cd 

T4 2.01 ± 0.12 bc 0.29 ± 0.02 de 1.66 ± 0.12 bc 

T5 1.82 ± 0.08 d 0.69 ± 0.04 c 1.47 ± 0.08 d 

T6 2.14 ± 0.08 b 0.88 ± 0.02 ab 1.79 ± 0.08 b 

T7 1.89 ± 0.07 cd 0.85 ± 0.01 b 1.54 ± 0.07 cd 

T8 2.98 ± 0.11 a 0.90 ± 0.02 a 2.63 ± 0.11 a 

LSD 0.5% 0.16 0.03 0.14 

 Second season (2022) 

T1 1.50 ± 0.11 e 0.27 ± 0.01 f 1.11 ± 0.14 e 

T2 1.88 ± 0.15 d 0.33 ± 0.03 d 1.50 ± 0.17 d 

T3 2.03 ± 0.09 cd 0.30 ± 0.05 ef 1.64 ± 0.09 cd 

T4 2.04 ± 0.11 bc 0.32 ± 0.01 de 1.71 ± 0.18 bc 

T5 1.91 ± 0.07 d 0.71 ± 0.05 c 1.51 ± 0.09 d 

T6 2.21 ± 0.04 b 0.90 ± 0.06 ab 1.81 ± 0.05 b 

T7 1.97 ± 0.03 cd 0.85 ± 0.04 b 1.63 ± 0.03 cd 

T8 3.02 ± 0.10 a 0.91 ± 0.08 a 2.64 ± 0.15 a 

LSD 0.5% 0.19 0.07 0.16 

Duncan's test, means with different letters after them denote significant differences (P < 0.05) between the treatments. SD: 

means ± standard deviation which derived from three replicates. T1-T8: See footnote Figure 1.  

 

TABLE 3. Combined effects of soil amendments with VC and inoculation with PGPR on microelements 

(Fe, Cu, Mn and Zn mg Kg
-1

), in lettuce leaves at 35 days from transplanting during 2021 and 

2022 seasons. 

Treatments Fe  Cu  Mn  Zn  

 First season (2021) 

T1 61.44 ± 0.75 f 3.33 ± 0.21 e 18.07 ± 0.57 f 21.94 ± 0.75 f 

T2 64.50 ± 0.99 e 4.19 ± 0.28 d 20.42 ± 0.76 e 25.00 ± 0.99 e 

T3 65.70 ± 0.45 de 4.52 ± 0.13 cd 21.34 ± 0.35 de 26.20 ± 0.45 de 

T4 66.78 ± 0.68 d 4.61 ± 0.27 bc 22.17 ± 0.52 d 27.28 ± 0.68 d 

T5 83.10 ± 0.54 c 4.36 ± 0.15 cd 34.27 ± 0.50 c 43.06 ± 0.65 c 

T6 85.08 ± 0.62 b 4.91 ± 0.18 b 36.20 ± 0.48 b 45.58 ± 0.62 b 

T7 82.56 ± 0.65 c 4.20 ± 0.18 d 34.68 ± 0.41 c 43.60 ± 0.54 c 

T8 92.34 ± 1.02 a 6.76 ± 0.24 a 41.76 ± 0.78 a 52.84 ± 1.02 a 

LSD 0.5% 1.27 0.36 0.97 1.24 

 Second season (2022) 

