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ABSTRACT 
 
 Two field experiments were carried out in two successive seasons of 2009/2010 and 2010/2011 at private 
farm in Berkash, Giza Governorate, Egypt, to study the effect of foliar application of some bio-stimulants, 
Amino acids, Seaweed extracts and Chitosan on growth,  total yield, quality and some chemical constituents of 
Chinese garlic plants. Results showed that foliar spraying of Chinese garlic plants with bio-stimulants especially 
amino acids compound had a significant effect on vegetative growth, yield and quality. Moreover it could be 
concluded that foliar spraying of amino acids at rate of 3 cm/L let to obtain the highest values of vegetative 
growth, yield and  its quality of Chinese garlic plants. 
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Chemical composition. 
 
Introduction 
 
 Garlic is the foremost alliaceous vegetable plant and one of the main vegetable crops grown in Egypt. In 
addition to its medical value, it has been used in flavor, soup, sausage and salad. Egypt occupied the fourth 
country in world for garlic production (301270 ton) in 2008 according to the Egyptian statistics of Ministry of 
Agriculture. The “Chinese” cultivar formed a good bulb and produced high yield as well as quality. Whereas, 
the total production is increased slowly in past few years, so, the garlic bulb yield could be enhanced by 
improving the agriculture treatments. However, advances and improvement in this trend must be continued and 
more environmental friendly production must be followed. Some environmental-friendly products that has been 
widely used in agricultural applications. The current global scenario firmly emphasizes the need to adopt eco-
friendly agricultural practices for sustainable agriculture. Recent attention has been given to decrease pollution 
practices in modern agriculture. One of the ways to reduce soil pollution is the use of bio-stimulants compounds.                             
 Chitosan is a natural biopolymer derived by deacetylation of chitin, a major component of the shells of 
crustacea such as crab, shrimp, and crawfish. It is also found in cuticles of insects as well as in the cell walls of 
fungi and some algae (Sanford and Hutchings 1987; EPA 1995 and Sandford 2002) Chitosan has been shown to 
have a potential elicitor of many plant defense responses, including the accumulation of phytoalexins, proteinase 
inhibitors and chitinases (Walker- Simmons et al 1984; Kendra and Hadwiger 1984 and Mauch et al., 1984), 
and lignifications (Pearce and Ride 1982). Its structure and composition is similar to both cellulose and chitin 
(Freepons 1991 and Hadwiger and McBride 2006). Chitosan has a strong positive charge and it attracts 
negatively charged molecules in addition, chitosan treatment stimulates plant growth (Kim et al., 2005) and 
improves storability of post harvest fruits and vegetables (El Ghaouth et al., 1991 and 1992). 
 Amino acids have a chelating effect on micronutrients. When applied with micronutrients, the absorption 
and transportation of micronutrients inside the plant system is easier. This effect is due to the chelating action 
and to the effect of cell membrane permeability. Commercially available amino acid stimulants can improve 
fertilizer assimilation, increase uptake of nutrients and water, enhance the photosynthetic rate and dry matter 
partitioning, and hence increase crop yield. Amino acids are well-known as bio-stimulant which have positive 
effects on plant growth, yield and significantly mitigates the injuries caused by a biotic stresses (Kowalczyk and 
Zielony 2008). Moreover; it is known that, every plant like any organism needs certain components for growth 
over or above soil. The basic component of living cells is protein, which are formed by sequence of amino acids. 
The requirement of amino acids in essential quantities is well known as a means to increase yield and over all 
quality of corps (Sanaa, et al., 2001; Slviero et al., 2001; Attoa et al., 2002; El- Shabasi et al., 2005; Awad et 
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al., 2007; Al-Said and Kamal, 2008; Faten et al., 2010 and Shaheen et al., 2010). Amino acids are the 
fundamental ingredients for the process of protein synthesis. The importance of nitrogen or amino acids came 
from their widely use for the biosynthesis of large variety of non-protein nitrogenous materials i.e., pigments, 
vitamins, coenzymes, purine and pyrimidine bases (Kamar and Omar, 1987). Many Studies have been proved 
that amino acids can directly or indirectly influence the physiological activities in plant growth and 
development. In addition, reported that the foliar application of amino acids caused an enhancement in plant 
growth, fruit yield and its components (Kamar and Omar  1987) on cucumber (El-Shabasi et al.,2005) on garlic 
(Awad et al., 2007) on potato, (Al-Said and Kamal 2008) on sweet pepper and (Faten et al.,2010) on Squash.   
 Crude extracts from seaweeds have been shown to exhibit many bio activities that include bio-stimulant, 
fertilizer and antimicrobial properties. Different forms of seaweed have been reported to produce beneficial 
effects on cereals, pulses and flowering plants (Stephenson, 1974 and 1981; Smith and Van Staden, 1983 and 
1984; Tay et al., 1985; Temple and Bomelle, 1989 and Sekar et al., 1995) as well as some vegetable crops 
(Abdel – Mawgoud et al., 2010 on strawberry and Shehata et al., 2011 on Celeriac plants). The application of 
seaweed extract for different crops was a great importance due to contain high levels of organic matter, micro 
elements, vitamins and fatty acids and also rich in growth regulators such as auxins, cytokinin and gibberellins 
(Crouch and Van Staden, 1992 and 1994). The beneficial effect of seaweed extract application is as a result of 
many components that may work synergistically at different concentrations, although the mode of action still 
unknown (Fornes et al., 2002 and Shehata et al., 2011). 
 The present work aimed to study the effect of some bio-stimulants applied at different rates as foliar 
spraying on growth, yield and its components, as well as the minerals content of Chinese garlic plants grown 
under sandy soil conditions. 
 
