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ABSTRACT  
 
     The application of bio-stimulants could be considered as a good production strategy for obtaining high yields of 
nutritionally valuable vegetables with lower impact on the environment. Two field experiments were conducted at El-
Baramoun farm, Mansoura Horticulture Research Station during late hot summer seasons of 2012 and 2013, to study the 
improving productivity of tomato (Lycopirsecon esculentum, Mill) cv.888 using some safe and natural agents i.e., yeast, 
sea weeds extracts, vitamin E and C, as well as Marjoram oils and Tangerine oils. The results showed that, tomato plants 
which foliar spraying yeast extract resulted highest vegetative growth characteristics i.e. plant height, number of shoots 
and leaves, dry weight and leaf area in both seasons of this study and leaf chlorophyll content as well as reproductive 
factors expressed as fruits number and weight per plant as well as N and TSS%. On the other hand, foliar spray by 
Vitamin C produced the highest values of total yield ton/fed. and leaf area in the second season only. However, 
Marjoram oils at 2.5 ml/L for each in 2012 season and yeast extract at 50 ml/L in 2013 season were more superior in 
increasing chlorophyll a content. But, chlorophyll b content was more pronounced with vitamin E at 20 mg/L in 2012 
season followed by yeast extract in 2013 season. In addition, sea weeds extract at 2.5ml/L recorded the highest 
percentages of phosphorus in both seasons, while vitamin C gave the highest percentages of potassium in 2012 and 2013 
seasons respectively. Also, Calcium percentage was more superior with sea weeds extract in the first season and yeast 
extract in the second season. 
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Introduction 
 

