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ABSTRACT 
 

New natural products for agricultural uses are currently being developed from plants, such as  
plant extracts and beneficial microorganisms , which help crops grow and develop properly as well as 
protect such crop from pests. The present research aims to evaluate the response of the lettuce crop to 
several biostimulants products. This experiment was carried out during the two winter seasons of 
2013/2014 and 2014/2015 to study the effect of spraying of 5 biostimulants additional to the control 
treatment (spraying with water) on lettuce production and quality. The biostimulants were ascobin, 
power mix, super blue green, super biomin and chitocare. All the biostimulants were added at a rate of 
1 gl−1three time after 30, 40 and 50 days after  transplanting. Super biomin increased heads diameter, 
fresh weight, total soluble solid (TSS) and total yield. Generally, foliar spraying with ascobin 
increased the leaves content of chlorophyll, N, P, total phenol and total amino acids while, the foliar 
spraying with chitocare increased the head firmness and total sugar).  
 
Keywords: Lactuca sativa L., biostimulators, yield, quality and chemical composition 

 
Introduction 
 

Lettuce is an important crop as nutritive source of minerals and vitamins as it is consumed as a 
fresh green salad (Hanafy et al., 2000). Also, lettuce leaves are consider a rich source of antioxidants, 
vitamins A and C (Norman 1992) ،and phytochemicals which are anti-carcinogenic (Masarirambi et 
al., 2012).It is contains a lot of cellulose which, is highly important and required for human health and 
it facilitates digestion. In addition, lettuce consumption improves sleep because it contains lactocin 
and lactucopicrin (Chaudhury, 1967).The cultivated area of lettuce in Egypt was about 3110 hectares, 
which produced about 68644 tons (FAO 2012). The excessive use of chemical fertilizers raises the 
major cost in lettuce production and creates degradation for the agricultural environment as well as 
affects the soil fertility; therefore, it has become essential to use untraditional fertilizers as 
supplements or substitutes for chemical fertilizer.  

Biostimulants are biologically active compounds that enhance metabolisms and promote plant 
development when applied in small quantities. Biostimulants contain microelements, hormones, 
enzymes, proteins, vitamins, amino acids, and other compounds (Edmeades, 2002). It is an 
environmental friendly method of improving plant development that reduces fertilizer and pesticide 
consumption. The application of biostimulants might be considered as a good production strategy for 
obtaining high yield of nutritionally valuable vegetables (Paradikovic et al., 2011). Vitamin C 
(Ascorbic acid) pits as coenzyme reaction by which poly sccharaide, fats and protein. Ascorbic acid is 
an abundant material of plants. It reaches a concentration of over twenty mM in chloroplasts and 
occurs in all cell wall. Vitamin C plays an important role as antioxidant, an enzyme factor and as 
growth regulating factor (Smirnoff and Wheeler, 2000). It plays an important role in different 
processes, including, photoprotection, photosynthesis, cell wall development and cell expansion, and 
it resist the environmental stressesby synthesis of ethylene, gibberellins, anthocyanins and 
hydroxyproline (Nicholas and Wheeler, 2000).Citric acid improved the growth and increased the yield 
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of vegetables (Amer and El Assiouty, 2004; Helal et al., 2005;Shehata et al., 2007). Certain bioactive 
compounds from algae were early considered with high potential in plant growth stimulation. These 
compounds affect metabolic processes including photosynthesis, respiration, nucleic acid synthesis 
and nutrients uptake. Algal extract mixture contain a wide range of active materials including free 
amino and organicacids, phytohormones, vitamins and enzymes which react as growth promoters 
(Snedecor and Cochran, 1980). Growth regulators, in small amounts modify, inhibit orincrease 
physiological processes in vegetable crops, with the bioactive products being intended to induce 
growth and development in plants as they provide them with compounds capable of being directly 
used (chi et al., 2009). Amino acids are a biostimulant which has good effects on plant growth and 
yield (Kowalczyk and Zielony, 2008). Chitosan, a common name to a deacetylated form of chitin, is a 
natural biodegradable materials derived from crustaceous shells, whose main attributes corresponds to 
its polycationic nature (Bautista-Baños et al., 2006). Chitosan treatment has been shown to stimulate 
plant growth (Kim, 2005). Many researchers reported that using chitosan as foliar spraying improved 
the vegetative growth, yield and quality of some vegetable crops such as strawberry, garlic and sweet 
pepper (Abdel-Mawgoud et al., 2010; Ghoname et al.,2010 and Fawzy et al., 2012). The foliar 
application of humic acid led to positive effects on lettuce growth (Young and Chen 1997 and 
Shahein et al., 2015) and improves the fruit set and improved cucumber production (El-Nemr et al., 
2012). 

