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INTRODUCTION 

 

Lettuce (Lactuca sativa) is considered as the most substantial vegetable in the group of leafy vegetables. It is roughly 

exclusively used as a fresh vegetable in salads, but some forms are also cooked [1]. Lettuce contains several dietary minerals for 

human health such as iron, zinc, calcium, phosphorus, magnesium, manganese, and potassium and other health-promoting 

bioactive compounds [2]. Vermicompost is a compost produced by earthworm activity. During the vermicomposting process, 

earthworms play a remarkable role in humiliating organic materials [3]. Other scientists have evaluated the effects of 

vermicompost on the growth of other plants through various greenhouse and field studies. Vermicompost has a positive impact on 

physicochemical properties of soil hence improving growth and yield of tomato [4]. Application of vermicompost to the soil also 

increased soil humic and plant growth hormone hence enhanced the growth and yield of pepper [5].Amino acids are organic 

Abstract 
 
Two field experiments were conducted during the winter seasons of 2017-2018 and 2018-2019 at the Agricultural 

Production and Research Station, National Research Centre (NRC), Nubaria Province, Egypt. The experiments aimed 
to study the effect of vermicompost and foliar application of amino acid on growth, quantity and quality yield and 

nutritional status of lettuce plants(lactuca sativa L.) cv. Batavia green. Four rates of vermicompost (0, 1, 2 and 3 ton 

fed-1)were added before seedlings were planted and the soil preparation. The results indicated thatincreasing the 
addition of vermicompost levels from 0 to 3 ton fed-1 led to a greater increase in lettuce growth and yield with high 

concentration of amino acids (500 ppm). As well as increasing in amino acid spraying rates from 250 to 500 ppm 

leads to an increase in lettuce yield quality (chlorophyll a, b, carotenoids, vitamin C and carbohydrate),   if no 

vermicompost is added or under conditions when different levels of vermicompost are added.The results clearly 
showed that increasing the concentration of amino acid spray from 250 to 500 ppm increased the content of N, P, K, 

Fe, Mn, and Zn inside the roots and leaves of lettuce under any rate of vermicompost addition. Therefore, it is evident 

the importance of adding vermicompost in improving the growth and yield of lettuce as well as nutritional status and 

the effect is more distinct and significant when spraying plants with amino acids. 
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chemical compounds and are the building clot of proteins, which implement structural, metabolic and passage functions in plants 

[6]. Amino acids are the precursors of phytohormones and other growth substances. Amino acids improve the competence of the 

plant’s metabolism to motivate yield increases and enhance crop quality, increasing plant tolerance to and recovery from abiotic 

stresses, expediting nutrient assimilation, translocation and use, enhancing quality attributes of product [7]. The paper aimed to 

study the addition of different rates of vermicompost and spray with two concentrations of amino acid and its effect on the yield 

quality and quantity as well as the nutritional status of lettuce plants (Lactuca sativa L.) cv. Batavia green grew in sandy soil under 

the drip irrigation system. 

 

MATERIALS AND METHODS 

Two field experiments were carried out during the two successive seasons of 2017/2018 and 2018/2019 at the experimental 

station of the National Research Centre in Nubaria region, Egypt to study the effect different rates of vermicompost and foliar 

spray of amino acids on yield and  quality of lettuce plants(Lactuca sativa L.) Cv. Batavia green was grown in sandy soil and 

using a drip irrigation system. Some physical and chemical properties of the soil used in the experiments are shown in Table (1) 

using the standard procedures outlined by Cottenie [8]. 

 

Table 1: Some physical and chemical properties of the soil used 

Soil property Value Soil property Value 

Particle size distribution % pH (1:2.5 soil suspension) 7.70 

Sand 
Silt 

Clay 

Texture 

92.65 
5.07 

2.28 

Sandy 

EC (dS m-1), soil paste extract 1.60 

Soluble ions (mmol L-1) 

Ca++ 

Mg++ 

Na+ 
K+ 

CO3
-- 

HCO3
- 

Cl- 
SO4

-- 

8.02 

3.23 

3.92 
0.91 

nd 

2.20 

3.98 
9.90 

CaCO3 % 1.80 

Saturation percent % 22.5 

Organic matter% 0.15 

Available N (mg kg-1) 24.5 

Available P (mg kg-1) 2.90 

Available K (mg kg-1) 56.4 CEC (cmol kg-1) 6.00 

 

Seedlings were transplanted when two leaves were completely expanded 30days after sowing Seeds of lettuce (lactuca sativa 

L.) cv. Batavia green. Seedlings were set up in the field on 20
th
of October and 15

th
 of November in the first and second seasons, 

respectively. Seedlings were planted on one side of ridges 25cm apart, ridges were 80 cm in width and 4 m length. Each plot 

included 4 ridges and the plot area was about 12 m
2
. The experimental design was a complete randomized block with five 

replications for each treatment.  The vermicompost used in this experiment was made of animal wastes (caw and horse manure), 

which were digested by species of earthworm such as Eisenia andrei and Eisenia fetida. Some chemical properties of 

vermicompost were determined (Table 2). The treatments consisted of vermicompost with different rates (0,1, 2 and 3 ton /fed
-1

) 

and incorporated in the top 15 cm layer of soil in the experimental beds before the plantation of lettuce seedlings. The plants were 

sprayed with amino acids at two rates (250 and 500 ppm) after 30 and 45 days from seedlings. The chemical composition of 

amino acids was present in Table (3). 

