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ABSTRACT 
 Lettuce (Lactuca sativa L) is one of the most consumed vegetable worldwide due to its richness in 
vitamins, minerals and fibers content. This study was conducted to evaluate the effect of bio, nitrogen 
mineral and organic fertilizers and their interactions on the growth, mineral content of leaves, yield and 
quality of lettuce plants. Three treatments of nitrogen fixing microorganisms (Aztobacter chroococcum, 
Azospirillum brasilense and control). Four equations of nitrogen mineral and/or organic fertilizers were 
applied (100% mineral, 50% mineral+ 50% vermicompost, 25% mineral + 75% vermicompost and 
100% vermicompost) of the recommended fertilizer unit. Results showed that Azotobacter 
chroococcum recorded the highest values of growth, total yield, leaves mineral content, i.e., N, P, K, 
Ca and nutritional value (carbohydrates and vitamin C) as well as lower nitrate content compared with 
control (without bio-fertilizers). Equation of 100% vermincompost of the recommended fertilizer unit 
exhibited the highest values of vegetative growth, leaves mineral content, yield, leaves nutritional value 
and lower values of nitrate content compared to the other treatments. The combined effect of 
Azotobacter chroococcum with 100% vermicompost of the recommended fertilizer units recorded the 
maximum values of the pre-mentioned parameters. 
 
Keywords: Lettuce, bio-fertilizers, nitrogen mineral fertilizers, organic fertilizers, vermi-compost, 

yield, nutritional value, mineral content. 

 
1. Introduction 

Lettuce (Lactuca sativa L) is rich in vitamins, minerals and fibers content which is cultivated and 
consumed worldwide. Stevens (1974) ranked lettuce as the 26th according to its nutritive value and the 
4th in terms of consumption. Its high nutritional value motivates many researchers to study and 
investigate its physical and chemical composition in trials to enhance and promote its productivity 
(Moreira et al., 2014; Christopoulou et al. 2015; Amoozgar et al., 2017 and Ghosh and Devi 2019). 
According to the United States Department of Agriculture (USDA) nutrient database (2015), lettuce is 
among the healthy crops as it is a rich source of phenolic compounds, b-carotene, and lutein content 
which plays a considerable role in reducing risk of cancers, cataracts and heart disease and stroke. López 
et al. (2014) reported that carotenoids possess an anti-oxidant capacity. One of the medical facts is that 
meals rich in dietary fibers has positive effects on the functioning of the digestive system (Mampholo 
et al., 2016). Lettuce is a leafy vegetable which very sensitive to the environmental conditions such as 
weather, water stresses and fertilization (Alisson et al., 2017). Lettuce is low-calorie salad plant is a 
good source of foliate and vitamins (A, C, K) (IBGE, 2013; Hasan et al., 2017). 

Lettuce has loosely bunched leaves and is used mainly for salads (Hamerschmidt et al., 2013). It 
is sensitive to Nitrogen fertilization, as lettuce yield increases with N fertilization increase. This may 
yield in a higher profit as a favorable result. However, excessive N fertilizer application may cause the 
accumulation of NO3

- in the leaves which reduces the quality of lettuce (Liu et al., 2014 and Qiu et al., 
2014). So, proper fertilization management requires wise use of N fertilizers so maximum yield is 
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achieved and crop development is maintained, whilst economic inefficiencies and environmental 
contamination caused by nitrate (NO3

–) leaching to groundwater is reduced (Dahan et al., 2014). Nitrate 
might not be toxic; however, when it is transformed to nitrite, the toxicity increases, as the probability 
of formation of toxic compounds increases. The reason behind this is the ability of nitrite to react with 
amines and amides compounds forming N-nitroso compounds. These N-nitroso compounds have been 
correlated to a high risk of diseases, such as the blood diseases (Santamaria, 2006). In addition, nitrite 
may react with certain amine and form nitrosamines, which are potent cancer-causing substances.  In 
this regard, many researchers put more effort reducing nitrate levels in vegetables with more concern 
with leafy vegetables such as lettuce (Liu et al., 2014 and Resende et al., 2010). The application of 
organic fertilizers decreased the nitrate concentration in heads of lettuce plants (Bosch et al., 1991). 
Moreover, it increases the agro ecosystems long-term sustainability (Mehnaz and Lazarovits, 2006). As 
a matter of fact, organic farming produces lower nitrate concentration vegetable crops (Bosch et al., 
1991; Williams, 2002; Mehnaz and Lazarovits, 2006).  

The increasing cost and the negative environmental impacts of nitrogen mineral fertilizers 
boosted the use bio-fertilizers as an alternative source. Bio-fertilizers are beneficial microorganisms 
known for their antifungal activities, increase seeds germination, improve plants vigor, and increases 
plant diseases resistance which contribute to the improvement of plant development and production 
(Moradi et al., 2011; Shirkhodaei et al., 2014; Khalil et al., 2019). In addition, the production 
technology for biofertilizers is relatively simple and the installation cost is very low compared to 
chemical fertilizer plants (Dawa et al. 2012; Fawzy et al., 2012: Ahmed et al., 2012, Abdel-Razzak, 
and EI-Sharkawy, 2013, Abou El-Magd et al., 2014 ; Zaki et al., 2014 and Hassan, 2015). Azotobacter 
chroococcum and Azospirillum are among the widely used biofertilizers for many plants such as maize, 
wheat, sorghum and rice. Azospirillum been known by its associative nitrogen fixing role. Azospirillum 
is aerobic bacterium that can thrive in flooded conditions (Sahoo et al., 2014). It promotes various 
aspects of plant growth and development (Bhattacharyya, 2012). Ardakani et al. (2011) found that 
inoculating wheat seeds with Azospirillum increased plant N absorption by 21.68%.  