This present study evaluated the influence of some natural stimulators (Ascobin, Power Mix , 
Super Bluegreen , Super Biomin and  Chitocare) on vegetative growth, yield as well as chemical 
contents of head  lettuce plants. 
 
Materials and Methods

 
The experiments were carried from 14 October 2013 to 3th January 2014 and from 11November 

2014 to 3thFebraury 2015 at the Agricultural Experimental Station, Faculty of Agriculture, Cairo 
University in  Giza Governorate, Egypt, to study the effects of 5 bio stimulators as a foliar application 
.i.e., Ascobin (Egyptian Ministry of Agriculture), Power Mix (Egyptian Ministry of Agriculture), 
Super Bluegreen (Egyptian Ministry of Agriculture), Super Biomin (Egyptian Ministry of 
Agriculture) and  Chitocare (kemiamasr company) compared with the control (spray with water only) 
on growth, yield and chemical content of lettuce plants .Ascobin (1)  consists of ascorbic acid + citric 
acid (38 %) and organic matter (62 %), Power Mix (2) consists of amino acids (21 %), potassium 
citrate (4.5 %), microelements (3.5 %), riboflavin (3 %), cytokinin (0.3 %), gibberllic acid (0.001 %), 
inert ingredients (67.699%), Super Bluegreen (3) is a source of enriched Super blue green compound 
contains organic acids, amino acids, vitamins and auxins which produced from algae, Super biomin 
(4) consists of free amino acids and humic Acid 20%  , Ascorbic Acids  0.001%  ,Thiamine, 
Riboflavin and Nicotinamide and Polysacarides 0.01%,Iron (Fe – chelated)2.5% ,Zinc(Z 
chelated)2%,Manganese(Mn – chelated)1%,Boron(B – chelated) 0.001% ,Copper(Cu – chelated) 0. 
01% ,Molybdenum(Mo – chelated) 0.0001%. Chitocare (5) consists of chitosan oilgomers2.5%, N 
(1000ppm), P2O (500ppm), K2O (500ppm) Zn (100ppm), Fe (100ppm), Cu (50ppm).  

Seeds of head lettuce (Lactuca sativa L.) cv.Chose were cultivated in a foam trays of 209 holes 
in a media consisting of peatmoss and vermiculite 1:1. Trays were wetted and warmed under plastic 
sheet for three days, then kept under plastic tunnel. The seedling were sprayed with N-P-K (19:19:19) 
weekly till the seedlings become appropriate for transplanting (after 40 days from cultivation). The 
trials were performed in a clay soil using drip irrigation. Chemical properties of the experimental soil 
were analyzed and the results are shown in Table 1. 
 
Table 1: Chemical analyses of  the experimental soil in 2013/2014 and 2014/2015 
 Season pH EC 

ds/m 
Cations meq Anions meq/l 

Ca++ Mg++ Na+ K+ CO3
- HCO3- Cl- SO4= 

2013/2014 7.97 0.83 1.3 0.4 2.3 0.5 0.14 1.2 3.1 4.2 
2014/2015 7.8 1.0 1.6 0.8 3.4 0.7 0.27 2.0 2.8 3.8 

 
Based on soil analysis (Table 1), 40 kg N, 40 kg of P2O5 and 25 kg of K2O were added to the soil 2 
weeks before transplanting. The soil was plowed and disked and flat beds formed for transplanting. 
Transplants were selected for uniformity in size for planting. The plot area was 10 m2( 10 m in length 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=ascorbic+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
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and 1 m in width) every plot consisted of 1 line of drip irrigation.The cultivation was on both sides of 
the line of drip irrigation, 25 -30 cm apart between plants, with about 60 plants in every plot. Pest 
control and other agricultural practices, such as weed control were done as commonly recommended 
in the commercial head lettuce production. Treatment materials were foliary, at a rate of 1 g·L−1, by 
knapsack sprayer to 30, 40 and 50 day-old lettuce plants. The experiment was arranged in a complete 
randomized block design in three replicates. Harvesting was carried out after 82 and 85 days from 
transplanting in the first and second season, all plants from each treatment were harvested to 
determine growth and chemical analyses.  
 