T1 63.65 ± 0.79 f 3.53 ± 0.29 e 19.26 ± 0.51 f 22.13 ± 0.70 f 

T2 68.71 ± 0.91 e 4.44 ± 0.20 d 22.63 ± 0.70 e 27.19 ± 0.88 e 

T3 69.91 ± 0.41 de 4.71 ± 0.10 cd 23.51 ± 0.30 de 26.39 ± 0.33 de 

T4 69.99 ± 0.60 d 4.80 ± 0.21 bc 24.33 ± 0.51 d 27.47 ± 0.59 d 

T5 84.77 ± 0.55 c 4.41 ± 0.14 d 33.92 ± 0.45 c 45.79 ± 0.45 c 

T6 87.29 ± 0.69 b 5.11 ± 0.12 b 38.45 ± 0.49 b 47.77 ± 0.36 b 

T7 87.31 ± 0.50 c 4.55 ± 0.10 cd 36.42 ± 0.55 c 46.25 ± 0.87 c 

T8 96.55 ± 1.09 a 6.99 ± 0.22 a 43.96 ± 0.71 a 55.03 ± 0.89 a 

LSD 0.5% 1.29 0.33 0.93 1.27 

Duncan's test, means with different letters after them denote significant differences (P < 0.05) between the treatments. SD: 

means ± standard deviation which derived from three replicates. T1-T8: See footnote Figure 1. 
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3.5. Yield parameters 

Significant differences in the yield characteristics of 

lettuce plants under different treatments of soil 

amendments (VC) and PGPR inoculation were noted 

in the two growing seasons. Table 4 lists these 

parameters: height, leaf area, number of leaves, and 

fresh and dry weight.  When it came to yield 

characteristics, the combination treatment (T8) 

performed better than the control treatment overall. 

Table 4 demonstrates that treated lettuce plants with 

T8 (VC + PGPR) greatly raised the dry weight (g 

plant
−1

), 45.56 in 2021 and 48.66 in 2022, while also 

significantly increasing the fresh weight (g plant
−1

), 

512.00 in 2021 and 523.00 in 2022.  Similar to the 

other treatments under study, in season 2021, the 

application of VC soil amendments and PGPR 

inoculation resulted in increased plant height, leaf 

area, and number of leaves, reaching 43.03 cm plant-

1, 13.41 cm
2
 and 46.04 for T8 treatment and 36.17 

cm plant
-1

, 11.31 cm
2
 and 38.78 for T6 treatment, 

respectively. The 2022 season showed the same 

pattern (Table 4). 

 

TABLE 4. Combined effects of soil amendments with VC and inoculation with PGPR on fresh weight, dry 

weight, height, leaf area and number of leaves in lettuce plant at 70 days from transplanting 

during 2020 and 2021 seasons. 

Treatments 
FW 

(g plant-1) 

DW 

(g plant-1) 

PH 

(cm plant-1) 

LA 

(cm2) 

No. L 

 plant-1 

 First season (2021) 

T1 297.67 ± 6.80 h 24.85 ± 0.61 h 12.84 ± 0.70 f 4.46 ± 0.21 f 15.12 ± 0.73 f 

T2 407.67 ± 6.10 e 35.05 ± 0.54 e 15.73 ± 0.93 e 5.35 ± 0.28 e 18.18 ± 0.95 e 

T3 365.00 ± 3.60 g 31.28 ± 0.32 g 16.87 ± 0.42 de 5.69 ± 0.12 de 19.38 ± 0.41 de 

T4 451.00 ± 4.35 c 39.10 ± 0.39 c 17.89 ± 0.63 d 6.01 ± 0.19 d 20.46 ± 0.64 d 

T5 387.00 ± 5.29 f 33.88 ± 0.48 f 33.79 ± 0.61 c 10.58 ± 0.19 c 36.26 ± 0.65 c 

T6 481.33 ± 5.13 b 42.59 ± 0.56 b 36.17 ± 0.59 b 11.31 ± 0.18 b 38.78 ± 0.62 b 

T7 427.33 ± 4.51 d 37.75 ± 0.41 d 34.30 ± 0.51 c 10.74 ± 0.16 c 36.80 ± 0.54 c 

T8 512.00 ± 6.24 a 45.56 ± 0.57 a 43.03 ± 0.97 a 13.41 ± 0.30 a 46.04 ± 1.02 a 

LSD 0.5% 9.26 0.86 1.20 0.36 1.27 

 Second season (2022) 

