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ABSTRACT  
 

In the present study, the effects of ashwagandha (Withania somnifera), garlic (Allium sativum) 
and onion (Allium cepa) aqueous extracts at three concentrations (5, 10 and 20%) sprayed once or 
twice a week for two months on banana plantlets were investigated. Foliar application of 
ashwagandha aqueous extract twice a week at the concentrations of 10 and 20% had a significant 
effect on increasing plant height, stem girth, leaves and roots number, these results may be due to the 
highest gibberellin (GA3), cytokinin (zeatin) and auxin (IAA) contained in ashwagandha. All plants 
aqueous extract increased banana root length as compared to control, whereas garlic and onion 
extracts at 20% showed a significant increase in root length when plants treated once a week. 
Ashwagandha aqueous extract resulted in maximum average of biochemical constituents in both 
seasons.  
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Introduction 
  
      Banana is an important fruit crop in Egypt, due to its great economic importance as well as 
nutritional value and high availability throughout the year. Recently the use of tissue culture increased 
remarkably, as it is considered one of the modern breeding methodologies for many crops (Khaled et 
al., 2010). The micropropagated plants adequately acclimatized begin rapid growth when they are 
established in field, and they display superior growth and yield than the plants obtained by 
conventional propagation. All parts of the banana plant have medicinal applications: areal parts used 
in cases of hysteria, epilepsy, leprosy, fevers, hemorrhages, acute dysentery and diarrhea; young 
leaves are placed as poultices on burns and other skin afflictions; antifungal and antibiotic principles 
are found in the peel and pulp of fully ripe bananas; norepinephrine, dopamine, and serotonin are also 
present in the ripe peel and pulp; where the first two elevate blood pressure while serotonin inhibits 
gastric secretion and stimulates the smooth muscle of the intestines (Sampath Kumar et al., 2012; 
Imam and Akter, 2011). 

The dependency on the use of inorganic fertilizers as a source of plant nutrients by farmers, 
although their high cost, is further associated with land and soil degradation and environmental 
pollution (Phiri, 2010). Thus, there is continuous need to search for alternative safe natural sources of 
plant nutrients. One of the approaches to reduce soil pollution is the use of bio-stimulants, which have 
become commonly used as a safety nature of plant growth regulators (Kowalczyk and Zielony, 2008). 
The use of natural products in horticultural practices instead of synthetic chemicals is becoming a 
main target for many fruit crop producers, where the world market has been growing rapidly in recent 
years for organic fruit production (Dimitri and  Oberholtzer, 2006). 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 (Parađiković et al., 2011). In the same respect, bio-
stimulants able to promote vegetative growth, mineral nutrient uptake and improve the productivity of 
many plants (Shafeek et al., 2015). Plant bio-stimulants based on natural materials have received 
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considerable attention by both the scientific community and commercial enterprises especially in the 
last two and half decades (Yakhin et al., 2017). 

Secondary metabolite compounds including terpenoids, flavonoids, alkaloids and phenolic 
compounds have a potential as stimulants or inhibitors of plant growth. Secondary metabolites of 
some plants have been reported to have a wide range of bioactivity (Zulfa Zakiah et al., 2017). 
Withania somnifera, commonly known as ashwagandha, is an important medicinal plant that has been 
used in Ayurvedic and indigenous medicine for over 3,000 years (Pandey et al., 2017). Preliminary 
screening tests for phytochemicals showed the presence of flavanoids, steroids, tannins, amino acids, 
saponins, reducing sugars and alkaloids in ashwagandha water extract (Kataria et al., 2011). Onion 
(Allium cepa L.) and garlic (Allium sativum L.), the most well-known species belonging to the allium 
family and commonly used in our daily diet, have been studied extensively for their therapeutic uses 
as antibiotic, antidiabetic, antiatherogenic and anticancer drugs (Augusti, 1996). The sulfur demand of 
the genus allium is related to the synthesis of thiosulfinates (Block et al., 1992). Whatever, progress 
has been made in elucidating the implied routes in the regulation of sulfur in relation to the vegetative 
growth of plants (Hawkesford and De Kok, 2006). Additionally, onion and garlic are characterized by 
more polar compounds of phenolic and steroidal origin, often glycosilated, showing interesting 
pharmacological properties (Lanzotti, 2006). 