The recommended dose of NPK in this experiment was used according to the Ministry of Agriculture. All agriculture practices 

operations other than experimental treatments necessary for growth and development as cultivation, irrigation and pest control 

were followed whenever it was required and were done according to the recommendations of Ministry of Agriculture, Egypt. 

 

Table 2:Some chemical properties of vermicompost used 

Vermicompost 

pH 7.2 

EC (dS m-1) 2.4 

Moisture content 25% 

Organic Carbon 32.1 % 

Organic Matter 55.2 % 

C/N ratio 29.1 

N 1.80 % 

P 0.55% 

K 1.2% 

Fe 1320 ppm 

Zn 40 ppm 

Mn 110 ppm 

Plant growth regulators (ppm) 

Indol Acetic Acid 50.82 

Abscisic Acid 78.70 

Cytokinin 40.79 

Gibberellic Acid 75.80 
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Table 3: Chemical composition of amino acids used 

Amino acids Content (%) 

Isoleucine 0.6 

Leucine 0.4 

Lycine 1.2 

Methionine 0.9 

Phenylalanine 0.8 

Theroninie 0.9 

Valine 1.0 

Histidine 0.3 

Cysteine 0.1 

Alanine 1.7 

Aspartic 1.8 

Serine 0.8 

Glycine 1.0 

Tyrosine 0.6 

Proline 0.8 

Glutamine 2.1 

Argnine 1.0 

Total amino acids 16 

 

Table (4) shows the average weekly of air temperature [°C] and relative humidity [%] in the Nubaria area, especially in the 

experimental area during two growing seasons. 

After 75 days from transplanting, at full plants were chosen from each treatment to determine the studied characters: 

 

Morphological Characters 

Plant height (cm), fresh and dry matter of leaves g plant
-1

, number of leaves plant
-1

, fresh and dry matter of roots g plant
-1

, leaf 

area cm
2
, yield/plots kg and total yield ton fed

-1
. 

 

Table 4: Average weekly air temperature and relative humidity in Nubaria region during two growth seasons 

2017/2018 

Week Air temperature(°C) Relative humidity (%) 

Third week of October 2017 21.9 82.7 

Fourth week of October 2017 20.6 80.7 

First week of November 2017 17.3 82.4 

Second week of November 2017 17.3 86.6 

Third week of November 2017 17.4 83.9 

Fourth week of November 2017 15.7 83.9 

First week of December 2017 15.2 87.2 

Second week of December 2017 17.3 78.3 

Third week of December 2017 14.3 86.9 

Fourth week of December 2017 14.2 84.4 

First week of January  2018 13.3 89.2 

Second week of January 2018 13.2 82.6 

Third week of January 2018 13.1 81.5 

Fourth week of January 2018 15.1 90.2 

First week of February2018 16.2 92.0 

2018/2019 

Week Air temperature(°C) Relative humidity (%) 

Second week of November 2018 18.6 82.3 

Third week of November 2018 18.9 81.2 

Fourth week of November 2018 16.9 84.3 

First week of December 2018 16.4 81.4 

Second week of December 2018 16.1 84.0 

Third week of December 2018 14.9 83.1 

Fourth week of December 2018 15.1 83.6 

First week of January  2019 12.3 82.1 

Second week of January 2019 11.0 88.3 

Third week of January 2019 12.1 82.2 
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Fourth week of January 2019 12.2 80.1 

First week of February 2019 13.9 82.6 

Second week of February 2019 13.1 82.9 

Third week of February 2019 12.9 85.6 

Fourth week of February 2019 15.1 78.9 

 

Chemical constituents 
- The percentage of N, P and K in leaves and root were determined according to the methods in Cottenie[8]. Zinc, manganese, 

iron and copper content were determined using atomic absorption spectrophotometer as described by Cottenie[8]. 

- Chlorophyll a, chlorophyll b, and carotenoids content were estimated according to the method described by Lichtenthaler [9]. 

- Total carbohydrate percentage in leaves (%): the dry matter of each treatment was used for determination total 

carbohydrates% were colourimetrically determined using phenol-sulphuric acid reagent method as outlined by Dubois et al. 