T1 309.67 ± 6.11 h 28.95 ± 0.23 h 16.14 ± 0.45 f 4.57 ± 0.12 f 16.74 ± 0.71 f 

T2 419.67 ± 6.22 e 39.15 ± 0.13 e 19.03 ± 0.87 e 5.46 ± 0.25 e 19.80 ± 0.82 e 

T3 377.00 ± 3.67 g 35.38 ± 0.39 g 20.17 ± 0.69 de 5.80 ± 0.19 de 21.00 ± 0.19 de 

T4 463.00 ± 4.44 c 43.20 ± 0.30 c 21.19 ± 0.46 d 6.12 ± 0.16 d 22.08 ± 0.55 d 

T5 438.33 ± 4.71 f 36.98 ± 0.39 f 36.09 ± 0.29 c 10.67 ± 0.11 c 37.86 ± 0.78 c 

T6 492.33 ± 5.23 b 45.69 ± 0.76 b 38.47 ± 0.37 b 11.40 ± 0.10 b 40.38 ± 0.71 b 

T7 398.00 ± 5.46 d 40.85 ± 0.97 d 36.60 ± 0.78 c 10.83 ± 0.26 c 38.40 ± 0.42 c 

T8 523.00 ± 6.20 a 48.66 ± 0.18 a 45.33 ± 0.39 a 13.50 ± 0.36 a 47.64 ± 0.99 a 

LSD 0.5% 9.13 0.79 1.13 0.38 1.31 

Duncan's test, means with different letters after them denote significant differences (P < 0.05) between the treatments. SD: 

means ± standard deviation which derived from three replicates. T1-T8: See footnote Figure 1. FW: fresh weight; DW: 

dry weight; PH: plant height; LA: Leave area; No.L: number of leaves. 

 

 

4. Discussion 

The use of biofertilizers (VC and PGPR) enhanced 

biological activity, the availability of nutrients, and 

subsequent plant development.  The phosphate 

solubilizing activity and auxin and siderophore-

producing capacities of Azospirillum and 

Pseudomonas, which were employed in this study, 

were characteristics that promoted plant growth. 

Furthermore, VC is abundant in nutrients, plant 

growth regulators, and advantageous microbes that 

facilitate the conversion of nutrients into forms that 

are accessible to plants and enhance plant growth.  

The significance of investigating strain compatibility 

for plant co-inoculation under soil additions with 

organic fertilizers (VC) is underscored by our 

findings. This is supported by the fact that other 

researchers have used various strains of 

Pseudomonas and Azospirillum, most of which had 

not been evaluated for co-inoculation compatibility, 

with varying degrees of success. In the case of 

lettuce, for instance, reports have indicated that 

specific strain combinations yield better results 

(Mangmang et al. 2015; Aponte et al. 2017; Kishore 

et al. 2017; Çelik, 2023; Díaz et al. 2023; Toor et al. 

2024). The application of VC and PGPR inoculation 

had the biggest influence on chlorophyll content in 
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terms of physiological properties. Numerous studies 

have shown that these applications can improve 

plant growth and chlorophyll content (Khalid et al. 

2017). Vermicompost's high nutrient content, which 

includes essential nutrients that the plants can 

access, is responsible for this improvement. 

According to Hussain et al. (2017), beneficial 

bacteria present in VC also improve soil quality, 

increase nutrient availability, and shield plants from 

illness. Additionally, vermicomposting increases the 

organic matter content, water-holding capacity, and 

soil fertility all of which support the growth of 

plants, levels of chlorophyll, carotenoids, and TSS 

(Toor et al. 2024).  