Growth, quality and yield 

A random sample of ten head lettuce plants was taken from each plot to investigate the head 
height, head diameter, head fresh weight, and yield/ m2 and total yield/ feddan. Chlorophyll content, 
total soluble solid (TSS) and firmness were determined on the same sample of lettuce. Chlorophyll 
content was measured in the field using a Minolta SPAD-502 meter (Spectrum Technologies Inc., 
Plainfield, IL. Mad in Japan), TSS were measured using Digital Refractometer SR-95(United 
Kingdom) while, the firmness were measured using Force Gauge Model M4-200(USA)1 mmdiameter 
flat probe.  

 
Evaluation of head color 

Among the several existing color scales, CIELAB color space is a three -dimensional spherical 
system was defined by three colorimetric coordinates by using Minolta Chroma Meter (USA). The 
coordinate L* is called the lightness. The coordinate a* defines the deviation from the achromatic 
point corresponding to red when it is positive and to green if negative. Similarly, the coordinate b* 
defines the turning to yellow if positive and to blue if negative. Five lettuce heads from each plot were 
taken to measure the color values. Three reading were taken from each head from three places and 
then the average was calculated. 

 
Chemical analysis 

Determination of N, P and K were carried out on dry materials of plants which were digested 
using sulfuric acid, salicylic acid and hydrogen peroxide according to linder (1944). Nitrogen was 
determined using the micro-kejeldahlapparotus of Parnos – Wagner as described by Van 
Schouwenburg and Walinga (1978). Phosphorus was estimated colorometically by using 
chlorostannous reduced molybdophosphoric blue color method according to Chapman and Parker 
(1961). Potassium was determined using the flame photometer according to the method described by 
Brown and Lilliland (1964). Ethanol extracts of fresh materials were used for the determination of 
total sugars, total free amino acids and total soluble phenols. Total sugar was determined by using the 
phenol-sulphuric acid method (Dubois et al., 1956). Total free amino acids were determined by using 
ninhydrin reagent according to Moore and Stein (1954). Total soluble phenols were estimated using 
the Folin-ciocalteau colorimetric method (Swain and Hillis, 1959).    

The experiment was arranged in complete randomized blocks design for analysis all data with 
three replications for each parameter. The treatment means were compared with least significant 
difference (L.S.D.) test as given by Snedecor and Cochran (1994) by used MSTATC program 
(version 2.1). 

 
Results 

 
Plant growth characters 

Data presented in Table 2 show that all vegetative growth parameters such as height (cm), head 
diameter (cm), and fresh weight (g) were significantly influenced by different foliar spray treatments 
compared with those of the control (foliar spray with tap water) during both seasons. The highest 
values of head height were 13.67and 16.95 cm for ascobin in first season and superbiomin in the 
second season compared with the control treatment. There were no significant differences among 
ascobin, power mix, super blue green and super biomin on head height in the first season, while, in 
the second season the super biomin and power mix produced the significant highest head highet 
compared to all other treatment. Generally, super biomin had the highest head diameter (14.22 and 
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10.52 cm and fresh weight (993.32 and 718.93 g) respectively during both tested seasons. The lowest 
values of all vegetative growth parameters were found in control plants. 

 
Table 2:  Effect of some biostimulants on head height (cm), head diameter (cm) and fresh weight (g) 

of  head lettuce plants during 2013/2014 and 2014/2015. 
Treatments Head   height (cm) Head  diameter (cm) Fresh weight (g) 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 
Control 11.020.840 12.700.43 12.290.478 9.370.31 573.4462.30    559.7731.7 

Ascopin 13.670.240 14.580.58 12.620.897 9.470.44 503.5750.37 534.1549.4 

Power Mix 12.500.251 16.500.5 12.330.693 10.200.3 682.7025.27 665.4476.2 

Super Blue green 12.550.516 14.871.2 13.940.241 10.501.3 810.1964.16 547.4535.5 

Super Biomin 12.720.474 16.950.47 14.220.11 10.520.03 993.3284.16 718.9330.5 

Chitocare 11.040.374 12.550.4 12.720.839 9.470.44 814.4976.67 634.9360.9 

L.S.D. at 0.05     1.64     1.59     1.53      N.S    204.9      130.5 

 
Head quality 

Concerning the firmness, data in Table 3 indicated that spraying plants with Chitocare 
recorded the highest firmness in both seasons  with values of 3.8 and 5.70 respectively. Regarding to 
the effect of foliar spray with some biostimulants on total soluble solids (TSS %), the highest values 
was 2.93% at the first season and 2.85 % at the second season for Super Biomin treatments. 
Chlorophyll content (SPAD reading) was significantly increased by spraying lettuce plants with 
Ascopin (19.63 and 23.74) as compared with control plants(10.88 and12.50) in both seasons. 
 