Tomatoes (Lycopirsecon esculentum) are one of the most important vegetable crops around the world in terms 
of human consumption, and they are also the most popular garden vegetable. However, one of the main problems facing 
tomato production in Egypt is the intensive application of chemical fertilizers causing damage to the soil ecology and 
agricultural systems (Villarreal-Sánchez et al. 2003).    
     Positive influence of bio-stimulant treatment on yield parameters was observed overall increase in pigment content of 
leaves after bio-stimulants application agrees well with better total and commercial yields of treated vegetable cultivars 
in comparison with their controls. Our results showed that natural bio-stimulants positively influence vegetable plant 
growth and total yield and quality of plants. In addition, bio-stimulants improved antioxidant activity, vitamin C and 
higher pigment levels in leaves of vegetables compared to non-treated plants. Thus, the application of bio-stimulants 
could be considered as a good production strategy for obtaining high yields of nutritionally valuable vegetables with 
lower impact on the environment Sazetak (2011). In the same respect, bio-stimulants able to promote vegetative growth, 
mineral nutrient uptake and improve the productivity of many plants (Fayad, 2005; Fathy et al, 2008; Hassan et al 2008 ; 
Amal et al 2010;. Sarhan 2011, Hernández et al 2013, Hassan et al 2013 and Shafeek et al 2014).                                                                                               
      Liquid extracts obtained from seaweeds have gained importance as foliar sprays for several crops Thivy, (1961) and 
Bokil, et al (1974) because the extract contains growth promoting hormones (IAA and IBA), cytokinins, trace elements 
(Fe, Cu, Zn, Co, Mo, Mn and Ni) as well as vitamins and amino acids (Zodape et al. 2011).Aqueous extract of 
Sargassum wightii when applied as a foliar spray on Zizyphus mauritiana showed an increased yield and quality of 
vegetable crops (Rama Rao 1991). Applying seaweed extract increased the response of different growth parameters and 
yield responses of Watermelon Abdel-Mawgoud et al (2010). In the same respect, Shehata et al (2011) on Celeriac 
plants, Fawzy et al (2012) on Chinese garlic plants and Hernández et al (2013) found that foliar spraying of seaweed 
extract obtain the highest values of vegetative growth, yield and its quality. 
        Brewer’s yeast is one of the richest source of high quality protein, namely the essential amino acids like lysine, 
tryptophan etc., contains the essential minerals and trace elements, namely calcium, cobalt, iron etc. and the best sources 
of the B-complex vitamins such as B1, B2, B6 and B12. The extract is a valuable source of bio-constituents especially, 
cytokinins Amer (2004), that work as a readily available growth supplement for plants that eventually improve plant 
production especially; when sprayed on green bean plants (El-Tohamy and El-Greadly 2007 and Kamal and Ghanem 
2012. In the same respect, foliar application of yeast extract and ascorbic acid increased vegetative growth of eggplant 
(El-Tohamy et al., 2008). Also, Abou El-yazied and Mady (2012) found that yeast extract stimulated growth and total 
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yield.  However, Marzauk, et al (2014) found that the highest values of broad bean plant growth criteria expressed as 
plant length, number of leaves and branches as well as fresh and dry weight of leaves, branches and whole plant and the 
highest values of total pods yield and different organs and the content of nitrogen and protein % in seeds tissues were 
recorded when sprayed by high level of yeast extract (6 ml/L) with high level of vitamin E (1000ppm).                                                                                                                          
      The application of ascorbic acid and vitamin E may have a stimulatory effect on plants, for example, its application 
caused significant increases in growth parameters and total yield of tomato during the cold season (Castro, et al 1988). Its 
application caused significant increases in growth parameters and total yield of tomato during the cold season (Abdel-
Halim, 1995). Similar results were found on other plants (Helal et al., 2005 and El-Banna et al., 2006,). However, 
Shafeek, et al (2013) on vitamins C and E found significantly increasing Lettuce growth and total yield and its leaf 
contents of nutritional values. Moreover, Shokr, et al (2014) reported that foliar spraying of ascorbic acid improving 
vegetative growth and yield and its attributes, as well as pod soluble solid substances (S.S.S) and pigments constituents 
of leaves and pods of snap bean plants compared with untreated control (tap water) in both seasons. On the other hand 
Shalaby and El-Ramady (2011) found that vitamins do not help to increase the growth rate in tomato plant and in the 
tomato fruit. Results also reveal an increase in N, P, Ca and Zn levels in the tomato fruits.      
      Limonene oils, Garlic oil, Marjoram oils and Tangerine oils is a natural product with anti-oxidative, antibiotic, anti-
viralic and antifungal activities Curtis et al (2004). Is one of the essential oils families that have an antimicrobial effect 
without any toxic residue El-Mougy (2009). It has improves the availability of soil nutrients and slows down the growth 
of plant antagonists Konkov and Kiram (1988). Many investigations found the favorable effect on plant growth and 
productivity on many plants, i.e., squash Helmy (1992) and Shafshak et al (2004). In the same respect,                                                                                                 
Limonene oil possesses an antioxidant effect by inhibiting lipid peroxidation Amal et al (2010). In addition, Akhauri and 
Yadova (1999) reported that, natural limonene oil has a remarkable effect on plant growth, not only due to the 
antioxidant ameliorative effect, but also due to the insecticidal protective effect. Moreover, many studies indicated that, 
foliar spraying with limonene oil increases fresh and dry weight of plant, pod setting and total yield Fathy and Kheder 
(2005) and Fathy et al (2008).                                            
      Therefore, the aim of the present study was to evaluate the influence of foliar spraying of some natural bio-stimulants 
materials as alternatives to the synthetic stimulants, on growth, yield and frut quality of tomato plants.                                         
 
Materials and Methods 
 
      Two field experiments were conducted at El-Baramoun farm, Mansoura Horticulture Research Station during late 
hot summer seasons of 2012 and 2013, to study improving productivity of tomato (Lycopirsecon esculentum, Mill) 
cv.888 using some safe and natural agents i.e., yeast, sea weeds extracts, vitamin E and C, as well as marjoram oils and 
tangerine oils) .Tow experiments each included seven treatments as follows: 

1-Control treatment (spray only with tap water) 
2-Yeast extracts (50 ml/L) 
3-Sea weeds extract (2.5 ml/L) 
4-Vitamin C (150 ml/L) 
5-Vitamin E (20 ml/L) 
6-Marjoram oils (2.5 ml/L) 
7-Tangerine oils (2.5 ml/L). 