Furthermore, Huang et al. (2017) demonstrated that 

organic matter and microorganisms in 

vermicompost, as well as enhanced nutrient 

availability and better soil structure, were 

responsible for the beneficial impacts. Consistent 

with the current study's findings, a prior 

investigation conducted by Liu et al. (2019) and 

Pereira et al. (2022) discovered that the microbial 

community and soil enzymes were most 

significantly affected by the use of VC and PGPR 

inoculation. Moreover, this is in line with a prior 

work by Wu et al. (2019), which found that applying 

VC and PGPR increased the C content of the 

microbial biomass. Nonetheless, increased DHA 

suggests that VC in conjunction with PGPR 

treatment benefits soil microbial activity and soil 

enzyme activity, including dehydrogenase activity 

(Wu et al. 2019; Toor et al. 2024). 

Simultaneously, our research emphasizes the 

importance of combining PGPR and VC to enhance 

lettuce's nutrient absorption. This improvement in 

plant nutrition can be attributed to PGPR's ability to 

increase the absorption, solubility, and 

bioavailability of essential minerals, including P, K, 

Zn, and Fe. Moreover, the ability to physiologically 

fix atmospheric N2 contributes to improved 

nutritional intake (Acurio Vasconez et al. 2020; 

Basu et al. 2021). Furthermore, PGPR's ability to 

stimulate the production of phytohormones 

including IAA and cytokinins, as well as gibberellins 

which is closely linked to increase the yield. These 

phytohormones are necessary to enhance overall 

plant growth and development (Khatoon et al. 2020; 

Ikiz et al. 2024). Furthermore, PGPRs can promote 

the synthesis and excretion of many chemical 

compounds. Lyu et al. (2023) list these as 

siderophores, organic molecules (volatile) and 

hydrolytic enzymes, including chitinases, proteases, 

cellulases, and pectinases. 

Our findings are consistent with the context that 

PGPR and VC additive inoculation has been 

demonstrated to enhance the growth and development 

of lettuce plants, as demonstrated by improvements in 

key plant growth parameters such as leaf area, height, 

shoot weight, and dry matter (Acurio Vasconez et al. 

2020; Rostaminia, 2021; Ikiz et al. 2024). This is 

relevant for improving the yield of lettuce plants and 

growth parameters. A dynamic interaction is revealed 

by the symbiotic link between bacteria and roots. 

Especially, shows the capacity to generate 

phytohormones, especially IAA, which plays a 

critical role in fostering the vegetative development 

of plants (Vetrano et al. 2022). Furthermore, the 

beneficial impacts of PGPR and VC cover significant 

processes such as atmospheric N2 fixation and 

solubilization of potassium and phosphate in the 

nutritional solution (Reid et al. 2021). Together, these 

processes support the general growth of lettuce 

plants. Acurio Vasconez et al. (2020) provided 

evidence in support of this claim by demonstrating a 

significant rise in a number of growth indices 

following bacterial strain inoculation of lettuce plants 

as compared to non-inoculated treatment. These 

indicators included plant height, plant dry matter, 

plant thickness, root weight, and root dry matter. This 

observable beneficial effect demonstrates the 

proactive function that PGPR with VC plays in 

improving plant nutrition, encouraging greater root 

growth, and eventually improving the growth and 

development of lettuce plants as a whole. 

 

5. Conclusion 

Statistically significant differences were 

identified in the impact of various PGPR extra 

vermicompost applications on the yield criteria of 

lettuce plants throughout the 2021 and 2022 seasons 

in the pot experiment investigation. Consequently, 

the vegetative growth, physiological traits, soil 

microbiological activity, chemical composition, and 

yield of lettuce plants were improved by the 

combined application of bioorganic fertilizer (VC) 

and PGPR (A. lipoferum and P. koreneesis). 
 

Ethics approval and consent to participate: None 

of the authors of this article have ever conducted any 

research on humans or animals.  
 

Consent for publication: All authors declare their 

consent for publication.  
 

Funding: No external funding. 
 

Conflicts of Interest: No conflict of interest. 
 

Contribution of Authors: Each author contributed to 

the manuscript's composition, editing, and revisions 

and approved of its release. 

Acknowledgements: The support from the Soils, 

Water, and Environment Research Institute and the 

Horticultural Research Institute, ARC, Egypt is 

greatly appreciated by all of the authors. 