Present study aimed to improve performance of banana plantlets on bases of growth attributes and 
biochemical constituents using some aqueous extracts; ashwagandha, garlic and onion, as bio-
stimulants.  

 
Materials and Methods 
  

The present experiment was carried out in a greenhouse at the Horticulture Research Institute 
during (2012-2013) and (2013-2014) to determine the effect of ashwagandha, garlic and onion 
extracts (represented in water) on growth of banana (Mussa spp.) plantlets derived from in vitro 
propagation. 

 Fully acclimatized micropropagated Grand Nain banana plantlets were transplanted to culture 
bags (20 cm) containing transplanting medium (sand: peat moss at 1:1, by volume) and maintained in 
the greenhouse with uniform application of water and nutrients given by a commercial 19-19-19 N-P-
K fertilizer plus micronutrients (Bitar and Mohamed, 2009).  

 
Plant Extracts Preparation 
 
       100 g fresh aerial parts of ashwagandha (Withania somnifera) were washed thoroughly under 
running tap water and sterile distilled water, fresh mature garlic (Allium sativum) cloves and onion 
(Allium cepa) bulbs were peeled and then chopped with 200 ml distilled water (w/v) by using a 
domestic blender for 1 min at average speed. The mixture were macerated during 24h at 4ºC. After 
that, resulting extracts were filtered through double layered Whatman No.4 filter paper. Dilutions 
were prepared (5, 10 and 20%). 

The extracts were freshly prepared one day before their foliar application. Spraying solution 
was quite enough in quantity to cover all the vegetative growth of banana plantlets. Treatments were 
performed once or twice a week for two months from Oct. 1st to the end of Nov. A randomized 
complete block design was used with three replicates. Each experimental unit consisted of 10 culture 
bags, each containing one plant. Data on plant height (cm), stem girth (cm), leaves and roots number 
and average root length (cm) were recorded at the end of Feb. Samples of leaves were subjected to 
further analysis. 

The content (mg/100g) of total chlorophylls (chlorophyll a and chlorophyll b) was determined 
by Holm (1954) and Wettstein (1957). Colorimetric determination of total carbohydrates (%) was 
carried out using phenol-sulphuric acid method given by Dubois et al. (1956). Total free amino acids 
(%) was determined by the ninhydrin method (Yemm and Cocking, 1955). Total phenolics (%) was 
analyzed spectrophotometrically using the method described by Swain and Hillis (1959). Crude 
protein content (%) was calculated by multiplying total nitrogen by the factor 6.25 (Plummer, 1971), 
where nitrogen was estimated, in H2SO4-H2O2 digests (Cottenie, 1980), using the modified 
Microkjeldahl technique. Samples for determination of phosphorus, potassium, zinc and magnesium 
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were prepared as described by Cottenie (1980). Phosphorus (%) was determined colorimetry. 
Potassium (%) was determined against a standard using flame-photometer. Zinc and magnesium 
(mg/100g) were determined using atomic absorption.  

Data statistically analyzed by analysis of variance (ANOVA) and least significant difference 
(L.S.D. at 5% level) was also adopted according to Snedecor and Cochran (1989). 

Identification and quantification of phytohormones; gibberellic acid (GA3), indole acetic acid 
(IAA), abscisic acid (ABA) and zeatin, in plants extract (Table 1) were carried out using high 
performance liquid chromatography (Hewlett Packard, HP 1090 liquid chromatography) following the 
methodology of Tien et al. (1979). The growth hormones were identified on the basis of retention 
time of the standard and the concentration of each hormone was calculated on the basis of peak area. 