Material and Methods 
 
 The present investigation was carried out during the two successive growing seasons of 2009/2010 and 
2010/2011 at private farm in Berkash, Giza Governorate, to study the effect of some bio-stimulants i.e., 
chitosan, seaweed extract and amino acid compounds  on growth, yield and chemical contents of Chinese garlic 
plants. Garlic cloves cv. Chinese was planted on the 15th and 18th October in the first and second seasons, 
respectively. The cloves were sown at 25 cm distances on the two sides of each ridge. Garlic cloves were 
planted in sandy soil and irrigated using drip-irrigation system. Pest control and other agriculture practices were 
applied as commonly recommended for commercial garlic production by Ministry of Agriculture. 
 The experiment included the treatments as follows: 
1- Foliar application with tap water (control). 
2- Foliar application with chitosan at rate of 1cm/L. 
3- Foliar application with chitosan at rate of 2 cm/L. 
4- Foliar application with chitosan at rate of 3 cm/L 
5- Foliar application with amino acid at rate of 1cm/L. 
6- Foliar application with amino acid at rate of 2cm/L. 
7- Foliar application with amino acid at rate of 3cm/L.  
8- Foliar application with seaweed extract at rate of 1 g /L. 
9- Foliar application with seaweed extract at rate of 2 g /L. 
10- Foliar application with seaweed extract at rate of 3 g /L. 
 Amino green, the trade name for amino acids compound and it contains (w/v) total organic acids plus amino 
acids 15%, iron (Fe) 2.9%, zinc (Zn) 1.4% and manganese (Mn) 0.7%, free amino acids, proline, 
hydroxyproline, glycine, alanine, valine, methionine, escaliosin, lysine, cycteine, phenylalanine, serine, 
glutamic, arginine, histidine, lysine and hystiden.  
 A commercial seaweed extract product was used. Seaweed extract  contains N (1%), K (2.5%), Ca (0.17%), 
Mg (0.43%), Fe (0.06%), S (2.2%), Zn 0.99 ppm, Boron 3.87 ppm alganic acids (10-12%) and plant hormones 
(500 ppm). 
 Chitosan (2-Amino-2-deoxy-beta-D-glucosasmine) solution was prepared by dissolving a proper amount of 
Chito–Care®, (an Egyptian commercial product of chitosan), in fresh water. 
 