      A commercial seaweed extract product “Alga 600” (Techno green company) mixed of three seaweed viz., 
Ascophyllum nodosum, Laminaria spp and Sargassum sp. Seaweed extract also contains N (1%), K (18.5%), Ca (0.17%), 
Mg (0.42%), Fe (0.06%), S (2.2%), alganic acids (10-12%) and plant hormones (600 ppm).  
      Yeast extract was prepared from brewer’s yeast ( saccharomyces cerevisiae), dissolved in water followed by adding 
sugar at a ratio of 1: 1 and kept 24 hours in a warm place for reproduction according to the methods of  Morsi et al 
(2008). Chemical analysis of activated yeast is shown in Table (1): 
 Commercial natural Marjoram oils and Tangerine oils were obtained from El-Gomhoria Company for chemicals. At 
May during the two seasons, tomato transplants at 45 day after sowing were transplanted at 30cm apart on one side of 
ridge 3.5 m long and 1m width; experimental unit area was 10.5 m2. A complete randomized blocks design in three 
replicates was adopted in both experiments. Plants sprayed four times with different assigned treatments, the first one 
was at 20 days after transplanting and repeated each 10 days. Also air temperature during the two seasons of this work is 
presented in Table (2). 
 
Experimental parameter:- 
 
      Three plants from each treatment were randomly taken at 65 days after transplanting and the following data were 
recorded: plant height, number of shoots and leaves per plant, leaf area per plant and dry weight per plant.  Chlorophyll a 
and b were determined as described by Wettstein (1957). Also nitrogen was determined in dry matter of leaves at 65 days 
after transplanting by using wet digestion according to Pepper (1947), using microkjeldahl (Horneck and Miller, 1998). 
Phosphorus was determined calorimetrically according to Sandell (1950). Potassium was determined according to 
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Horneck and Hanson (1998). Calcium was determined according to Jackson (1967). At harvesting time, fruit yield 
expressed as number and weight of fruits per plant and ton per fed. were determined. At breaker stage, ten ripe tomato 
fruits/plot were picked and used for determination of TSS% by hand refractomater and vitamin C according to 
A.O.A.C.(1990).  
Statistical analysis:-  
      Data were statistically analyzed and the means were compared using the Least Significant Difference test (L.S.D.) at 
5% level according to Snedecor and Cachran (1980). 
 
Table 1: Chemical analysis of activated yeast (mg/ 100g dry weight). 

Minerals  Amino acids  Vitamins  
Total N 7.23 Arginine  1.99 Thiamin  2.71 
P2O5 51.68 Histidine  2.63 Riboflavin  4.96 
K2O 34.39 Isoleiucine  2.31 Nicotinic acid 39.88 
MgO 5.76 Leucine  3.09 Pantothenic acid 19.56 
CaO 3.05 Lysine  2.95 Biotin  0.09 
SiO2 1.55 Methionine  0.72 Pyridoxine  2.90 
SO2 0.49 Phrnylalanine  2.01 Folic acid  4.36 
NaCl 0.30 Theronine  2.09 Cobalamin  153ug 
Fe 0.92 Tryptophan  0.45 Enzymes  
Ba 157.6 Valine  2.19 Oxidase  0.350 
Co 67.8 Glutamic acid  2.00 Peroxidase  0.290 
Pd 438.6 Serine  1.59 Catalase  0.063 
Mn 81.3 Aspartic acid  1.33  
Sn 223.9 Praline  1.53      Carbohydrates    23.20 
Zn 335.6 Tyrosine  1.49 

     
Table 2: Monthly air temperature mean in El-Mansoura during seasons of 2012 and 2013.     

Months 
Air temperature oC 

2012 2013 
Maximum Minimum Maximum Minimum 

May 31.5 17.7 33.9 19.2 
June 34.3 20.1 35.7 22.5 
July 35.5 22.7 36.0 23.3 
August 36.4 22.0 37.5 24.2 
September 32.7 21.2 35.7 22.4 

 
Results and Discussion 
 
Growth characters: 
 

