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Abstract

A field experiment was conducted during successive seasons at the experimental station of the National
Research Centre in Nubaria region, Egypt to assess the effects of vermicompost and foliar spray of
Spirulina platensis extract on vegetative growth, yield and nutrition status of lettuce plant.Results
indicated that addition of vermicompost fertilizer at rates of (1, 2 and 3 ton fed -1), and foliar spray of
spirulina platensis extract (1and 2 gL -1) within all tested treatments resulted had significant increases
promoted growth characters, yieldand chemical composition (N, P, K, Fe, Zn, Mn, Cu, and vitamin C) in
leaves and roots as compared to the control treatment.The highest valueapplication ofvermicompost at 2
ton fed-1+ foliar spray of spirulina platensis extract 2gL-1 in most growth characters plant height, fresh
and dry matter of leaves, number of leaves,fresh and dry matter of rootsg andleaf area) and yield.In
addition, data showed that decreasing vermicompost fertilizer and foliar spray of spirulina platensis
extract reducedtotal carbohydrate content %in leaves.
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INTRODUCTION
Lettuce (Lactuca sativa L.) is easy to grow and its growth period is short and the economic benefit is higher. In Egypt
lettuce are cultivated for local consumption and export. The head and leaves are rich in several minerals, vitamins and essential
source of antioxidants [1]. It also possesses various health benefits such as anti-inflammatory properties, protects neuronal cells,
lowers risk of cancer and heart diseases, prevents tiredness and often prescribed to weight-conscious consumers because of its low
calories content.
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The deficiency of soil nutrients in sandy soil is now regarded as one of the significant limitations for production vegetable in the
world. The use of organic farming eliminates or decreases the indiscriminate use of chemical fertilizers that affect groundwater,
air pollution, and minimizes the impact of a salt accumulation from the extensive and continuous use of chemical fertilizers that
increase environmental production cost [2]. In lettuce crops, organic farming can play a vital role in reducing the amount of toxic
compounds (such as nitrates), hence, improving the quality of leaves, maximizing the production and profitability [3].
Irajkhazaei et al., [4] found that organic fertilizer-grown leafy vegetables such as spinach, lettuce, chard, savoy cabbage and
white cabbage grew better and resulted in a greater complete yield and mineral content than a chemical fertilizer-grown vegetable.
Hossain and Ryu [5] found that application of organic fertilizer significantly increases leaf size, fresh weight, dry weight, N, P, K,
Ca, Mg and Na uptake of lettuce plants over chemical fertilizers.Currently, the use of organic manures and biofertilizers such as
vermicompost and algae has resulted to a reduction in the use of chemical fertilizers and to the provision of high-quality products
free of damaging agrochemicals for human safety [6]. Vermicomposts are the product of the mesophyllic biodegradation and
stabilization of organic materials through the interactive actions of microbes and earthworms. This product is rich in organic
compounds, microbial life, mineral nutrients, phytohormones and humic acids. Thus improving their suitability for agricultura l
practices [7].
Biofertilizers are organic products containing live or latent cells of different types of microorganisms (bacterial, fungal or algal)
The main advantages of biofertilizers are: cheap nutrient sources; suppliers of microelements; suppliers of organic matter;
counteracting the negative effects of chemical fertilizers; secretion of growth hormones; no adverse effects to ecosystem and
longer shelf life [8]. Spirulina platensis is a rich source of mineral nutrient, which hence stimulate root establishment, root
elongation and promote vegetative growth of plants [9].
Foliar application of algae extract induce many positive effects, where spraying plants had led to improve crop yield and quality,
increase nutrient uptake, resistance to frost and stress conditions especially those grown under semi-arid and desert condition [10].