Time and Method of Application: 
 
 Amino acids were applied as plant foliar spraying at the rate of 1, 2 and 3cm/L. Seaweed extract was 
applied at the rate of 1, 2 and 3g/L, while Chitosan compound was applied at rate of 1, 2 and 3 cm/L. Control 
plants were sprayed with tap water. Spraying treatments were started after two months from planting date and 
every 10 days for 3 times through the growth season. 
 The experimental design was a complete randomized blocks with four replications for each treatment. 



772 
J. Appl. Sci. Res., 8(2): 770-776, 2012 

 After 120 days from planting date, garlic plant samples from the four replicates were randomly taken to 
determine vegetable growth parameters (plant length, number of leaves, fresh and dry weights of whole plant 
and its leaves, neck and bulb). At harvesting stage and after curing period, 15 days later, the total yield per 
feddan as tons were accounted, also the average bulb diameter was recorded. Total nitrogen and phosphorus 
contents were determined using Kieldahl method and colorimetric method using spectrophotometer 
(SPECTRONIC 20D, Milton Roy Co. Ltd., USA), respectively, according to the procedure described by 
Cottenie (1980). Potassium content was measured using flame photometer method (JENWAY, PFP-7, ELE 
Instrument Co. Ltd., UK) as described by Chapman and Pratt (1982). Some micro-elements, i.e. Fe, Cu, Zn and 
Mn were determined using Atomic Spectrophotometer (Phillips) according to Chapman and Pratt (1961).  
 Data obtained were subjected to the statistical analysis according to the method of Gomez and Gomez 
(1984).  
 
Results and Discussion 
 
A. Growth Characteristic: 
  
 The results presented in the Table (1) clearly revealed that, foliar spraying of bio-stimulants chitosan, amino 
acid and seaweed extract  significantly affected all growth characters (plant length, number of leaves  and fresh 
weight of leaves, neck and bulb) in the two seasons of study except for leaves number in the second season only. 
The highest vegetative growth characters were recorded by foliar sprayed with amino acid at rate of 3 cm/L 
except for the fresh weight of neck/plant in both seasons of study. The highest fresh weight of neck/plants was 
recorded by foliar sprayed of seaweed at rate of 3 g/L in the first season and by amino acid at rate of 2 cm/L in 
the second one. Meanwhile, the lowest vegetative growth characters were recorded by control treatment (foliar 
spraying with tap water). These results were true in the two seasons of study. These results may be due to that 
amino green compounds contains more amino acids, vitamins as well as some trace elements. Whereas, the 
previous studies have been proved that amino acids, can directly or indirectly influenced the physiological 
activities of the plants (El-Shabasi et al., al., 2005, Awad et al., al., 2007; Al-Said and Kamal, 2008 and Faten et 
al., al., 2010). 
 
B. Dry Weight Of Plants: 
 
 Data presented in Table (2) obviously showed that, foliar sprayed of bio-stimulants, chitosan, amino acid 
and seaweed extract significantly influenced dry weight of leaves, neck and bulb of Chinese garlic plants in the 
two seasons of study except for dry weight of neck in both growing seasons. The highest dry weight of leaves, 
neck and bulb was recorded by foliar spraying of amino acid at rate of 3cm/L. Meanwhile, the lowest dry weight 
of leaves, neck and bulb was recorded by control. These results were true in the two seasons of study. Amino 
green as a source of amino acids may be playing an important role in plant metabolism and protein assimilation 
which necessary for cell formation and consequently increase fresh and dry mater. However, similar effect and 
findings about amino acids were reported by El-Zohiri and Asfour (2009) on potato and Abo Sedra et al., (2010) 
on strawberry. 
 