Data presented in Table (3) show the effect of some safe and natural substances (yeast extract, sea weeds 
extract, vitamins C, vitamin E, marjoram oils and tangerine oils) on vegetative growth parameters of tomato plant during 
late summer seasons of 2012 and 2013. It is obviously clear that there were considerable different effects of all 
treatments on vegetative growth parameters. Such data demonstrate that different treatments of this study increased 
vegetative growth characters significantly and yeast extract gave the highest values of plant height, number of shoots and 
leaves, dry weight and leaf area in both seasons of this study, except for leaf area in the second season which gave the 
highest record with vitamin C. The superiority of plants growth in response to the foliar application of yeast extract may 
be attributed to its contents of different nutrients, i.e. (P, K, Mg, Ca, Fe, Ba, Mn and Zn), higher percentage of proteins, 
higher values of free amino acid and vitamins (Table 1) which may play an important role in improving growth and 
controlling the incidence of fungi diseases (Bevilacqua,et al., 2008). These findings are in agreement with the results of 
Abou EL-Yazied and Mady (2012), Kamal and Ghanem (2012) and Marzauk et al (2014) who found that the application 
of yeast extract increased plant growth characters on bean plants. 

 
Chlorophyll and nutrients uptake: 
 
 Data illustrated in Table (4) show a significant increase in photosynthetic pigment contents as a result of 
different applied treatments understudy. Marjoram oils at 2.5 ml/L for each in 2012 season and yeast extract at 50 ml/L in 
2013 season were more superior in increasing chlorophyll a content. However, chlorophyll b content was more 
pronounced with vitamin E at 20 mg/L in 2012 season followed by yeast extract in 2013 season. Data in the same table 
clear that N% was increased due to all applied treatments during both seasons of this study, but this increase did not 
reach to the level of significance at 5% with yeast extract and tangerine oils in 2012 season and vitamin E, marjoram and 
mint oils and tangerine oil in 2013 season. It could be concluded that, Vitamin E are believed to protect chloroplast 
membranes from photo oxidation and help to provide an optimal environment for the photosynthetic machinery (Bosch, 
1995), In addition, P, K and Ca percentages were significantly increased in all applied treatments in both growing 
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seasons. Sea weeds extract at 2.5ml/L recorded the highest percentages of phosphorus in 2012 and 2013 seasons, while 
vitamin C gave the highest percentages of potassium in 2012 and 2013 seasons respectively. The superiority of plants 
growth in response to the foliar  
 
Table 3: Effect of different applied treatments on vegetative growth characters of tomato plants during late summer seasons of 2012 and 2013.                                                        

             
Treatments 

Season 2012 

Plant height (cm) NO. of shoots/plant NO. of leaves/plant 
Dry wt/plant                        
(gm) 

Leaf area 
/plant  (cm2) 

Control (tap water) 51.10 8.33 47.33 39.92 2120.45 
Yeast 82.00    20.67 96.00 100.57 5398.87 
Sea weeds 79.50 11.67 78.67 91.36 4050.19 
Vitamin C 80.33 14.67 84.67 92.68 4713.65 
Vitamin E 79.17 12.67 78.67 95.95 4559.31 
Marjoram oils 78.67 11.33 83.33 94.32 3489.45 
Tangerine oils 79.83 11.00 82.33 92.68 4121.75 
LSD at 5% 5.12 1.76 6.40 8.63 273.15 
Treatments Season 2013 
Control (tap water) 47.67 7.67 41.00 37.86 2055.16 
Yeast 86.17 18.00 102.66 121.38 4632.22 
Sea weeds 81.83 12.00 78.66 98.88 3897.75 
Vitamin C 84.00 13.33 83.33 102.01 4908.53 
Vitamin E 82.17 11.00 80.00 97.49 3224.91 
Marjoram oils 83.00 12.00 81.00 99.13 3498.17 
Tangerine oil 81.83 11.66 80.66 103.88 3114.11 
LSD at 5% 4.94 0.76 4.69 8.39 237.36 

 
Table 4: Effect of different applied treatments on Chlorophyll a and b concentration and chemical composition of tomato plants during late summer 

seasons of 2012 and 2013. 

            Characters 
 
Treatments 

Season 2012 

Chlorophyll A 
(mg/gF.W.) 

Chlorophyll B 
(mg/gF.W.) 