Naturally cofound minerals, manure, animal waste, compost and vermin-compost are forms of 
organic fertilizers that can be used in organic farming. However, compost is commonly used as it is 
very rich in organic matter and minerals. Organic fertilizers are cost effective and eco-friendly which 
have a great prospect of supplying nutrients which can reduce over-dependence on chemical fertilizer 
(Bajeli et al., 2016).  Organic fertilizers exist in many forms and names. Among them is Vermi-compost 
which is created by the interactions between earthworm, microorganisms and organic residuals. 
Vermicomposting has many economically and environmentally benefits (Eswaran and Mariselvi, 
2016). It enhances plant growth and development directly and indirectly through the improvement of 
soil physical and chemical properties such as porosity and water holding capacity (Pandya et al., 2014; 
Marc et al., 2015). Organic wastes converted to Vermicompost have beneficial effects on plant growth 
and development. It improves seedling vigor, and plant growth by increasing humic acid and 
consequently increases plant growth hormones (Gopalakrishnan et al. 2012; Alsina et al. 2013). 

The objective of this study was to evaluate the growth response of lettuce plants treated with 
nitrogen mineral and/ or organic and biofertilizer, and then to compare them with the traditional 
chemical fertilizer.  
 
2. Materials and Methods 
 

This study was carried out during the two successive seasons of 2018/2019 and 2019/2020 in a 
net-house located in the Central Laboratory of Agricultural Climate Research Centre (CLAC), Dokki, 
Giza, Egypt. This work aimed to study the effect of nitrogen mineral, vermin-compost and bio fertilizers 
on the growth, chemical characteristics and yield of lettuce plants (Lactuca sativa, L.) under the 
conditions of clay soil using drip irrigation system. Soil and irrigation water characteristics were 
determined by analyzing a representative surface soil sample (0-30 cm) and irrigation water according 
to the procedures determined by Jackson (1973) and illustrated in Table (1). 
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Table 1: Physical and chemical properties of a representative soil sample used in the experimental site 
and irrigation water 

pH 1:1 
suspension 

EC  
(1:1 extract) 

dsm –1 
 

Soluble cations (%) Soluble anions (%) 

Ca+2 Mg+2 Na+1 K+1 CO3+ HCO3 Cl-- 

7.8 1.5  7.3 1.6 4.3 1.2 1.4 2.3 
Soil available nutrients (ppm) Soil mechanical analysis % 

N (ppm) P (ppm) K (ppm) Coarse Sand 
Fine 
Sand 

Silt Clay 
Texture 

class 
15.6 12.7 33.4 3.2 17.3 19.9 59.6 Clay 

Irrigation water 
PH EC Ca+2 Mg+2 Na+1 K+1 HCO3

- Cl-- SO4
-- 

7.4 1.2 8.5 3.6 3.2 0.2 6.3 2.2 7.2 

 
2.1. Plant material 

Seedlings were transplanted during the first week of Octobers 2018 and 2019 in both seasons. 
Seedlings were obtained from the Central Laboratory of Agricultural Climate Research Centre (CLAC), 
Dokki, Giza, Egypt. Seedlings were placed in double rows beds. Ditches of 20 cm width and 20 cm 
depth were prepared besides every irrigation line. Organic fertilizers (vermin-compost was used as a 
nitrogen source), calcium super phosphate at a rate of 90 Kg/fed. and agricultural sulphur at a rate of 
100 Kg per fed. were spread through the ditches and covered by sand. Drip irrigation lines were 
established over the ditches and soil was irrigated continuously three days before transplanting. Needed 
horticultural practices were applied. Potassium sulfate (48% K2O) at a rate of 60 K2O units/fed were 
applied during both growing seasons through irrigation system.  

Four equations of nitrogen mineral and/or organic fertilizers were applied (100% mineral, 50% 
mineral+ 50% vermicompost, 25% mineral + 75% vermicompost and 100% vermicompost) of the 
recommended fertilizer unit. Organic fertilizers (vermicompost was used as a nitrogen source) and 
added during soil preparation before the season start. The physical and chemical composition of the 
used vermicompost are listed in table (2). Nitrogen source of mineral fertilizer in the form of ammonium 
sulfate (21.5% N) were applied during all growing seasons and were stopped two weeks before harvest. 
Azotobacter chroococcum and Azospirillum brasilense treatments as a bio-fertilizer were applied by 
injection trough the irrigation water. 
 