Faheed and Fattah [11] found that the application of Chlorella Vulgaris was also found to be beneficial to the growth of lettuce
(Lactuca sativa). Also, Shy et al., [12] indicated that arugula plants cultivated in soil enriched with Spirulina shown that increased
plant height, chlorophyll content, fresh and dry weights When compared to the control(chemical fertilizers).
The paper aimed to study the effects of vermicompost and spirulina algae on growth, yield and nutritional state of lettuce plants
grown on sandy soil.
MATERIALS AND METHODS
A field experiment was carried out during the two successive seasons of 2017 and 2018 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 Spirulina
platensis extract on vegetative growth, yield and nutrition status of lettuce plants. Prior to any practices, a composite soil sample
was taken from the soil surface (0-30 cm) of the experimental site, air- dried, sieved by 2 mm sieve and analyzed. The physical
and chemical properties of soil were determined according to Klute [13] and [14]. The experimental soil was sandy in texture and
chemical properties were: pH =7.70 , EC = 0.54 dSm-1at 25OC,Organic matter = 0.12 %, N = 22.4 mg kg-1, P = 3.40 mg kg-1,K =
60.2 mg kg-1.Seedlings were transplanted when two leaves were completely expanded 30days after sowing Seeds of lettuce
(lactuca sativa L.) cv. Batavia. Seedlings were set up in the field on 20thof October and 15th 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 m2.The experimental design was a complete randomized blocks with five
replications for each treatment. The analysis of plant residue vermicompost indicated: PH= 7.2 ,EC = 2.4 dSm-1, N =1.8 %, P =
0.55 %, K = 1.2 %, Cu = 12 ppm, Zn = 40 ppm, Fe = 1320 ppm, and Mn =110 ppm. The treatments consisted of plant residue
vermicompost with different concentrations of 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 recommended dose of NPK chemical fertilizers used in this
experiment according to the Ministry of Agriculture, foliar spray of Spirulina platensisat rates of (1 and 2 gL-1) three sprays at 2
weeks intervals were used. Spirulina platensis was mixed with water to get the desired concentration.
The experimental treatments were as follows:
1- Control (without vermicompost)+foliar spray spirulina platensis extract1 gL -1
2- Control (without vermicompost)+foliar spray spirulina platensis extract2 gL-1
3- Vermicompost at 1 ton fed-1+foliar spray of spirulina platensis extract1 gL-1
4- Vermicompost at 1 ton fed-1+foliar spray of spirulina platensis extract2 gL-1
5- Vermicompost at 2 ton fed-1+foliar spray of spirulina platensis extract1 gL-1
6- Vermicompost at 2 ton fed-1+foliar spray of spirulina platensis extract2gL-1
7- Vermicompost at 3 ton fed-1+foliar spray of spirulina platensis extract1 gL-1
8- Vermicompost at 3 ton fed-1+foliar spray of spirulina platensis extract2 gL-1
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All agriculture practices operations other than experimental treatments necessary for growth and development as cultivation,
irrigation and pest control were followed whenever it was necessary and were done according to the recommendations of Ministr y
of Agriculture, Egypt.
Preparation of Algae Extract
The used algae in the present study Spirulina platensis is photosynthetic and multicellular blue-green microalgae that grow in
a wide range fresh, marine and brackish water (Marrez et al., 2014). The fresh algae material (One kg) was cut into small pieces
and weighted. The sample was extracted using a blender. The blended material was filtered through a double-layered of muslin
cloth to remove debris and designated as 100% and different used concentrations in this study were prepared by adding tap water
and refrigerated between 0 – 4ºC until use [15]. The source of algae fresh (Algal Biotechnology Unit, NRC, Egypt). The plants
were sprayed with algae extract after 30 and 45 days from seedlings and the untreated plants(check) were sprayed with tap water.
The chemical characteristics of algae were present in Table (1).
Table 1:Chemical composition of some macro- micronutrients, of Spirulina platensis fertilizer used in the experiment study
Macronutrients (%)
Micronutrients (ppm)
Carbohydrate (%) Crude protein%
N
P
K
Mg Ca
Fe
Zn
Mn
Cu
22.7
48.13
6.8 0.67 1.72 0.01 0.33 1170 28