N% P% K% Ca% 

Control (tap water) 2.67 1.23 2.99 0.18 1.83 1.62 
Yeast 4.82 2.70 2.79 0.33 2.61 3.31 
Sea weeds 4.46 2.70 3.15 0.58 2.14 3.33 
Vitamin C 4.73 2.70 3.25 0.49 3.13 3.09 
Vitamin E 3.56 2.71 3.23 0.46 2.64 3.17 
Marjoram oils 4.88 2.60 2.30 0.41 2.50 2.84 
Tangerine oils 3.83 2.44 2.18 0.31 2.96 2.74 
LSD at 5% 0.26 0.11 0.20 0.07 0.62 0.27 
Treatments               Season 2013 
Control (tap water) 2.37 1.28 3.05   0.20 1.75 1.71 
Yeast 4.63 2.39 3.40 0.34 2.62 3.37 
Sea weeds 4.45 2.45 3.15 0.59 2.15 3.23 
Vitamin C 4.39 2.52 3.24 0.48 3.33 3.09 
Vitamin E 3.79 2.44 3.19 0.45 3.10 3.13 
Marjoram oils 4.55 2.64 3.17 0.34 2.58 3.01 
Tangerine oil 2.30 2.30 3.13 0.31 2.58 2.66 
LSD at 5% 0.75 0.22 0.15 0.06 0.66 0.24 

 
application of sea weeds extract may be attributed to the extract contains growth promoting hormones (IAA and IBA), 
cytokinins, trace elements (Fe, Cu, Zn, Co, Mo, Mn and Ni) as well as vitamins and amino acids (Zodape et al. 2011). 
Also, Calcium percentage was more superior with sea weeds extract in the first season and yeast extract in the second 
season. 
 
Total fruit yield and its components: 
 
 Concerning the effect of different applied treatments on fruit yield of tomato grown under high temperature 
condition ( Table 5) reveal that number of fruits/plant, yield/plant and yield as ton/fed  were significantly increased by all 
applied treatments compared with control treatment during late summer seasons of 2012 and 2013. The maximum values 
of number of fruits/plant were obtained with yeast extract in both seasons. The highest values of yield expressed as ton 
per fed. was obtained with vitamin C followed by yeast extract. With regard to tomato fruit quality as affected by 
different applied treatments during late summer seasons of 2012 and 2013, the same table clearly shows positive and 
simulative effects of different applied treatments upon vitamin C and TSS of tomato fruits compared with the control 
treatment. These increases might be attributed to ascorbic acid can play an important role in the regulation of cell 
division, differentiation and enhancement of leaf expansion Noctar and Foyer, (1998) and Soha et al. (2010). These 
results are in agreement with those reported by Smirnoff and Wheelas (2000) on the function and metabolism of ascorbic 
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acid. Blokhina et al (2003) stated that ascorbic acid has a wide range of important functions as antioxidant defense, photo 
protection and regulation of photosynthesis. In the same respect, Shafeek et al (2013) reported that the medium and high 
levels of ascorbic acid (50 or 100ppm) increased the contents of the percentage of nitrogen and total protein in lettuce 
leaves tissues. 
 
Table 5: Fruit yield and quality of tomato plants as affected by different applied treatments during late summer seasons of 2012 and 2013. 

            Characters 
 
Treatments 

Season 2012 

Fruit NO./plant 
Yield/plant                  

(kg) 
Yield (ton/fed) Vit. C (mg/100gfw.) 

T.S.S.         
(%) 

Control (tap water) 13.67 0.71 8.27 17.43 3.30 
Yeast 23.33 1.29 14.77 21.95 4.50 
Sea weeds 22.00 1.15 11.00 20.15 4.27 
Vitamin C 21.67 1.24 16.07 32.75 4.00 
Vitamin E 19.33 1.03 13.23 21.30 4.07 
Marjoram oils 21.67 1.05 10.80 22.30 4.17 
Tangerine oil 21.33 1.06 10.50 21.65 4.37 
LSD at 5% 3.31 0.29 0.80 4.01 0.39 
Treatments Season 2013 
Control (tap water) 12.33 0.65 8.17 17.30 3.27 
Yeast 24.67 1.11 14.07 20.61 4.44 
Sea weeds 24.00 1.28 10.57 21.00 4.19 
Vitamin C 21.00 1.20 15.03 31.40 4.00 
Vitamin E 18.67 1.03 12.30 20.55 4.01 
Marjoram oils 19.33 1.03 10.17 21.06 4.28 
Tangerine oils 22.67 1.13 9.80 21.05 4.25 
LSD at 5% 2.52 0.17 0.98 2.48 0.30 
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