Table 2: Vermicompost physical and chemical properties:  

pH 
EC 

(ds·m-1) 
Organic matter 

(%) 
Total N 

(%) 
Total P 

(%) 
Total K 

(%) 
Fe 

(ppm) 
Mn 

(ppm) 
Zn 

(ppm) 
7.4 6.3 55 2.18 0.53 1.53 821 145 44 

 
2.2. Preparing of biofertilizers  

The nitrogen fixer’s bacteria (Azotobacter chroococcum and Azospirillum brasilense) were 
isolated locally obtained from the National Research Centre, Dokki, Cairo, Egypt. The N2-fixer's 
cultures containing 5X106 cfu/ ml. were used 50 ml. of each bacterial strain and diluted as 1:10 ml. 

 
The experimental design and treatments: 

The experiment was arranged in a randomized split plot design with three replicates where the 
bio-fertilizer contributed as the main plot, while organic fertilizer and mineral fertilizer were distributed 
in the sub- plots (3*4*3). Every treatment contained three replicates.  
The experiment included two factors as follow: 
 
The first factor: bio-fertilizer treatments 

Three bio fertilizers were tested and without inoculation treatment as following: 
1- Without: Without bio-fertilizer 
2- Aztobacter chroococcum  
3- Azospirillum brasilense 
Bio-fertilizer treatments were applied three times after 2, 4 and 6 weeks of transplanting, respectively.  
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The second factor: for mineral and organic fertilization ratios: 
1- 100 % mineral of the recommended fertilizer units (90 Unit nitrogen/fadden). 
2- 50% mineral + 50% vermicompost (of the recommended fertilizer units). 
3- 25% mineral + 75% vermicompost (of the recommended fertilizer units). 
4- 100% vermicompost (of the recommended fertilizer units). 
 
2.3. Data collection and measurements 
2.3.1. Vegetative growth parameters: 

At 75 days from transplanting a random sample of three plants were taken from each experimental 
unit for measuring plant length (cm), number of leaves per plant, as well as plant fresh weight (g), head 
weight (g), head length (cm), and head width (cm). Dry matter was determined by allowing 100g fresh 
leaves to dry in a hot air oven at 105º C until constant weight and dry matter % was determined. 
Yield and its components: At harvest time (100 days after transplanting) the fresh heads of lettuce of 
each plot were harvested, then weighted to determine average head weight and total yield per feddan. 
 
2.4. Chemical analysis: 
2.4.1. Determination of leaf mineral contents (N, P, K and Ca %)  

A dried sample of 0.5 g was taken in 500 ml kejldahl flask, then 10 ml of Conc. H2SO4 were 
added and digested till colorless solution appeared. The content was cooled down and diluted to about 
25 ml with distilled water (solution 1). Determinations of total nitrogen in solution (1) according to 
kejldahl method as Motsara and Roy (2008), Total phosphorus was determined colorimetrically by 
ascorbic acid reductant method according to Motsara and Roy (2008) as modified by Watanabe and 
Olsen, (1965), and Total potassium was determined in solution (1) by using flame photometer according 
to A.O.A.C, (1990) and calcium were determined spectrometrically using a Phillips Unicom Atomic 
Absorption spectrophotometer as described by Chapman and Pratt (1982). 

 
2.5. Determination of nutritional value 

 Ascorbic acid (Vit. C) was determined in mg/100g fresh weight by using 2, 6 dichlorophenol 
indophenol for titration according to A.O.A.C (1990). 

 Total carbohydrate percentage was determined in leaves according to A.O.A.C. (1990). 
 Crude protein: The nitrogen content in heads was estimated by modified Kjeldahl's methods 

A.O.A.C. (1990). The protein content was calculated by multiplying nitrogen percentage with 
a factor 6.25 (Tai and Young, 1974). 

 Nitrate determination: Nitrate extraction, and chemical determination using salicylic acid by 
(Cataldo et al., 1975). 
 

2.6. Statistical analysis  
Data of the experiment was statistically analyzed using Mstatic (M.S.) software. The comparison 

among means of the different treatments was determined as illustrated by Snedecor and Cochran (1982). 
Means followed by the same alphabetical letters are not statistical different at 5% level of significance 
according to (Duncan, 1955). 
 
3. Results and Discussion 
 
3.1. Effect of different fertilizer sources on vegetative growth characteristics: 

Data illustrated in Table (3) shows the effect of different fertilizer treatments on plant length 
(cm), number of leaves, plant fresh weight (g) and plant dry matter (%) of lettuce plants. The application 
of biofertilizer significantly enhanced lettuce vegetative characteristics compared to the control 
(without biofertilizer) treatments during the two seasons. Data in table (3a) also indicates that the 
application of Azotobacter chroococcum was superior in plant growth characters followed by the 
application of Azospirillum brasilense for the two seasons compared to the control treatment. Number 
of leaves per plant were also significantly increased from about 22 leaf/plant in case of control to about 
33 leaf/plant in case of Azotobacter chroococcum.  While lettuce plant fresh weight increased from 
775.75 and 871.28 in case of the control treatment to 837.17 and 929.17 in case of Azotobacter  
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chroococcum application in both seasons respectively. The highest values of plant dry matter were 
recorded by Azotobacter chroococcum treatment followed by Azospirillium treatment. 

Speaking about the effect of nitrogen mineral and vermi-compost, data in table (3b) reveal that 
the application of 100% vermicompost of the recommended fertilizer unit treatment was superior in 
plant growth characters (plant length, leaves number/plant, plant fresh and dry matter) to all other 
fertilizers mixture this was followed by the 25% mineral + 75 %vermi-compost of the recommended 
fertilizer unit requirements in clay soils with no significant differences among them for both seasons. 
the application of mineral fertilizer at the recommended dose came at the last order among all other 
treatments in both seasons with a significant decrease in all studied vegetative parameters.  