 
Table 1: Phytohormones content (mg/100g) of ashwagandha, garlic and onion. 

    Phtohormone 
Plant 

GA3 IAA ABA Zeatin 

Ashwagandha 11.078 0.0312 0.1318 0.0149 
Garlic 2.719 0.0046 0.0359 0.0097 
Onion 1.429 0.0045 0.0043 0.0045 

 
Results  
 
Vegetative growth  
 

      Data shown in Fig. (1) indicated that, spraying banana plantlets with all concentrations of bio-
stimulants aqueous extract twice a week increased plant height as compared with banana plantlets 
which received the same treatment once a week. However, ashwagandha aqueous extract at the 
concentrations of 10 and 20% had a significant effect on increasing plant height. The tallest plants 
(38.33 and 33.33 cm for the first season, 38.33 and 38.67 cm for the second season) occurred when 
plants sprayed with 10 and 20% ashwagandha extract twice a week respectively, with no significant 
differences between the two concentrations. On the other hand, sprayed banana plantlets once or twice 
a week with garlic or onion extracts decreased plant height at all concentrations (5%, 10% and 20%) 
as compared to control except for 20% garlic extract when applied twice a week in the first season 
giving 30.67 cm with insignificant effect as compared to control (28.33 cm).  

Generally, all spraying treatments had beneficial effects on banana plantlets stem girth as 
compared to control (Fig. 1). However, ashwagandha aqueous extract effectively increased plants 
stem girth all over all concentrations as compared to control in the first and second seasons. The 
highest value of stem girth (2.8 cm) was observed when plants sprayed twice a week with 
ashwagandha aqueous extract at 20% in the first season and 10% in the second season, also with 20% 
garlic extract just in the first season. 

Total leaves number (Fig. 1) significantly increased as affected by spraying banana plantlets 
with ashwagandha aqueous extract twice a week giving 13.67, 12.67 and 12.33 with concentrations of 
5, 10 and 20% respectively, with no significant differences between them in the first season, 
meanwhile treated banana plantlets only with 10 or 20% ashwagandha extracts twice a week revealed 
the highest total leaves number (13.33) for both in the second season.  

 
Root system  
 

Data of roots number clearly revealed that, all spraying treatments positively affected 
emergence of new roots except onion at 10% in second season with insignificant difference as 
compared to control. Moreover, foliar applications of ashwagandha aqueous extract gave the highest 
number of roots all over all treatments as compared to control and other plants extract (garlic and 
onion), most beneficial effect on root number during the second season was observed with 10 and 
20% ashwagandha aqueous extracts representing 32.33 when applied twice a week (Fig.2).  
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First season Second season 

  

  

  

 
Fig. 1: Effect of plants extract as bio-stimulants on banana vegetative growth in first and second 

seasons. 
Treatments; (1): Control. (2- 4): Foliar application once a week; (2) 5%, (3) 10%, (4) 20%. (5-7): Foliar application twice a 
week; (5) 5%, (6) 10%, (7) 20%. 
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First season Second season 

  

 
 

Fig. 2: Effect of plants extract as bio-stimulants on banana root system in first and second seasons. 
Treatments, (1): Control. (2- 4): Foliar application once a week; (2) 5%, (3) 10%, (4) 20%. (5-7): Foliar application twice a 
week; (5) 5%, (6) 10%, (7) 20%. 

 
Data in Figure (2) clearly indicated that, all plants aqueous extract increased banana plantlets 

root length as compared to control. Garlic and onion extracts at 20% showed a significant increase in 
root length when plants treated once a week recording 48 and 45 cm for garlic and 41 and 45.67 cm 
for onion in first and second seasons, respectively. 
 
Chemical composition 
 

The chemical composition of banana plants as affected by spraying ashwagandha, garlic and 
onion extracts are presented in Tables (2 and 3).  