[10] 

- Vitamin C was estimated in cauliflower heads according to the method reported in A.O.A.C. [11]. 

 

Statistical analysis 

All data were subjected to statistical analysis using Mstatc software. The comparison among means of the different treatments 

was determined, as illustrated by Snedecor and Cochran [12]. Means of the treatments were compared by the Least Significant 

Differences Test at (0.05) level of significance.  

   

RESULTS AND DISCUSSION 

 

The results in Table (4) showed the effect of spraying with two concentrations of the amino acid (250 and 500 ppm) on 

growth and yield parameters of lettuce plants under four rates of vermicompost (0, 1, 2 and 3 ton fed
-1

). Increasing the 

concentration of amino acids from 250 to 500 ppm led to a significant increase in the growth and yield of lettuce plants in the 

absence of vermicompost (0 ton fed
-1

). However, by increasing the addition of vermicompost levels from 1 to 3 ton fed
-1

 led to a 

greater increase in lettuce growth and yield with a high concentration of amino acids (500 ppm). Therefore, the importance of 

adding vermicompost to sandy soils is due to the improvement of their physiochemical properties which stimulate better growth 

and development of crops [13]. As well as the high content of microorganisms in vermicompost and therefore, by increasing the 

rates of vermicompost led to increasing of soil microbial content, which improved the biological properties of sandy soil [14]. 

Biostimulants such as amino acid are biologically active compounds that enhance metabolisms and promote plant development 

when applied in small quantities [15]. Plants can produce amino acids, but this synthesis is extremely energy exhaustion. 

Therefore, the application of ready for uptake amino acids authorize plants to economize energy and increase the pace of their 

development or reconstruction, especially in stringent times of plant development [16]. 

 

 

Table 4:Effect of different rates of vermicompost fertilizer with foliar application of amino acid on growth and yield of Lettuce 

plants (Average of two seasons) 

Vermicompost 

ton fed
-1

 

Amino acids  

ppm 

F. W. of leaves 

plant-1 

D. W. of leaves 

plant-1 

No of leaves 

plant-1 

Leaf 

area 

cm2 

F. W. of 

Roots 

plant
-1

 

D. W. of 

Root plant-1 
Total 

yield 

ton fed
-1 

g  g 

0 
250 492.0 52822 33.30 165 53.33 6.66 4.39 

500 532.3 53877 34.00 196 55.33 6.94 4.61 

1 
250 519.0 52822 37.33 201 56.00 7.62 5.10 

500 598.3 59814 41.33 244 50..00 8.15 5.60 

2 
250 579.7 628.2 42.00 230 59.00 7.46 5.80 

500 667.3 728.2 22.02 347 56.33 7.60 8.48 

3 
250 668.1 79814 22.04 335 50.67 7.04 6.90 

500 684.3 72819 22.06 357 54.00 8.48 7.45 

LSD 0.05 24.0 3.63 3.17 115.2 5.50 0.77 0.82 

 

The results in (Table 5) showed the effect of adding different levels of vermicompost and spraying two amino acids on the 

quality of lettuce yield. The increase of vermicompost from 0 to 3 ton per feddan improved significantly on the quality of lettuce 

yield. The values of chlorophyll a, b, carotenoids, vitamin C and carbohydrate increased from 7.540 to 11.19 µg/g FW, 2.58 to 

3.76 µg/g F.W., 2.67 to 3.94 µg/g FW, 54.46 to 86.70mg/100gm F.W. and 1.02 to 2.80 %, respectively. Consequently, the 

increased values for chlorophyll, B, carotenoids, vitamin C and carbohydrates were 32.6, 31.4, 32.4, 37.2, and 63.6%, 

respectively. The positive effect of vermicompost on chlorophyll concentration is probably due to the readily available nutrients 

such as N, P, Mg and Fe in the vermicompost which play a substantial role in chlorophyll formation and the photosynthetic 

apparatus and is in agreement with other studies like this [17] and [18]. Ascorbic acid content was not affected by the 

vermicompost addition to the cultivation soil and no significant differences were observed between any of the fertilization 
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treatments in lettuce plants [19].Conflicting effects, depending on genotype and environmental conditions, of vermicompost 

fertilization on ascorbic acid levels in different vegetables, are also reported [20], [21],[22]. 

 

On the other hand, the results in (Table, 5) indicate that an increase in amino acid spraying rates from 250 to 500 ppm leads to an 

increase in lettuce yield quality if no vermicompost is added or under conditions when different levels of vermicompost are added. 

The applications of amino acids as a foliar drizzle bring about increases in the contents of gross carbohydrates of plants. These 

results are in assent  with the finding of other studies on else plant species [23]. Glycine and glutamic acid are the main substrates 

for tissue formation and chlorophyll synthesis. Their existence contributes to chlorophyll production, thus increasing the amount 

of sugars formed through photosynthesis [24]. Abo Sedera et al., [25] revealed that spraying strawberry plants with amino acids at 

0.5 and 1.0 g/L significantly increased total yield, weight, TSS, vitamin C and total sugars content of fruits compared to control 

treatment. 