EFFECTS OF PGPR INOCULATION AND VERMICOMPOST ON THE GROWTH, PHYSIOLOGICAL TRAITS ... 

________________________________________________ 

Env.Biodiv. Soil Security, Vol. 8 (2024) 
 

93 

References 

Acurio Vásconez, R.D., Mamarandi Mossot, J.E., Ojeda 

Shagñay, A.G., Tenorio Moya, E.M., Chiluisa Utreras, 

V.P. and Vaca Suquillo, I.D.L.Á. (2020). Evaluation of 

Bacillus spp. as plant growth-promoting rhizobacteria 

(PGPR) in broccoli (Brassica oleracea var. italica) and 

lettuce (Lactuca sativa). Ciencia y Tecnología 

Agropecuaria, 21(3), 1 – 16. 

Afify, A., Hauka, F., and Elsawah, A. (2018). Plant 

Growth-Promoting Rhizobacteria enhance Onion 

(Allium cepa L.) productivity and minimize requisite 

chemical fertilization. Environment, Biodiversity and 

Soil Security, 2, 119-129. 

Allen, O.N. (1959). Experiments in Soil Bacteriology; 

Wisconsin University Press: Madison, WI, USA, 1959; 

p. 202 

Aponte, A., Castillo, O., Cabrera, G., Pernia, M. and 

Hernandez, Y. (2017). Rhizobacteria Pseudomonas 

fluorescens and Azospirillum sp. association enhances 

growth of Lactuca sativa L. under tropical conditions. 

Journal of Central European Agriculture, 18 (2), 424-

440. 

Atiyeh, R.M., Edwards, C.A., Subler, S. and Metzger, J.D. 

(2001). Pig manure vermicompost as a component of a 

horticultural bedding plant medium: effects on 

physicochemical properties and plant growth. 

Bioresource technology, 78(1), 11-20. 

Basu, A., Prasad, P., Das, S.N., Kalam, S., Sayyed, R.Z., 

Reddy, M.S. and El Enshasy, H. (2021). Plant growth 

promoting rhizobacteria (PGPR) as green 

bioinoculants: recent developments, constraints, and 

prospects. Sustainability, 13(3), p.1140. 

Çakmakçı, R., Salık, M.A. and Çakmakçı, S. (2023). 

Assessment and principles of environmentally 

sustainable food and agriculture systems. Agriculture, 

13(5), p.1073. 

Casida J.R., Klein, L.E., and Santoro, T. (1964). Soil 

dehydrogenase activity. Soil science, 98(6), 371-376. 

Çelik, Y. (2023). Effect of Rhizobacteria (PGPR) and 

liquid vermicompost applications on yield and yield 

components in lettuce (Lactuca sativa L.) Culture. 

Journal of the Institute of Science and Technology, 

13(1), 1-9. 

Cochran, W.G. (1950). Estimation of bacterial densities by 

means of the" most probable number". Biometrics, 

6(2), 105-116. 

Cottenie, A.; Verloo, M.; Kiekens, L.; Velghe, G.; 

Camerlynck, R. (1982). Chemical Analysis of Plants 

and Soils; Laboratory of Analytical and Agrochemistry, 

State University: Ghent, Belgium, 1982; 14–24. 

Díaz, P.R., Merlo, F., Carrozzi, L., Valverde, C., Creus, 

C.M. and Maroniche, G.A. (2023). Lettuce growth 

improvement by Azospirillum argentinense and 

fluorescent Pseudomonas co-inoculation depends on 

strain compatibility. Applied Soil Ecology, 189, 

p.104969. 

Dobereiner, J. and Day, J.M. (1976). Associative 

symbioses in tropical grasses: characterization of 

microorganisms and dinitrogen-fixing sites. 

Washington: Pullman, Washington State University 

Press, pp 518-538. 

Duncan, D.B. (1955). Multiple range and multiple F tests. 

biometrics, 11(1), 1-42. 