In table (3c) the interaction effect of bio, mineral and organic fertilizers on plant growth. The 
application of Azotobacter chroococcum in combination with 100% vermicompost of the recommended 
fertilizer unit was superior among all other treatments in both seasons in all vegetative growth 
parameters. The application of this mixture of Azotobacter chroococcum and vermicompost 
significantly increased plant length to 44.67, 43.00, also increased number of leaves per plant to 42.67, 
43.67, plant fresh weight to 909.33, 994.33 (g/plant) and plant dry matter (%) 21.73, 22.93 in both 
seasons respectively. It is noticeable that the application of bio-fertilizer enhanced significantly plant 
vegetative characters compared to the case of not adding them. The lowest values were recorded in case 
of mineral fertilizer at 100 % of the recommended unit.  
 
Table 3: Effect of mineral nitrogen, vermi-compost and bio-fertilizer and their interaction on lettuce 

vegetative characteristics during 2018/2019 and 2019/2020 seasons. 

Treatments  

Plant length 
 (cm) 

No. of 
leaves 

Plant fresh weight 
(g) 

Plant dry matter 
% 

1st 
season 

2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 

a)  Effect of treatment 

Without bio-fertilizer 26.54c 28.21c 22.08c 22.42c 775.75c 871.28c 12.67c 13.73c 

Azotobacter chroococcum 37.79a 37.75a 32.33a 34.00a 837.17a 929.17a 18.52a 19.43a 

Azospirillum brasilense  32.42b 34.08b 27.58b 28.58b 811.00b 903.54b 16.45b 16.79b 

b)  Effect of mineral and vermi-compost 

100 % M   27.44d 27.83c 19.78D 22.89d 738.11c 831.22c 13.67d 14.43c 

50% M+50% VC 29.67c 30.89b 24.67C 25.22c 772.00b 863.22b 14.72c 15.14b 

25% M+75% VC 35.39a 37.00a 31.00B 31.22b 859.22a 956.70a 17.30b 18.40a 

100% VC 36.50a 37.67a 33.89A 34.00a 862.56a 954.17a 17.83a 18.62a 

c)  Interactions 

Without bio-
fertilizer 

100 % M 22.33j 23.00j 16.00f 17.67g 718.00j 810.33k 10.27i 11.33i 

50% M+50% VC 24.33i 25.67i 20.33e 21.33f 749.67h 838.33j 12.06h 13.10h 

25% M+75% VC 30.67f 33.50ef 28.33c 27.00d 826.33c 936.43e 15.10e 16.23e 

100% VC 28.83gh 30.67g 23.67de 23.67ef 809.00d 900.00f 13.23g 14.23g 

Azotobacter 
chroococcum 

100 % M 32.00e 31.83fg 23.00de 28.00d 759.33g 851.33i 16.60d 17.73d 

50% M+50% VC 34.67d 35.00de 28.00c 28.33cd 793.67e 887.00g 16.67d 16.83e 

25% M+75% VC 39.83b 41.17b 35.67b 36.00b 894.33a 984.00b 19.06b 20.20b 

100% VC 44.67a 43.00a 42.67a 43.67a 909.33a 994.33a 21.73a 22.93a 

Azospirillum 
brasilense 

100 % M 28.00h 28.67h 20.33e 23.00f 737.00i 832.00j 14.13f 14.23g 

50% M+50% VC 30.00fg 32.00fg 25.67cd 26.00de 772.67f 864.33h 15.41e 15.49f 

25% M+75% VC 35.67cd 36.33d 29.00c 30.67c 857.00c 949.67d 17.73c 18.76c 

100% VC 36.00c 39.33c 35.33b 34.67b 877.33b 968.17c 18.53b 18.70c 

Values followed by the same letter (s) are not significantly different at 5%. M, Mineral; VC, Vermicompost. 

 
The increase in plant vegetative parameters may be attributed to the increase of nutrients 

absorption due to the combined effect of vermin-compost and bio-fertilizers (Abou El-Magd, et al., 
2009). The existence of these two forms of fertilizers in the soil enhance the soil ability to retain 
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moisture and enhances nutrients availability in the soil solution and nutrients use efficiency (Sharma, 
2000). Moreover, the role of vermicompost of enhancing the soil physical and chemical properties (Ali 
et al., 2017; Hammadi et al., 2014; Darzi et al., 2012). 

The effect of vermicompost different doses on lettuce plant length, number of leaves, fresh 
weight, dry weight was reported by Frasetya et al., (2019), where he reported that 5 t ha-1 vermicompost 
was the best dose to support growth, efficiency and improves plant growth.  Moreover, Alper Durak et 
al., (2017) reported the same results and attributed the effect of vermicompost by increasing soil humic 
acid content and consequently increases plant growth hormones and other beneficial symbiotic 
microorganisms. Besides, it helps availability of plant nutrients by improving soil structure and 
microorganism activity and also this way increases plant growth. Rakesh et al., (2015) reported the 
superiority of vermicompost enhancing plant physical and chemical characteristics and encouraging the 
use of organic and bio-fertilizers. 
 