56
5
Date Recorded:
Studied Characters: 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
areamm2, yield/plots kg and total yield ton fed -1.
Chemical constituents:
- The percentage of N, P, K in leaves were determined according to the methods in (Cottenie et al.,1982). Zinc, manganese,
iron and copper content were determined using atomic absorption spectrophotometer as described by Cottenie et al., [16].
- Chlorophyll a (Chl. a), chlorophyll b (Chl. b), and carotenoids (Carot.) content were estimated according to the method
described by Lichtenthaler [17].
- -Total carbohydrate percentage in leaves (%): dry matter of each treatment was used for determination total carbohydrates%
were colorimetrically determined using phenol-sulphoric acid reagent method as outlined by Dubois et al., [18].
- -Vitamin C was estimated in cauliflower heads according to the method reported in A.O.A.C. [19].
Statistical analysis:
All data obtained during each season were subjected to analysis of variance according to Snedecor and Cochran [20]. The
least significant differences (LSD) at P= 0.05 level was used to verify the difference between means of the treatments.
RESULTS AND DISCUSSION
Growth parameters:
In present work, the impact of vermicompost fertilizer and foliar spray of spirulina platensis extract on growth parameters and
productivity of lettuce plants based on the information in Table 1. Results indicated that addition of vermicompost fertilizer at
rates of (1,2 and 3 ton fed-1), and foliar spray of spirulina platensis extract (1and 2 gL-1) within all tested treatments resulted had
significant increases promoted growth characters and yield than the characteristics of the control [21]. The improvements in plant
growth could be due partially to large increases in soil microbial biomass after vermicompost applications, leading to the
production of hormones in the vermicompost acting as plant-growth regulators independent of nutrient supply. Obtained results
agreed with those of Prabha et al., [22] Tahmineh, and Parviz, [23]. In addition, application of vermicompost at 2 ton fed-1+foliar
spray of spirulina platensis extract 2gL-1 followed by vermicompost at 3 ton fed-1+foliar spray of spirulina platensis extract2 gL-1
significantly increased most parameters under study as compared to other treatments and control. Whilst, the lowest increase most
parameters was obtained from vermicompost at rate of 1ton fed -1+foliar spray of spirulina platensis extract 1gL-1, while the
reverse was in leaf area and dry matter of roots.
Data presented in Table (2) data also, showed that using of spirulina platensis extracts foliar spray at a rate of 1 and 2 gL -1 can be
useful in increasing growth parameters and yield over the control (tap water spray) [24].
Vernieri et al., [24] showed that the application of the biostimulant of plant extracts had a positive effect on plant growth in lettuce
and spinach and improved the root/shoot ratios. In lettuce, the biostimulant strongly stimulated the root growth and showed an
increase in the leaf area. As compared between with application vermicompost fertilizer and foliar spray of spirulina platensis
extract at a rates of (1and 2 gL -1), data demonstrated that application a foliar spray of spirulina platensis extract at rate of 2 gL-1
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gave a significant increased most growth parameter as compared with application a foliar spray of spirulina platensis extract at
rate of 1 gL-1.
Generally,the significant effect of the alga extract can be attributed to its impact in improving the permeability of the cell
membrane and promoting plant efficiency in the absorption of nutrients such as nitrogen directly associated to the concentration of
leaf chlorophyll. Furthermore, algae extract can play a role in delaying the aging of leaves by reducing chlorophyll degradation by
its cytokinin content. In addition, microalgae help to restore soil’s natural nutrient rotation, to build soil organic matter and by
supplying plants with various nutrients, hormones, which have a crucial impact on growth [25].
Table 2: Effect of different rates of vermicompost fertilizer with foliar application of spirulina platensis extract on growth
parameter and yield in Lettuce plants (Average of two seasons)
Vermicompost