Dyląg, A., Smoleń, S., Wisła-Świder, A., Kowalska, I., 

Sularz, O., Krzemińska, J., Pitala, J. and Koronowicz, 

A. (2023). Evaluation of the chemical composition and 

nutritional value of lettuce (Lactuca sativa L.) 

biofortified in hydroponics with iodine in the form of 

iodoquinolines. Frontiers in Plant Science, 14, 

p.1288773. 

Elbagory, M. (2018). Effectiveness of organic fertigation 

and moringa leaf extract spray as an alternative to 

chemical fertigation for improving yield and quality of 

lettuce under soilless condition. Environment, 

Biodiversity and Soil Security, 2, 175-182. 

Ghazy, N. and El-Nahrawy, S. (2021). Siderophore 

production by Bacillus subtilis MF497446 and 

Pseudomonas koreensis MG209738 and their efficacy 

in controlling Cephalosporium maydis in maize plant. 

Archives of microbiology, 203(3), 1195-1209. 

Hafez, E., Omara, A.E.D. and Ahmed, A. (2020). The 

coupling effects of plant growth promoting 

rhizobacteria and salicylic acid on physiological 

modifications, yield traits, and productivity of wheat 

under water deficient conditions. Agronomy, 9(9), 

p.524. 

Hafez, E.M., Omara, A.E.D., Alhumaydhi, F.A. and 

El‐Esawi, M.A. (2021). Minimizing hazard impacts of 

soil salinity and water stress on wheat plants by soil 

application of vermicompost and biochar. Physiologia 

Plantarum, 172(2), 587-602. 

Hendrix, D.L. (1993). Rapid extraction and analysis of 

nonstructural carbohydrates in plant tissues. Crop 

Science, 33(6), 1306-1311. 

Hina, N.S. (2024). Global Meta-Analysis of Nitrate 

Leaching Vulnerability in Synthetic and Organic 

Fertilizers over the Past Four Decades. Water, 16(3), 

p.457. 

Huang, C., Li, J., Xu, H., Qin, L., Hu, F. (2017). Effect of 

vermicompost on soil fertility and crop quality: a 

review. Appl. Environ. Soil Sci. 1–12. 

https://doi.org/10.1155/2017/3740919  

https://doi.org/10.1155/2017/3740919


 MOHSSEN ELBAGORY, et al., 

__________________________________________________________________________________________________________________ 

________________________________ 

Env.Biodiv. Soil Security, Vol. 8 (2024) 
 

 

94 

Hussain, N., Abbasi, M.K., Mahmood, T., Abbasi, S.A. 

(2017). Vermicompost enhances growth parameters of 

plants by improving soil structure and increasing 

nutrient availability. Int. J. Recycl. Org. Waste Agric. 6 

(1), 35–43. 

Ikiz, B., Dasgan, H.Y. and Gruda, N.S. (2024). Utilizing 

the power of plant growth promoting rhizobacteria on 

reducing mineral fertilizer, improved yield, and 

nutritional quality of Batavia lettuce in a floating 

culture. Scientific Reports, 14(1), p.1616. 

Ingelmo, F., Molina, M.J., Soriano, M.D., Gallardo, A. and 

Lapeña, L. (2012). Influence of organic matter 

transformations on the bioavailability of heavy metals 

in a sludge based compost. Journal of environmental 

management, 95, S104-S109. 

Jones, J.J., Wolf, B. and Mills, H.A. (1991). Plant analysis 

handbook. A practical sampling, preparation, analysis, 

and interpretation guide (pp. 213-pp). 

Juncal, M.J.L., Masino, P., Bertone, E. and Stewart, R.A. 

(2023). Towards nutrient neutrality: A review of 

agricultural runoff mitigation strategies and the 

development of a decision-making framework. Science 

of the Total Environment, 874, p.162408. 

Khalid, A., Arshad, M., Anwar, R., Mahmood, T. (2017). 