3.2. Effect of different fertilizer sources on physical characteristics 

Concerning the physical properties of lettuce plants, data illustrated in table (4a) reveal that, there 
are significant differences due to the application of biofertilizer compared to the control treatment. 
Azotobacter chroococcum treatment was superior in all measured values for the two seasons. It 
significantly increased head length, and width contributing to a net significant increase in the head 
weight where the highest significant values were obtained compared to the case of no biofertilizer is 
added. Moreover, Azospirillum brasilense come in the second order enhancing all physical parameter 
of lettuce plants. Plant head length ranged between 14.25 cm to 17.15 cm and 13.08 cm to 18.25 cm in 
both seasons with lowest values recorded in case of the control treatment. 

The effect of the application of vermi-compost and mineral fertilizer mixture is illustrated in table 
(4b). Data indicate that the superiority of 100% vermicompost of the recommended fertilizer unit where 
it significantly enhanced plant head length, width and weight compared to the application of mineral 
fertilizer alone. The highest values of head length, width and weight were obtained in case of the 
application of vermicompost 100% of the recommended fertilizer unit followed by the application of 
25% mineral + 75 %vermicompost of the recommended fertilizer unit with no significant differences 
in the two successive seasons. The application of 50% mineral + 50% vermicompost of the 
recommended fertilizer unit come in the second order with a significant difference compared with the 
control treatment (100% mineral nitrogen of the recommended fertilizer unit). 

The interactions between bio, mineral and vermicompost application is illustrated in table (4c). 
Data show that there are significant differences among all treatments with highest achieved values in 
case of 100% vermicompost of the recommended fertilizer unit combined with Azotobacter 
chroococcum. The highest head length, head width and head weight were achieved in case of 
application of 100% vermicompost with Azotobacter chroococcum where it reached 21, 22 cm (head 
length), 19 , 19 cm (head width) and 824.33, 831.33 g/plant (head weight) compared to 12.67cm and 
11 cm, 8.17, 8.17cm (head width)  and 564.33, 572.00 g/plant (head weight) in case of the application 
of mineral fertilizer at the rate of 100% of the recommended dose without vermicompost or biofertilizer 
in the first and second seasons respectively.  

The increasing lettuce yield and physical properties by Azotobacter chroococcum application is 
confirmed in many researches such as the work done by Masarirambi et al., (2012) who attributed the 
superiority of Azotobacter chroococcum treatment to its promoting role and the ability to fix nitrogen 
and enhancing soil properties. Where Mariola et al., (2008) reported the promotive role of Azospirillium 
on plants by producing hormones such auxins, gibberellins and cytokinin which enhance and promote 
plant development and vigor.  

 All findings are in agreement with those were reported by Mahmoud and Gad, (2020) on beans 
at 3 ton/fed vermicompost. Abou El- Hassan et al., (2017), Sevinç et al., (2018) and Yassen et al. (2019) 
reported the increasing dose of vermi-compost increased lettuce growth, yield and quality. Abou El- 
Hassan et al., (2017) reported the application of 5.04 ton/fed was the outperforming treatment in all 
studied parameters. 
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Table 4: Effect of mineral nitrogen, vermi-compost and bio-fertilizer and their interaction on lettuce 
physical characteristics during 2018/2019 and 2019/2020 seasons. 

Treatments  
Head length (cm) Head width (cm) Head weight (g) 

1st 
season 

2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 

a)  Effect of treatment 

Without bio-fertilizer 14.25c 13.08c 11.14c 10.79c 632.53c 642.25c 

Azotobacter chroococcum 17.15a 18.25a 15.92a 15.33a 768.21a 772.17a 

Azospirillum brasilense  15.25b 15.33b 13.21b 13.08b 738.13b 727.21b 

b)  Effect of mineral and vermi-compost 

100 % M   12.98d 12.89c 10.44c 10.17c 630.89c 634.00c 

50% M+50% VC   14.22c 14.22b 12.36b 11.83b 694.67b 685.00b 

25% M+75% VC   16.78b 17.33a 15.17a 14.78a 762.42a 767.61a 

100% VC   18.22a 17.78a 15.72a 15.50a 763.83a 768.89a 

c)  Interactions 

Without bio-
fertilizer 

100 % M 12.67g 11.00i 8.17g 8.17g 564.33j 572.00k 

50% M+50% VC 13.00fg 12.67gh 10.40f 9.83f 611.33i 603.67j 

25% M+75% VC 16.33c 15.00de 13.50d 13.67cd 690.43f 710.33f 

100% VC 15.00de 13.67fg 12.50de 11.50e 664.00g 683.00h 

Azotobacter 
chroococcum 

100 % M 13.93ef 15.33d 13.00de 12.33de 681.33f 689.33gh 

50% M+50% VC 15.67cd 16.00d 14.67c 14.00c 758.33d 753.67e 

25% M+75% VC 18.00b 19.67b 17.00b 16.00b 808.83b 814.33b 

100% VC 21.00a 22.00a 19.00a 19.00a 824.33a 831.33a 

Azospirillum 
brasilense 

100 % M 12.33g 12.33h 10.17f 10.00f 647.00h 640.67i 

50% M+50% VC 14.00ef 14.00ef 12.00e 11.67e 714.33e 697.67g 

25% M+75% VC 16.00cd 17.33c 17.33c 14.67bc 788.00c 778.17d 

100% VC 18.67b 17.67c 15.67c 16.00b 803.17b 792.33c 

Values followed by the same letter (s) are not significantly different at 5%. M, Mineral; VC, Vermicompost. 
 