Table 3: Effect of some biostimulants on head firmness, T.S.S content % and chlorophyll content 

(SPAD reading) of  head lettuce plants during 2013/2014 and 2014/2015. 
Treatments firmness T.S.S. (%) Chlorophyll Content 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 
Control 2.190. 3.730.27 2.40 1.780.10 10.88 13.501.8 
Ascopin 2.330.120 3.560.29 2.850.033 2.280.15 19.630.520 23.740.33 
Power Mix 2.770.176 4.520.31 2.570.145 1.900.10 15.971.21 17.050.99 
Super Blue green 2.590.080 4.320.02 2.660.115 2.570.29 12.190.984 16.852.0 
Super Biomin 3.070.293 4.850.17 2.930.242 2.850.08 14.003.855 10.021.40 
Chitocare 3. 800.326 5.700.94 2.670.159 2.570.24 11.40.856 17.741.7 
L.S.D. at 0.05 N.S 1.16 0.52 0.55 4.74 5.15 

 
Color measurement  

Data in   Table 4 indicate that lettuce color is light green especially using Super Biomin.  b* 
values  ranged from 26.73 to 30.20 (medium green color) and there  was not  significant  differences 
among treatments .The highest value of L (lightness) was obtained with spraying the plants with tap 
water (control) followed by chitocare in the first season. While in the second season lettuce plants 
become more lightness with super biomin. The ratio of  a/b value indicated that lettuce plants were 
turned to yellowish green color (Fig. 1). 
 
Table 4: Effect of some biostimulants on color measurements *(a, b and L) during 2013/2014 and 

2014/2015. 
Treatments a b L 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 
Control 15.480.34 -12.531.29 30.201.17 21.952.23 69.781.27 63.103.1 
Ascopin 15.570.63 -14.180.22 29.370.94 25.000.35 59.601.01 60.701.4 
Power Mix 16.660.52 -16.581.34 30.151.31 26.482.11 64.411.75 64.371.5 
SuperBlue green 15.110.97 -15.880.67 28.881.77 27.430.59 64.841.81 63.651.3 
Super Biomin 13.670.99 -14.511.0 26.731.52 24.921.61 66.994.32 66.732.0 
Chitocare 15.110.14 -15.270.74 28.470.37 25.470.92 68.242.23 66.001.72 
L.S.D. at 0.05 2.22 2.83 N.S 4.37 7.02 N.S 
*Means of 15 heads per treatment using Minolta Chroma Meter CR- 400.(L= lightness, a= red to green, b=yellow to blue)  
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Fig .1: Effect of some biostumilants on a/b value of head lettuce 

 

Chemical composition 

Biostimulants foliar spray affected the nutrient concentration of lettuce leaves (Table 5). 
Nitrogen and P % were significantly higher with the foliar application with Super biomin and Ascopin 
respectively than the control treatment with no significant difference between them. On the other 
hand, foliar application of   Super blue green recorded the highest K% without any significant 
difference with Ascobin. The lowest N and P % was recorded in Chitocare treatment, while the lowest 
K was recorded in control treatment. 
 
Table 5:  Effect of some biostimulants on chemical composition of head lettuce plant during                   

2013/2014 and 2014/2015. 
Treatments N (mg.g-1 D.W) P (mg.g-1 D.W) K (mg.g-1 D.W) 

2013/2014 2014/2015 2013/2014 2014/2015 2013/2014 2014/2015 
Control 0.1700.01 0.170.01 9.23  0.83 11.521.41 1.340.07 1.240.14 
Ascopin 0.1980.04 0.200.03 25.81.5 22.331.15 1.860.29 1.860.23 
Power Mix 0.1730.02 0.180.01 6.431.8 7.830.84 1.630.01 1.460.12 
Super Blue green 0.1590.01 0.160.01 17.22.8 16.31.62 1.970.29 1.900.23 
Super Biomin 0.2550.03 0.250.03 23.30.88 23.81.8 1.810.03 1.740.06 
Chitocare 0.1300.01 0.1340.0 5.001.8 5.601.1 1.770.09 1.550.04 
L.S.D. at 0.05 0.078 0.073 5.870 4.478 0.607 0.509 