 

Table 5: Effect of different rates of vermicompost fertilizer with foliar application of amino acid on vitamin C and total 

carbohydrate in fresh leaves of lettuce plants (Average of two seasons) 

Vermicompost 

ton fed
-1

 

Amino acids 

ppm 

chlorophyll  

a 

chlorophyll  

b 
Carotenoids Vitamin C  

(mg/100gm FW) 

Carbohydrates 

(%) 
(µg/g FW) 

0 
250 7.540 2.58 2.67 54.46 1.02 

500 8.600 2.96 2.94 59.40 1.11 

1 
250 9.470 3.20 3.39 58.67 1.26 

500 10.03 3.43 3.63 60.04 1.50 

2 
250 9.910 3.42 3.54 74.43 2.20 

500 10.56 3.66 3.83 75.20 2.55 

3 
250 10.00 3.56 3.82 83.45 2.60 

500 11.19 3.76 3.95 86.70 2.80 

LSD 0.05 1.20 0.95 0.95 8.44 0.62 

 

Data in Tables (6 and 7) indicated to the effect of spraying two concentrations of amino acid under four rates of 

vermicompost on N, P, K, Fe, Zn and Mn content of lettuce leaves and roots. The results clearly showed that increasing the 

concentration of amino acid spray from 250 to 500 ppm increased the content of all nutrients inside the roots and leaves of lettuce 

under any rate of vermicompost addition. Also, do not overlook the importance of adding vermicompost to improve the content of 

the elements within the roots and leaves of lettuce 8 Nutrients content values increased significantly by increasing the rate of 

vermicompost from 0 to 3 ton per feddan  8 Jat and Ahlawat [2] adduced that vermicompost enforcement enhanced soil nutritious 

state in subsequent crops compared to no vermicompost application. The application of amino acids increased the transcription of 

genes involved in the transport of nitrate, ammonium, phosphate, magnesium, and iron [27]. Affirmative interactions among 

amino acids and some nutrients have been observed in nature. Plants are able to boost nutrient availability in the rhizosphere [28]. 

Nutrient translocation midst the vascular system has been shown to be expedited by the enhancement of their permeability in cell 

velum’s [29]. The foliar implementation of amino acids afflicted uptake efficiency of N from the soil and blocked N loss through 

leaching [6], [30]. 

 

Table 6: Effect of different rates of vermicompost with foliar application of amino acid onN, P and K content in leaves and roots 

of lettuce plants(Average of two seasons) 

Vermicompost  

ton fed
-1

 

Amino acids  

ppm 

leaves Roots 

N P K N P K 

% 

0 
250 1.73 0.16 1.81 0.83 0.09 0.95 

500 1.79 0.19 1.85 0.91 0.11 1.05 

1 
250 1.96 0.23 1.85 1.13 0.14 1.22 

500 2.09 0.25 1.95 1.54 0.16 1.30 

2 
250 2.32 0.26 2.34 1.68 0.18 1.68 

500 2.55 0.26 2.55 1.77 0.18 1.77 

3 
250 2.41 0.32 2.20 1.74 0.20 1.37 

500 2.69 0.34 2.37 1.82 0.22 1.39 

LSD 0.05 0.50 0.14 0.69 0.30 0.11 0.60 
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Table 7:Effect of different rates of vermicompost with foliar application of amino acid Fe, Zn, Mn and Cu content in leaves and 

roots of lettuce plants(Average of two seasons) 

Vermicompost 

ton fed
-1

 

Amino acids  

ppm 

leaves Roots 

Fe Mn Zn Cu Fe Mn Zn Cu 

ppm 

0 
250 286.3 33.97 25.10 9.23 74.12 15.90 8.230 4.30 

500 320.3 39.63 25.50 8.04 89.35 18.00 10.55 3.77 

1 
250 344.9 45.13 28.83 8.68 101.5 22.10 11.70 2.02 

500 373.1 45.73 29.97 6.40 122.64 22.50 12.36 1.90 

2 
250 401.1 47.77 36.40 9.09 156.38 25.42 15.00 4.03 

500 441.7 49.67 37.90 7.39 174.30 25.90 15.55 3.80 

3 
250 526.0 62.50 30.50 6.50 188.90 27.11 13.41 2.51 

500 607.4 81.40 33.97 6.08 201.3 27.86 12.00 2.33 

LSD 0.05 115.3 18.30 6.96 1.87 96.2 1.90 2.10 0.60 

 

CONCLUSION 

 

The importance of adding vermicompost in improving the growth and yield of lettuce as well as nutritional status and the 

effect is more distinct and significant when spraying plants with amino acids. 
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