Figure (1) represents the total yield per fadden where the lowest yield per fadden was 18.1 and 20.4 
(ton/fed) as a result of 100% mineral of the recommended fertilizer unit with no biofertilizer and no 
vermicompost addition for the two successive seasons respectively. The highest value of yield recorded 
was 22.9 and 25.1 ton/fed in response to the application of Azotobacter chroococcum combined with 
100% vermicompost of the recommended fertilizer unit for the two seasons respectively. 
 
3.3. Effect of different fertilizer sources on nutritional value of lettuce plant 

Nitrates, vitamin C are considered indicators for lettuces quality, where nitrate is responsible for 
the taste of the lettuce leaves and vitamin C are necessary for healthy bodies. Vitamin C increases 
human body resistance to viruses and bacterial infections. Data presented in table (5a) emphasizes the 
role of biofertilizers in enhancing lettuce quality. Data indicate that, the without bio-fertilizer treatment 
exhibited the lowest significant values of most of the aforementioned parameters especially total protein 
(%), vitamin C (mg/100 FW) and total carbohydrates (%), compared with other biofertilizer treatments. 
in the same context, the without bio-fertilizer treatment possess the highest nitrate content value where 
it recorded 343.06 and 379.08 mg/kg in the first and the second seasons respectively. The marvelous 
results have been achieved by Azotobacter chroococcum, which produced highest significant total 
protein (%), vitamin C (mg/100 FW) and total carbohydrates (%). This treatment, increased vitamin C 
by1.17 and 1.08 times than the corresponding control (without bio-fertilizer) respectively, in the first 
and second season. However, the Azospirillum brasilense increased vitamin C by only about 1.07 and 
1.01 times than those of without bio-fertilizer in the two seasons, respectively.  

Table (5b) show the response of lettuce nutritional parameters to the application of vermicompost 
and mineral fertilizer mixtures. Data indicates that the effect of 100% vermicompost of the 
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recommended fertilizer unit was the highest values in total protein (19.55, 19.57 %), vitamin C (28.42, 
28.39 mg/100 FW) and carbohydrates (28.38, 29.44 %) in the two successive seasons respectively. 
While it was the lowest in nitrate content (242.87, 279.62 mg/kg). This confirms the superiority of the 
application of vermicompost enhancing all nutritional parameters of lettuce plants compared to the 
mineral fertilizer. Data also indicates that all treatments are significantly different compared to each 
other with the lowest significant nutritional values in case of the application of 100% mineral fertilizers 
of the recommended dose in clay soil. 

 

 
Fig. 1: Response of lettuce total yield (ton/fed) to the application of different fertilizer a) effect of 

biofertilizer, b) effect of vermicompost and mineral fertilizer mixtures, c) interaction between 
both biofertilizers+ vermicompost and mineral fertilizer mixture during 2018/2019 and 
2019/2020 seasons. M, Mineral; VC, Vermicompost. 

 
Table (5c) presents the response of lettuce to the interaction of the applications of biofertilizer, 

vermicompost and mineral fertilizer at different levels and concentrations. Data emphasizes the 
promoting role of both biofertilizers and vermicompost. Where the highest significant increase in the 
nutritional values were obtained in case of the application of Azotobacter + 100% vermicompost 
mixture. Nitrate concentration in leaves as affected by interactions between bio-fertilizers, mineral and 
vermicompost application are presented in figure (2).  

Biofertilizers and vermicompost combinations significantly increased total carbohydrates, total 
protein and vitamin C in lettuce plants opposite to nitrate content which was significantly decreased in 
response to the application of biofertilizers and vermicompost mixtures. This was confirmed by Hanafy 
et al. (1997) who reported the role of biofertilizers to lower nitrate concentration decreased with vermi-
compost and biofertilizer application in jew’s mallow and radish plants while total carbohydrates, total 
protein were significantly increased. Blom-Zandstra et al., (1988) indicated that accumulation of NO3 
was inversely correlated to sugars and organic acids accumulation in lettuce plants. Moreover, Imsande 
and Touraine (1994) found that increasing of certain amino acids concentration in the phloem sap 
reduce nitrate uptake.  Many authors confirmed the role of bacteria that is found in the biofertilizers to 
fix nitrogen, dissolving phosphorus, produce different organic acids and plant growth promoters 
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(auxins, gibberellins and cytokinins), which consequently reduce soil pH (Chi et al., 2010; Thamer et 
al., 2011; Sahoo et al., 2013).  

 

 
Fig 2: Nitrate concentration in leaves in response to different fertilizers application. 
 
Table 5: Effect of mineral nitrogen, vermicompost and biofertilizer and their interaction on lettuce 

nutritional value during 2018/2019 and 2019/2020 seasons. 