 
Chemical analysis of heads showed differences in some measured parameters (Table 6). The 

highest values of total soluble phenols concentration were recorded by using Ascopin ,Chitocare and 
Super Biominin  in both seasons without any significant difference among them. On the contrary, the 
lowest amount of total soluble phenols concentration was found by Power Mix. The results of this 
study showed that the highest total soluble sugar was found in  lettuce plants treated with chitocare in 
both seasons compared to the control treatment. Positive influence of Ascobin treatment on total free 
amino acids were recorded in both seasons. Lettuce plants treated with Ascopin had significantly 
higher total free amino acid concentration compared with untreated plants.  .On the other hand,the 
foliar spray of Super Bromin, Power Mix and Chitocare  had  the lowest total free amino acids 
concentration. 
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Table 6: Effect of some biostimulants on Chemical composition of head lettuce plants during 
2013/2014 and 2014/2015.  

Treatments Total phenols 
(mg.g-1 D.W) 

Total soluble sugar 
(mg.g-1 D.W) 

Total free amino acids 
(mg.g-1 D.W) 

2013/2014 2014/2015 2013/2014 2013/2014 2013/2014 2014/2015 
Control 6.000.57 6.330.52 0.2170.08 0.2120.08 0.0230.003 0.0230.005 
Ascopin 8.930.23 8.830.61 0.3990.01 0.4090.01 0.0800.03 0.0800.06 
Power Mix 4.970.21 4.700.45 0.2980.09 0.3190.09 0.0160.00 0.0160.00 
Super Blue green 6.531.7 6.271.5 0.2350.16 0.2210.13 0.0230.00 0.0230.00 
Super Biomin 7.870.35 8.670.35 0.3070.01 0.3140.03 0.0120.00 0.0120.00 
Chitocare 8.671.0 8.831.3 0.5080.00 0.5150.04 0.0170.00 0.0170.00 
L.S.D. at 0.05 2.950 3.007 0.282 0.266 0.046 0.046 

 
Yield 

Total yield was significantly influenced by different spraying treatments. The results of 
current experiment indicated that Super biomin affected positively total yield. It has the similar trend 
of the head height, head diameter, fresh weight and TSS% parameters. The highest total yield 
(ton/feddan) and yield kg /m2 of the lettuce plants  were obtained from the plants treated with Super 
biomin compared withcontrol treatment which recorded 23.88 and17.28 ton/ feddan in the first and 
the second seasons,respectively (Fig. 2 and 3). This incresment in the yield may be a result of 
increasing vegetative growth parameters of lettuce for same treatment (Table 2). 

 

 
Fig.2: Effect of some biostimulants on lettuce yield (kg/m2 ) during 2013/2014 and 2014/2015. 

 

Fig.3: Effect of some biostimulants on lettuce yield (ton/feddan) during 2013/2014 and 2014/2015. 
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Discussion 
 

Enhancement values in growth parameters of lettuce plants by using different type of foliar 
spraying were presented in Table 2. Super biomen treatment stimulated growth characteristics that 
were significantly highest compared to all other treatments. Super biomin significantly increased head 
diameter and height, fresh weight (Table 2), TSS (Table 3) as well as N, P, and K content (Table 5) 
over the control.  Our results showed that the super biomin treatment significantly increased 
absorption of the macro element (Table 5)  and it led to exceeded growth parameter, and consequently 
the yield of lettuce plants (Fig 2 and 3). This application exceeded the yield ton/feddan 67.8-77.9 % 
compared to control treatment (foliar spray with tap water) in both season.  

The positive effect of Super biomin for growth parameter might be due to the dual effect of 
humic acid and amino acid as well as ascorbic acids, thiamine, riboflavin and nicotinamide and 
polysacarides, and some macro and micro element as compared with another natural nutrient.   