C. Total Chinese Garlic Yield And Its Bulb Size:  
 
 The results presented in Table (3) clearly revealed that, foliar spraying of bio-stimulants, chitosan, amino 
acid and seaweed extract had a positive effect on bulb diameter and total yield of Chinese garlic in the two 
seasons of study. The highest bulb diameter and total yield of Chinese garlic bulb were recorded by foliar 
sprayed of amino green at rate of 3cm/L. Meanwhile, the lowest bulb diameter and total yield of Chinese garlic 
were recorded by control treatment. These results were true in the two seasons of study. This superiority might 
be due to that amino green contains many amino acids as well as some trace elements which stimulate and/or 
enhance the metabolism processes in plant tissues. Moreover, the application of amino acid as foliar application, 
could supply the plant organism which promote synthesis of plant organs consequently, it could be summarized 
that, Chinese garlic plants which received amino acids as foliar spraying gained the heaviest bulbs yield. The 
obtained results are in a  some direction with that of Paul et al., 2001; Sanaa et al., 2001; Pourtan, et al., 2004; 
Awad et al., 2007; Al-Said and Kamal, 2008 and Faten et al., 2010. 
 
D. Protein, N, P And K Content: 
 
 Data in Table (4) clearly showed that, foliar spraying of some bio-stimulants, chitosan, amino acid and 
seaweed extract significantly increased protein content, N and P in tissue of Chinese garlic bulb, but it was 
failed to reach of significant in K% in the two seasons of study. Generally, it could be found that, the highest 
amount of protein and nitrogen in tissues of Chinese garlic bulb were found by foliar application of amino green 
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at rate of 3cm/L. On the contrary, the lowest amount of protein and nitrogen were recorded by control treatment. 
The previous data were true in both experimental seasons. The obtained results are in accordance with Al-Said 
and Kamal, 2008 and Faten et al., al., 2010). With regard of P%, the highest amount of P was recorded by foliar 
sprayed of chitosan at rate of 3 cm/L. Meanwhile, the lowest amount of P was recorded by control treatment. 
These results were true in the two seasons of study. With regard of K%, data in Table (4), showed that, the 
highest amount of K% was found by using seaweed extract as a foliar sprayed at rate of 3g/L. On the contrary, 
the lowest amount of K% was found by control. These results held true in the two seasons of study. The effect 
of the seaweed extract might be attributed to the presence of macro and micronutrients and may be due to the 
presence of some growth promoting substances present in the seaweed extract (Mooney and Van Staden, 1985 
and Blunden 1991). 
 
Table 1: Effect of foliar spraying of some bio-stimulants, chitosan, amino acids and seaweed extract on the vegetative growth of Chinese garlic plants in 

seasons of 2009/2010 and 2010/2011. 

Foliar 
spraying 
 

Conc. 
 

Plant 
height 

Leaves 
numbe
r 

Fresh wt. (g/plant)
Total 

Plant 
height 

Leaves 
numbe
r

Fresh wt. (g/plant) 
Total 

Leaves Neck Bulb Leaves Neck Bulb 

2009/ 2010 2010/2011
Tap water Control 55.24 7.25 66.24 13.43 36.43 116.10 52.62 7.50 60.18 12.32 39.32 111.82

Chitosan 
1 cm/L 59.76 7.50 73.12 15.25 49.22 137.56 53.25 7.75 67.13 13.34 47.34 127.81
2 cm/L 62.25 7.75 77.45 15.46 49.76 142.67 62.25 7.75 72.24 13.65 47.82 133.71
3 cm/L 64.25 7.75 79.43 17.07 51.23 147.73 65.50 7.50 74.54 14.56 48.42 137.52

Amino 
acid 

1 cm/L 68.50 8.00 71.23 16.34 49.43 137.00 67.00 8.25 65.31 14.57 46.43 126.31
2 cm/L 69.50 8.25 82.45 22.32 54.26 159.03 70.50 8.50 77.80 15.63 48.22 141.65
3 cm/L 72.75 8.75 90.34 18.54 54.37 163.25 72.25 8.75 81.97 15.92 48.83 146.72