Treatments  

Nitrate content  
(mg kg-1) 

Total protein  
(%) 

Vitamin C  
(mg/100 FW) 

Carbohydrates 
(%) 

1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 

a)  Effect of treatment 

Without bio-fertilizer 343.06a 379.08a 14.36c 13.67c 23.38c 24.518b 21.90c 22.31c 

Azotobacter chroococcum 281.45c 295.82c 20.10a 20.81a 27.42a 26.53a 29.53b 30.57a 

Azospirillum brasilense  330.63b 353.84b 17.98b 18.82b 25.81b 24.97b 26.45a 27.60b 

b)  Effect of mineral and vermicompost 

100 % M 375.62a 421.41a 15.03c 15.44c 22.15d 22.20d 23.06c 24.55c 

50% M+50% VC 325.02b 383.60b 16.22b 16.76b 24.65c 24.36c 24.34b 24.86c 

25% M+75% VC 280.51c 333.30c 19.13a 19.29a 26.91b 26.41b 28.07a 28.47b 

100% VC 242.87d 279.62d 19.55a 19.57a 28.42a 28.39a 28.38a 29.44a 

c)  Interactions 

Without bio-
fertilizer 

100 % M 462.75a 460.09a 12.13h 11.44i 20.00h 21.74h 18.30g 19.47g 

50% M+50% VC 382.65b 415.63b 13.23g 13.19h 22.07g 23.33fg 21.53f 22.16f 

25% M+75% VC 277.83ef 343.5e 16.77e 15.96f 26.93c 28.07bc 25.03de 24.77e 

100% VC 249.03hi 297.13g 15.31f 14.08g 24.50e 24.93e 22.74ef 22.87f 

Azotobacter 
chroococcum 

100 % M 347.50c 354.53c 17.50e 18.50d 23.44f 22.57gh 27.28cd 29.65c 

50% M+50% VC 284.97e 317.47d 18.75d 19.50c 27.42c 25.58de 26.38cd 26.50d 

25% M+75% VC 257.27gh 266.80fg 21.25b 22.00b 28.13b 26.88cd 30.70b 31.44b 

100% VC 236.07i 244.50hi 22.92a 23.25a 30.67a 31.08a 33.78a 34.71a 

Azospirillum 
brasilense 

100 % M 392.17c 449.20a 15.48f 16.38f 23.02f 22.29gh 23.60ef 24.54e 

50% M+50% VC 354.93d 369.93d 16.67e 17.60e 24.45e 24.15ef 25.10de 25.93d 

25% M+75% VC 306.73g 323.23f 19.38d 19.92c 25.67d 24.29ef 28.48bc 29.20c 

100% VC 268.70hi 273.03h 20.42c 21.38b 30.10a 29.17b 28.63bc 30.74b 

Values followed by the same letter (s) are not significantly different at 5%. M, Mineral; VC, Vermicompost. 
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3.4. Effect of different fertilizer sources on minerals content 
It is well known that following up N, P, K and Ca in the vegetative growth of lettuce plant, is 

great importance and correlate with the other parameters. Data presented in table (6) show the variations 
of these elements induced by the application of different fertilizers mixtures and concentrations. The 
main point that has captured our attention is that, all parameters responded significantly to the 
investigated treatments in comparison with the corresponding control.  

Data in table (6a) illustrate that, all biofertilizer treatments resulted in significant high levels of 
minerals content compared with without bio-fertilizer treatments. Nitrogen contents in lettuce leaves 
ranged between 2.3 and 3.22% in the first season and from 2.19 to 3.33% in the second season. While 
phosphors content ranged between 0.51 and 0.59 in the first season and from 0.53 to 0.60 in the second 
season. On the other hand, K and Ca contents ranged between 1.4 - 1.93 and 1.51 – 1.87 in the first 
season and 1.48 – 1.93 and 1.42 – 1.74 in the second season respectively. 
 
Table 6: Effect of mineral nitrogen, vermicompost and biofertilizer and their interaction on lettuce 

minerals content during 2018/2019 and 2019/2020 seasons. 