Vermicompost enhances plant growth by improving 

nutrient availability and soil structure. Pakistan J. 

Agric. Sci. 54 (3), 629–636. 

Khatoon, Z., Huang, S., Rafique, M., Fakhar, A., Kamran, 

M.A. and Santoyo, G. (2020). Unlocking the potential 

of plant growth-promoting rhizobacteria on soil health 

and the sustainability of agricultural systems. Journal of 

Environmental Management, 273, p.111118. 

King, E.O., Ward, M.K. and Raney, D.E. (1954). Two 

simple media for the demonstration of pyocyanin and 

fluorescin. The Journal of laboratory and clinical 

medicine, 44(2), 301-307. 

Kishore, N., Das, D.K., Barman, D., Chakraborty, S., 

Sarkar, B. (2017). Effect of vermicompost on growth 

and yield of lettuce. J. Pharmacogn. Phytochem. 6 (5), 

1812–1815. 

Lichtenthaler, H.K. (1987).  Chlorophylls and carotenoids: 

pigments of photosynthetic biomembranes. In Methods 

in enzymology (Vol. 148, pp. 350-382). Academic 

Press. 

Liu, Q., Liang, C., Li, M., Li, Z., Li, X. (2019). Effects of 

vermicompost application on soil microbial biomass 

and community structure in a temperate cropland in 

China. J. Soil Sci. Plant Nutr. 19 (2), 311–322 

Lyu, D., Backer, R., Berrué, F., Martinez-Farina, C., Hui, 

J.P. and Smith, D.L. (2023). Plant growth-promoting 

rhizobacteria (PGPR) with microbial growth broth 

improve biomass and secondary metabolite 

accumulation of Cannabis sativa L. Journal of 

agricultural and food chemistry, 71(19), 7268-7277. 

Mangmang, J.S., Deaker, R. and Rogers, G. (2015). 

Response of lettuce seedlings fertilized with fish 

effluent to Azospirillum brasilense inoculation. 

Biological Agriculture & Horticulture, 31(1), 61-71. 

Mondal, T., Datta, J.K. and Mondal N.K. (2015). Chemical 

Fertilizer in Conjunction with Biofertilizer and 

Vermicompost Induced Changes in Morpho-

Physiological and Bio-Chemical Traits of Mustard 

Crop, King Saud University, Journal of the Saudi 

Society of Agricaltural Science, 16, 135-144 

Omara, A. E. D., Hauka, F., Afify, A., Nour El-Din, M., 

and Kassem, M. (2017). The role of some PGPR strains 

to biocontrol Rhizoctonia solani in soybean and 

enhancement the growth dynamics and seed yield. 

Environment, Biodiversity and Soil Security, 1, 47-59. 

Ouf, S.A., El-Amriti, F.A., Abu-Elghait, M.A., Desouky, 

S.E. and Mohamed, M.S. (2023). Role of plant growth 

promoting Rhizobacteria in healthy and sustainable 

agriculture. Egyptian Journal of Botany, 63(2), 333-

359. 

Oyewole, C.I., Oyewole, A.N. and Obaje, E.M. (2013). 

Effect of nutrient source and rates on weed population, 

weed dry matter, growth and yield of egg plant 

(Solanum melongena L.) in Anyigba Kogi State, 

Nigeria. Journal of Environmental Science, Computer 

Science and Engineering & Technology, 2(3), 511-521. 

Page, A. L., Miller, R. H., and Keeney, D.R. (1982). 

Methods of soil analysis, part 2, 2nd ed. Madison, USA: 

American Society of Agronomy-Soil Science Society 

of America. 

Pereira, M.M.A., Moraes, L.C., Mogollón, M.C.T., Borja, 

C.J.F., Duarte, M., Buttrós, V.H.T., Luz, J.M.Q., 

Pasqual, M. and Dória, J. (2022). Cultivating 

biodiversity to harvest sustainability: Vermicomposting 

and inoculation of microorganisms for soil preservation 

and resilience. Agronomy, 13(1), p.103. 