(ton fed-1)

Spirulina
Extract ( gL-1)

F. M. of
leaves plant-1

D. M. of
leaves plant-1

No. of leaves
plant-1

Leaf
area cm2

F. M. of
Rootsplant-1

D. M. of
Root plant-1

yield
/plot kg

Yield ton
fed-1

1
2
1
2
1
2
1
2

291.0
330.3
317.0
396.3
377.7
465.3
426.1
442.3
4.00

82.33
80.88
88.32
88.14
82.13
82.17
88.14
83.18
4.63

33.30
34.00
37.33
41.33
45.00
53.02
42.04
43.06
3.17

165
196
201
244
230
347
335
357
115.2

33.33
35.33
36.00
40..00
39.00
46.33
40.67
44.00
5.50

4.66
4.94
5.62
6.15
5.46
5.60
5.04
6.48
0.77

13.81
22.37
28.88
23.01
28.77
88.23
23.88
31.10
3.55

4.39
4.61
5.10
5.60
5.80
8.48
6.90
7.45
0.82

0
1
2
3
LSD at 0.05

Chemical Composition:
Data reported in Tables (3&4) showed that all treatments tended to boost N, P and K concentration and uptake in leaves of
lettuce mixed use of vermicompost in presence of foliar spray of spirulina platensis extract compared to control in both seasons.
The increase in the chemical composition may be attributed to the constituents of vermicompost and spirulina platensis extract,
which help in enhancing these characters like other bio-stimulants such as natural hormones, amino acids, vitamins and
antioxidants [26], [27].
The maximum N (2.69 %) and P(0.34 %) content was noticed in case of application vermicompost at 3 ton fed -1 with a foliar
spray of spirulina platensis extract 2gL-1. The increment of leaves nitrogen concentration ranged between 97.31 % and P
concentration ranged between 99.66%. Wang et al., [28] on Chinese cabbage conducted experiments to assess the effect of
increasing doses of vermicompost applications and found a significant increase in the nutritional value
In comparison to the different rates of foliar spraying of spirulina platensis, extract at the rate of 1 and 2 gL-1 on N, P and K
content and uptake in leaves of lettuce. The pooled data in (Table 3) showed that the improve the magnitude variation of N, P and
K uptake in leaves increased with respect to the rate 2gL-1 as compared with 1gL-1 in leaves.
Potassium content in leaves increased with the spraying of spirulina platensis, extract at the rate of 2 gL-1 with vermicompost at 2
ton fed-1. Whereas the lowest values were obtained with spirulina platensis, extract at the rate of one gL-1 with vermicompost at
1ton fed-1 respectively
Phosphorus content ranged from 0.16% and0.34% in leaves of lettuce. The highest phosphorus content 0.34% was recorded when
application vermicompost at 3 ton fed -1 with a foliar spray of spirulina platensis extract 2gL-1.A study by Bai and Marabout [29]
reveals that significant increase in nitrogen, phosphorus, and potassium contents of some vegetables were determined with the
application of increasing doses of vermicompost.
The application of the vermicompost to the soil and foliar spray of spirulina platensis extract increased micronutrients content (Fe,
Zn, Mn and Cu ppm) of leavers of lettuce plants as compared to control. Data also showed that increased Fe and Mn content with
application of vermicompost at the rate of 3 ton fed-1 + foliar spray of spirulina platensis extract 2gL-1( 607.46 ppm and 57.40
ppm) respectively. On the other hand, Zn content increased with the application of vermicompost at the rate of 2 ton fed -1 + foliar
spray of spirulina platensis extract 2gL-1(37.90 ppm). Whereas Cu content increased with application of vermicompost at the rate
of 2 ton fed-1 + foliar spray of spirulina platensis extract 1gL-1(9.09ppm).Generally, an increase in iron content results in an
increase in zinc content in the plants. Moreover, the organic manures are enriched with microflora that is capable of inducing the
crops to uptake the micronutrients and the synergistic action of Spirulina along with organic manures promoted the zinc levels in
the plant [30].
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Table 3: Effect of different rates of vermicompost fertilizer with foliar application of spirulina platensis extract on N, P, K,
content in leaves and roots of lettuce plants(Average of two seasons)
leaves
Roots
Vermicompost SpirulinaExtract
N
P
K
N
P
K
-1
-1
(ton fed )
gL
%
1
2
1
2
1
2
1
2