Seaweed 
1 g/L 60.50 7.25 72.34 15.87 48.73 136.94 59.50 7.50 64.62 13.70 46.45 124.77
2 g/L 63.25 7.50 86.42 18.43 49.25 154.10 60.25 8.25 69.20 15.66 46.58 131.44
3 g/L 63.50 7.75 80.24 18.45 50.37 149.06 65.50 8.25 63.34 16.21 47.83 127.38

LSD at 5% 1.87 0.43 1.06 0.49 NS 0.43 1.14 0.68 1.12 1.04 1.05 0.54
 

Table 2: Effect of foliar spraying of some bio-stimulants, chitosan, amino acids and seaweed extract on dry weight of Chinese garlic plants in seasons of 
2009/2010 and 2010/2011. 

Foliar  
spraying 

 

Conc. 
 

Dry  wt. ( g/plant) 
Total 

Dry  wt. (g/plant) 
Total 

Leaves Neck Bulb Leaves Neck Bulb 
2009/ 2010 2010/2011 

Tap water Control 10.33 3.75 13.76 27.84 13.45 4.10 13.22 30.77 

Chitosan 
1 cm/L 13.64 4.53 15.87 34.04 15.43 4.68 16.43 36.54 
2 cm/L 15.73 4.74 16.65 37.12 17.23 5.07 16.82 39.12 
3 cm/L 16.24 5.67 16.86 38.77 18.12 5.24 17.64 41.00 

Amino acid   
1 cm/L 12.72 5.63 15.74 34.09 15.46 4.87 16.33 36.66 
2 cm/L 17.54 5.89 16.76 40.19 18.76 5.74 17.54 42.04 
3 cm/L 18.26 6.43 17.54 42.23 22.23 6.21 19.45 47.89 

Seaweed    
1 g/L 12.65 3.96 15.43 32.04 14.94 4.43 16.34 35.71 
2 g/L 14.23 4.43 15.74 34.40 16.45 4.76 16.44 37.65 
3 g/L 13.10 4.62 16.45 34.17 17.33 5.21 17.28 39.82 

LSD at  5% 0.32 NS 0.75 0.72 1.27 NS 0.84 1.05 
 
Table 3: Effect of foliar spraying of some bio-stimulants, chitosan, amino acids and seaweed extract on the bulb diameter and total yield of Chinese garlic plants 

in seasons of 2009/2010 and 2010/2011. 

Foliar 
spraying 

Conc. 
 

Bulb 
Diameter  (cm) 

Total yield 
(ton/fed.) 

Bulb 
diameter (cm) 

Total yield (ton/fed.) 

2009/ 2010 2010/2011 
Tap water Control 3.34 4.73 3.44 4.53 

Chitosan 
1 cm/L 3.67 5.24 3.89 5.29 
2 cm/L 3.87 5.28 4.30 5.34 
3 cm/L 3.87 5.34 4.54 5.38 

Amino acid   
1 cm/L 3.83 5.26 4.20 5.32 
2 cm/L 4.20 5.36 4.48 5.39 
3 cm/L 4.45 5.51 4.67 5.68 

Seaweed    
1 g/L 3.64 5.23 4.14 5.30 
2 g/L 3.74 5.26 4.36 5.38 
3 g/L 3.88 5.32 4.43 5.41 