Peters, J., Combs, S., Hoskins, B., Jarman, J., Kovar, J., 

Watson, M., Wolf, A. and Wolf, N. (2003). 

Recommended methods of manure analysis. University 

of Wisconsin Cooperative Extension Publishing: 

Madison, WI. 

Poornima, S., Dadi, M., Subash, S., Manikandan, S., 

Karthik, V., Deena, S.R., Balachandar, R., Kumaran, 

S.K.N. and Subbaiya, R. (2024). Review on advances 

in toxic pollutants remediation by solid waste 

composting and vermicomposting. Scientific African, 

p.e02100. 



EFFECTS OF PGPR INOCULATION AND VERMICOMPOST ON THE GROWTH, PHYSIOLOGICAL TRAITS ... 

________________________________________________ 

Env.Biodiv. Soil Security, Vol. 8 (2024) 
 

95 

Rashwan, B. R. and Elsaied, R. E. S. (2022). Response of 

Lettuce (Lactuca sativa L.) Plant to Bio-stimulants 

Under Various Irrigation Regimes in Reclaimed Sandy 

Soil. Environment, Biodiversity and Soil Security, 6, 

103-115. 

Rehman, S.U., De Castro, F., Aprile, A., Benedetti, M. and 

Fanizzi, F.P. (2023). Vermicompost: Enhancing plant 

growth and combating abiotic and biotic stress. 

Agronomy, 13(4), p.1134. 

Reid, T.E., Kavamura, V.N., Abadie, M., Torres-

Ballesteros, A., Pawlett, M., Clark, I.M., Harris, J. and 

Mauchline, T.H. (2021). Inorganic chemical fertilizer 

application to wheat reduces the abundance of putative 

plant growth-promoting rhizobacteria. Frontiers in 

Microbiology, 12, 642587. 

Rostaminia, M., Habibi, D., Shahbzi, S., Sani, B. and 

Pazoki, A. (2021). Effect of three commercial bio-

fertilizers prepared with Pseudomonas on yield and 

morphophysiological traits of lettuce (Lactuca sativa 

L.). Iran Agricultural Research, 39(2), 99-107. doi: 

10.22099/iar.2021.38685.1413.  

Toor, M.D., Anwar, A., Koleva, L. and Eldesoky, G.E. 

(2024). Effects of vermicompost on soil 

microbiological properties in lettuce rhizosphere: An 
environmentally friendly approach for sustainable 

green future. Environmental Research, 243, 

p.117737. 

 

USDA Foreign Agricultural Service (2007). The U.S. 

and World Situation: Lettuce. Available at: 

http://www.lalettredelacheteur.com  

/Accueil/SiteEssai/Rubriques/USDA/Legumes%20in

dustrie/June2007_Lettuce.pdf (accessed 11 April 

2016  

 

Vetrano, F., Miceli, C., Angileri, V., Frangipane, B., 

Moncada, A. and Miceli, A. (2020). Effect of 

bacterial inoculum and fertigation management on 

nursery and field production of lettuce plants. 

Agronomy, 10(10), p.1477. 

 

Wu, H., Jiang, Y., Chen, X., Qin, M., Guo, D. (2019). 

Vermicompost application enhances soil microbial 

biomass and activity in a wheat–corn rotation system. 

J. Soil Sci. Plant Nutr. 19 (1), 69–79. 

 

Zhang, J., Li, S., Jiang, P., Wang, R., Guo, J., Xiao, H., 

Wu, J., Shaaban, M., Li, Y. and Huang, M. (2024). 

Organic fertilizer substituting 20% chemical N 

increases wheat productivity and soil fertility but 

reduces soil nitrate-N residue in drought-prone 

regions. Frontiers in Plant Science, 15, p.1379485. 

 

 

http://www.lalettredelacheteur.com/