0
1
2
3

1.73
1.79
1.96
2.09
2.32
2.55
2.41
2.69
0.50

LSD at 0.05

0.16
0.19
0.23
0.25
0.26
0.26
0.32
0.34
0.14

1.81
1.85
1.85
1.95
2.34
2.55
2.20
2.37
0.69

0.83
0.91
1.13
1.54
1.68
1.77
1.74
1.82
0.30

0.09
0.11
0.14
0.16
0.18
0.18
0.20
0.22
0.11

0.95
1.05
1.22
1.30
1.68
1.77
1.37
1.39
0.60

Table 4: Effect of different rates of vermicompost fertilizer with foliar application of spirulina platensis extract on Fe, Zn, Mn and
Cu content in leaves and roots of lettuce plants (Average of two seasons)
leaves
Roots
Vermicompost SpirulinaExtract
Fe
Mn
Zn
Cu
Fe
Mn
Zn
Cu
-1
-1
(ton fed )
(gL )
ppm
1
286.3 33.97 25.10 9.23 74.12 15.90 8.23 4.30
0
2
320.3 39.63 25.50 8.04 89.35 18.00 10.55 3.77
1
344.9 45.13 28.83 8.68 101.5 22.10 11.70 2.02
1
2
373.1 45.73 29.97 6.40 122.64 22.5 12.36 1.90
1
401.1 47.77 36.40 9.09 156.38 25.42 15.00 4.03
2
2
441.7 49.67 37.90 7.39 174.30 25.90 15.55 3.80
1
526.0 62.50 30.50 6.50 188.90 27.11 13.41 2.51
3
2
607.4 81.40 33.97 6.08 201.3 27.86 12.00 2.33
LSD at 0.05
115.3 18.30 6.96 1.87
96.2
1.90
2.10 0.60
The data described in Table (5) showed that the use of vermicompost with foliar spray of spirulina platensis extract on
photosynthetic pigment and carbohydrates (%) in leaves of lettuce plants improved the content of chlorophyll a, chlorophyll b,
carotenoid and Vitamin C to all prior treatments compared to control plant [31]. Moreover, it is quite clear from such data in
Table 4 showed that the maximum level content of chlorophyll a, chlorophyll b, carotenoid and total pigments were responded to
the increase of foliar-applied spirulina platensis, extract at rate of 2 gL -1 with vermicompost fertilizer at the rate of 3 ton fed-1.
Average of increase were 88.81% in chlorophyll a, 96.24%, in chlorophyll b, 96.41%, in carotenoid, 81.46% in total
pigmentsand13.3% in vitamin C as compared to control. This finding may be due to algae extract containing cytokines that cause
physiological activity and boost complete chlorophyll in crops, reflecting the photosynthesis activity and the synthesized materials
which will positively reflect on the growth characteristics [23]. In addition, data in Table (5) showed that decreasing
vermicompost fertilizer and foliar spray of spirulina platensis extract reduced total carbohydrate content %in leaves. Indicating
that treatments changed the source-sink relationship in the lettuces. The relocation of fixed carbon (as reduced sugars) to the root
system and its subsequent incorporation into structural macromolecules such as proteins to meet the demands of fast plant growth.
These result maybe provide a partial explanation for reduced in total carbohydrate content in lettuce leaves. Canellas et al., [32]
found that increased variability in invertase activity stimulation among plants treated with different humic substances. This
enzyme is associated with sugar metabolism, and its activity increased in comparison with control plants not treated with humic
substances.
Table 5: Effect of different rates of vermicompost fertilizer with foliar application of spirulina platensis extract on photosynthesis
pigment, and Vitamin C (mg/100gm F. W) and total carbohydrate % in fresh leaves of lettuce plants(Average of two
seasons)
chlorophyll chlorophyll
Carotenoids
Vermicompost SpirulinaExtract
Total
VitaminC
Carbohydrates
a
b
(ton fed-1)
(g L-1)
pigment
(mg/100gmF.W.)
(%)
(µg/g FW)
1
2
1
2
1
2
1
2

0
1
2
3
LSD at 0.05

7.54
8.60
9.47
10.03
9.91
10.56
10.0
11.19
1.20

2.58
2.96
3.20
3.43
3.42
3.66
3.56
3.76
0.95

2.67
2.94
3.39
3.63
3.54
3.83
3.82
3.59
0.95

12.79
14.5
16.06
17.09
16.87
18.05
17.38
18.54
1.40

54.46
59.40
58.67
60.04
74.43
73.20
83.45
86.70
8.44

3.02
3.11
1.26
1.50
2.2
2.55
2.40
2.80
0.62
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CONCLUSION
The experimental result clearly demonstrated that using vermicompost and biofertilizers have significant contribution to the
growth and productivity of lettuce yield in sandy soil. Also, reduce the N fertilizer which good results for human health and
reduce the soil pollution without reducing the yielding. On the long-term effects, using compost could alternatively help to save
the mineral fertilizer costs for many cycles of production
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