The effects of  humic acids refer to the amelioration of root nutrition, via different mechanisms. 
One of them is the increasing uptake of macro- and micronutrients, another important contribution of 
humic acids to root nutrition is the stimulation of plasma membrane H+-ATPases, which convert the 
free energy released by ATP hydrolysis into a trans-membrane electrochemical potential used for the 
import of nitrate and other nutrients (Jardin 2015). Besides nutrients uptake, proton pumping by 
plasma membrane ATP ases also contributes to cell wall loosening, cell extension and organ growth 
(Jindo et al., 2012). The humate effect on lettuce growth promotion had corollary benefits, such as 
improve yields, number of leaves in which crops (Hernandez et al., 2015). The foliar spraying with 
humic acid and some biostimulants improved plant growth, fruit set and led to positive effect of 
cucumber production (El-Nemr et al., 2012). Fernandez-Escobar et al. (1999) reported that, foliar 
application of leonardite extracts (humic substances extracted) stimulated shoot growth and promoted 
the accumulation of K, B, Mg, Ca and Fe in leaves of what under field condition.  Foliar application 
of humic acid enhances nitrogen use efficiency because it is effective at ameliorating the leaf 
intervenal chlorosis that occurred during early growth stages of seedlings and thus enhances yield. 
Bozorgi et al. (2012) reported that foliar application of humic acid at 60 mg/L enhanced yield of 
cucumber when they studied the effect of nitrogen fertilization on seed yield. 

Amino acids have been shown to play multiple roles as biostimulants of plant growth (Calvo et 
al., 2014; duJardin, 2012, Halpern et al., 2015). It has direct effects on plants included modulation of 
N uptake and assimilation by the regulation of enzymes involved in N assimilation and of their 
structural genes and by acting on the signaling pathway of N acquisition in roots. Also, by regulating 
the enzymes of TCA cycle, they also contribute to the cross talk between C and N metabolisms. 
Hormonal activities are also reported in complex protein and tissue hydrolysates (Colla et al., 2014). 
In this respect our results are agreement with Tantawy et al. (2009) who reported that amino acid 
increased the plant high fresh and dry weight yield of tomato plants as compared with control. Also 
EL- Tantawy (2009) found that spraying plants with aminofort increased the growth parameter and 
yield. The simulative effect of aminofort may be owed to contents of amino acid and mineral element. 
Waller and Nowaki (1978) suggested that the pronounced effects of amino acids on plant 
development and yield might be due to the regulatory influence on enhancing production of 
gibberellins in plant tissues.   

Ascobin increased chlorophyll content (Table 3) as well as phenols and amino acid content 
(Table 6) in both seasons. The increase of chlorophyll content may be attributed to the positive effect 
of citric acid and ascorbic acid. Vitamin C (ascorbic acid) pits as coenzyme reaction by which poly 
sccharaide, fats and protein. Ascorbic acid is an abundant material of plants. It participates in a variety 
of processes including photosynthesis, cell wall development and cell expansion (Patel et al., 2017). 

Hathout et al. (1993) on tomato and Salem et al. (2000) on sugar beet, found that ascorbic acid 
increased chlorophyll a, b, total chlorophylls and attributed this to stimulation the biosynthesis of 
chlorophylls .Foliar application of Oraset-x followed by Setter-2 were more effective in increasing 
plant height ,chlorophyll content and number of branches/plant compared with all other treatments . 
This increase may be due to the content of those materials of ascorbic acid, citric acid (Nosser 2011). 
Midan and Sorial (2012) found that, ascorbic acid caused increased total chlorophyll, total 
carbohydrates, total phenols.  
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Chetocare increased firmness, phenols and total soluble sugar content of lettuce heads in both 
seasons (Table 3 and 6).  The increasing of head firmness with spraying of chitocare   may be due to 
chitosan that is the main component in chetocare.Chitosan can lead to the induction of plant defense 
enzymes, and the synthesis of secondary metabolites, for example polyphenolics, lignin, flavonoids, 
and phytoalexins observed in many plant species treated with chitosan such as butter lettuce (Lactuca 
sativa L.) and tomato (Solanum lycopersicum L.) (Złotek et al., 2014).The effects of chitosan as a 
main constituent of Chetocare were discussed by many researcher, they reported that using chitosan as 
foliar application improved the vegetative growth, yield and quality of some vegetable crops (Abdel-
Mawgoud et al., 2010; Ghoname et al., 2010 and Fawzy et al., 2012). 

In poor soil and when nutrition is deficient, use of biostimulants containing humic acid, amino 
acids, algae extract, and microelements could improve yield and quality of lettuce plants 
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