LSD at 5% 0.46 0.71 0.64 1.06 

 
 E. Fe, Zn, Cu And Mn Content: 
 
 Data presented in Table (5) indicated that, all bio-stimulants applied as a foliar spraying have positive 
effects on Fe, Zn, Cu and Mn content of bulb tissues of Chinese garlic it compared to the control treatment. 
Furthermore, the highest amount of Fe and Zn was recorded by foliar sprayed of chitosan at rate of 3cm/L. 
Meanwhile, the highest amount of Cu and Mn was found by foliar sprayed of amino acid at rate of 3 cm/L. On 
the other hand, the lowest amount of Fe, Zn, Cu and Mn was found by foliar sprayed with tap water (control). 
These results are true in the two seasons of study. The obtained results are in harmony with those of Al-Said and 
Kamal 2008 on sweet pepper and Faten et al., 2010 on Squash.  
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Table 4: Effect of foliar spraying of some bio-stimulants, chitosan, amino acids and seaweed extract on protein, N, P and K% in tissues of Chinese garlic bulb in 
seasons of 2009/2010 and 2010/2011. 

Foliar  
spraying 

 

Conc. 
 

Protein 
% 

Protein 
% 

N P K N P K 
2009/ 2010 2010/2011 

Water Control 5.54 2.54 0.17 1.65 5.67 2.58 0.15 1.74 

Chitosan 
1 cm/L 5.84 2.63 0.21 1.68 5.93 2.65 0.19 1.77 
2 cm/L 5.97 2.67 0.23 1.70 6.44 2.68 0.22 1.79 
3 cm/L 6.34 2.71 0.25 1.72 6.68 2.74 0.25 1.82 

Amino acid 
1 cm/L 6.32 2.68 0.19 1.71 6.68 2.76 0.18 1.81
2 cm/L 6.98 2.74 0.20 1.73 6.76 2.82 0.18 1.79 
3 cm/L 7.68 2.85 0.21 1.72 6.89 2.86 0.20 1.80 

Seaweed 
1 g/L 6.78 2.73 0.19 1.71 6.45 2.76 0.17 1.79 
2 g/L 7.23 2.78 0.19 1.69 6.67 2.78 0.20 1.81 
3 g/L 6.68 2.78 0.20 1.75 6.82 2.81 0.21 1.84 

LSD at  5% 0.34 0.04 0.02 NS 0.46 0.07 0.04 NS 
 
Table 5: Effect of foliar spraying of some bio-stimulants, chitosan, amino acids and seaweed extract on Fe, Zn, Cu and Mn in tissues of Chinese garlic bulb in 

seasons of 2009/2010 and 2010/2011. 

Foliar spraying 
 

Conc. 
 

ppm ppm 
Fe Zn Cu Mn Fe Zn Cu Mn 

2009/ 2010 2010/2011 
Water Control 0.68 12.24 10.65 11.35 0.64 13.43 11.23 13.45 

Chitosan 
1 cm/L 0.72 13.53 11.60 13.65 0.73 14.65 12.62 15.82 
2 cm/L 0.79 13.76 12.32 14.65 0.81 14.98 13.43 16.45 
3 cm/L 0.86 15.75 13.54 15.48 0.88 15.84 13.83 16.74 

Amino acid 
1 cm/L 0.74 13.83 12.43 13.87 0.77 14.56 13.73 15.65 
2 cm/L 0.80 14.65 13.92 15.32 0.81 15.23 14.54 16.34 
3 cm/L 0.76 13.92 14.56 17.43 0.79 15.34 15.43 18.42 

Seaweed 
1 g/L 0.75 12.62 12.32 13.86 0.74 13.67 13.74 14.65 
2 g/L 0.82 13.14 12.87 14.74 0.83 14.54 13.93 15.10 
3 g/L 0.82 13.56 13.65 16.10 0.84 15.82 14.63 15.56 

LSD at  5% NS 0.06 0.23 0.34 NS 0.07 0.17 0.36 

 
Conclusion: 
 
 It could be recommended that all bio-stimulants applied have positive promoting effects on growth of 
Chinese garlic plants by providing supplemental doses of these bio-stimulants. Also obtained results of the 
present investigation indicated that, foliar application of amino acid, stimulated most of vegetative growth 
characters and some chemical compounds which led to producing higher total yield of Chinese garlic plants. 
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