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

1st 
season 

2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 
1st 

season 
2nd 

season 

a)  Effect of treatment 

Without bio-fertilizer 2.30c 2.19c 0.51c 0.53c 1.40c 1.48c 1.51c 1.42c 

Azotobacter chroococcum 3.22a 3.33a 0.59a 0.60a 1.93a 1.93a 1.87a 1.74a 

Azospirillum brasilense  2.88b 3.01b 0.56b 0.57b 1.72b 1.69b 1.67b 1.51b 

b)  Effect of mineral and vermicompost 

100 % M 2.41c 2.47c 0.46d 0.53c 1.44d 1.47d 1.50d 1.39c 

50% M+50% VC 2.59b 2.68b 0.51c 0.55b 1.55c 1.58c 1.60c 1.41c 

25% M+75%VC 3.06a 3.09a 0.59b 0.59a 1.78b 1.82b 1.78b 1.68b 

100% VC 3.13a 3.13a 0.64a 0.60a 1.96a 1.93a 1.85a 1.75a 

c)  Interactions 

Without bio-
fertilizer 

100 % M 1.94h 1.83j 0.42g 0.49g 1.20g 1.27g 1.33h 1.28i 

50% M+50% VC 2.12g 2.11i 0.46f 0.52f 1.32g 1.43fg 1.46g 1.32h 

25% M+75% VC 2.68e 2.55g 0.61c 0.56de 1.61de 1.67de 1.65ef 1.58e 

100% VC 2.45f 2.25h 0.53e 0.54ef 1.47f 1.54ef 1.60f 1.50f 

Azotobacter 
chroococcum 

100 % M 2.80e 2.96e 0.48f 0.58cd 1.67cde 1.71cde 1.71de 1.60e 

50% M+50% VC 3.00d 3.12d 0.55de 0.57cd 1.74cd 1.68de 1.74cde 1.50f 

25% M+75% VC 3.40b 3.52b 0.60c 0.62b 1.93b 1.96b 1.90b 1.81b 

100% VC 3.67a 3.72a 0.72a 0.65a 2.38a 2.36a 2.13a 2.05a 

Azospirillum 
brasilense  

100 % M 2.47f 2.62g 0.47f 0.53ef 1.47f 1.43fg 1.47g 1.30hi 

50% M+50% VC 2.67e 2.82f 0.53e 0.56de 1.58ef 1.62e 1.59f 1.40g 

25% M+75% VC 3.10d 3.19d 0.57d 0.60bc 1.79c 1.82bcd 1.80cd 1.63d 

100% VC 3.27c 3.42c 0.67b 0.60bc 2.02b 1.88bc 1.82bc 1.71c 

Values followed by the same letter (s) are not significantly different at 5%. M, Mineral; VC, Vermicompost. 

 
Table (6b) present the effect of the application of vermicompost in combination with mineral 

fertilizer at different concentrations and rates. The application of 100% vermicompost of the 
recommended fertilizer unit led to the highest significant values of N, P, K, and Ca. this was followed 
by the application of 75% vermicompost + 25% of mineral fertilizer of the recommended fertilizer unit 
with a significant difference between the two treatments except in case of N content. it is noticeable 
that mineral fertilizer at the recommended fertilizer unit led to the lowest significant values of minerals 
content of lettuce plants.  

Data reported in table (6c) indicated that increased mineral content in lettuce plant and the highest 
values of mineral percentages were produced by inoculated plants with Azotobacter combined with 
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application of 100% vermicompost of the recommended fertilizer unit. Whereas, the lowest values were 
recorded by 100 % mineral of the recommended fertilizer unit treatment. 

These results are in harmony with those reported by BeykKhurmizi et al., (2015) and Sevinç et 
al., (2018) on lettuce. Where they reported the increase in leaf mineral (N, P, K, and Ca) contents in 
case of the application of vermicompost at 5 ton/fadden. Vermicompost promotes minerals uptake (Paul 
and Bhattacharya 2012; Sabrina et al., 2013; Moghadam et al., 2012; Shadanpour et al., 2011), which 
led to total N (%) increase in spinach (Peyvast et al., 2008), P content in the leaves of maize (Zea mays) 
(Gutie´rrez-Miceli et al., 2008). Moreover, increasing total nitrogen concentration in the leaves of 
lettuce plant under these biofertilizer is not accompanied by increasing nitrate accumulation in the plant. 
Which might be due to the utilization and conversion of nitrogen from the simple form such as nitrate 
to more complicated one such as proteins and amino acids (BeykKhurmizi et al., 2015). 

In this experiment the superior effect of Azotobacter chroococcum was recorded in all plant 
growth, physical and nutritional parameters followed by the Azospirillum brasilense. This holds true 
for all concentrations mineral fertilizer and rates of vermicompost used and for the two successive 
seasons. These results are confirmed by many authors on lettuce and other vegetable plants. Among 
them are Mariola et al., (2008), Abou El-Magd, et al., (2009), Masarirambi et al., (2012) and Han and 
Lee, (2015) on lettuce. While Verma et al. (2011) and Subramanian, et al., (2014) confirmed the same 
results by the application of vermicompost in combination with Azospirillum brasilense on 
Chrysanthemum morifolium plant. It has been reported that biofertilizers improve plant photosynthetic 
activity which enhance plant stress tolerance (Chi, et al., 2010) pathogens resistance (Thamer, et al., 
2011) and vegetative development (Sahoo et al., 2013). Azotobacter have high nitrogen fixing capacity 
(Ardakani et al., 2011). It produces antifungal compounds that protects plants from many pathogens 
(Sahoo et al., 2013). Moreover, Azotobacter produce plant growth promoting vitamins (Revillas, et al., 
2000), plant hormones (Abd El -Fattah et al., 2013). On the other hand, Azospirillum brasilense are 
free-living aerobic bacteria (Sahoo et al., 2014) which promotes plant growth and development 
(Bhattacharyya, 2012). 
 
4. Conclusion 

The result of the experiment indicated that the highest growth and yield of lettuce was obtained 
by using eco-friendly organic fertilizer and biofertilizers than mineral fertilizer. It is well known that 
biofertilizers can lower the amount of added chemical nitrogen fertilizer to the soil and consequently 
mitigation of pollution. In addition, the beneficial effects of biofertilizers such as production of organic 
acids (lowering soil pH) and production of plant growth regulators may contribute to a better plant 
growth and yield through enhancing nutrient uptake. Biofertilizers increased the concentration of simple 
organic molecules such as carbohydrates, total protein and vitamin C which played a role in regulation 
of plant osmosis and consequently better plant growth and yield. 
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