Results in Table (2) revealed that, all spraying treatments significantly enhanced total 
chlorophyll contents as compared to control in both seasons. The highest total chlorophyll in the first 
and second seasons was obtained by using ashwagandha aqueous extract recording in average 12.12 
and 12.78 mg/100g, respectively. Ashwagandha aqueous extract at concentration of 20% twice a 
week was the best treatment in this concern recording 14.39 and 15.19 mg/100g in first and second 
seasons, respectively.    

Generally, all spraying treatments enhanced carbohydrate content as compared to control 
(28.52 and 28.77% for first and second seasons, respectively), ashwagandha aqueous extract at 
concentrations of 10 and 20% twice a week were the best recording 52.66 and 50.07% in the first 
season and 49.69 and 49.92% in the second season, respectively, with no significant differences 
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Table 2: Effect of bio-stimulants on Total chlorophyll, Carbohydrates, Amino acids, Protein and Phenols contents of banana leaves in first and second seasons.  

Treatments 
Control 5% 10% 20% 5% 10% 20% Mean Control 5% 10% 20% 5% 10% 20% Mean 

 Once a week Twice a week   Once a week Twice a week  

 First season Second season 
 Total chlorophyll (mg/100g) 

Ashwagandha 9.08 11.88 12.23 12.34 11.97 12.98 14.39 12.12 9.57 12.56 12.28 12.96 13.04 13.89 15.19 12.78 

Garlic 9.08 12.17 11.67 11.92 12.11 12.11 12.59 11.66 9.57 11.95 12.12 12.96 12.60 12.70 13.50 12.20 

Onion 9.08 11.80 11.95 12.31 12.14 12.42 12.71 11.77 9.57 12.10 12.45 12.54 12.57 12.65 12.70 12.08 

Mean 9.08 11.95 11.95 12.19 12.07 12.50 13.23  9.57 12.20 12.28 12.82 12.74 13.08 13.79  

LSD 5% Plants extract=0.423 Treatments=0.646 Interaction = 1.118 Plants extract=0.464 Treatments=0.709 Interaction=1.228 

 Carbohydrates (%) 

Ashwagandha 28.52 36.08 39.61 44.17 41.80 52.66 50.07 41.84 28.77 36.93 38.69 42.50 40.64 49.69 49.92 41.02 

Garlic 28.52 34.75 35.53 36.14 38.54 40.05 40.18 36.25 28.77 37.35 37.01 36.27 38.61 37.67 40.70 36.63 

Onion 28.52 22.02 24.21 25.13 22.52 33.92 36.56 27.56 28.77 26.59 25.77 34.98 33.00 36.43 34.06 31.37 

Mean 28.52 30.95 33.12 35.15 34.29 42.21 42.27  28.77 33.62 33.82 37.91 37.42 41.27 41.56  

LSD 5% Plants extract=1.93 Treatments= 1.671 Interaction= 2.727 Plants extract= 1.462 Treatments =2.233 Interaction=3.773 

 Amino acids (%) 

Ashwagandha 3.78 3.87 4.60 4.78 4.42 4.77 4.67 4.41 3.60 3.65 3.72 3.71 4.88 4.56 5.30 4.21 

Garlic 3.78 3.84 3.48 3.98 3.54 3.60 4.41 3.80 3.60 3.78 3.63 3.54 4.24 4.21 4.71 3.96 

Onion 3.78 3.77 3.66 3.78 3.85 3.69 3.92 3.78 3.60 3.56 3.79 3.45 4.11 3.97 4.00 3.78 

Mean 3.78 3.83 3.91 4.18 3.94 4.02 4.33   3.60 3.66 3.71 3.57 4.41 4.25 4.67   

LSD 5% Plants extract=0.300 Treatments= 0.459 Interaction= 0.794 Plants extract= 0.345 Treatments=0.526 Interaction=0.912 

 Protein (%) 

Ashwagandha 11.34 13.10 15.34 15.32 16.81 17.62 17.86 15.34 11.95 13.15 14.75 15.34 15.53 17.34 17.80 15.12 

Garlic 11.34 10.90 12.42 13.78 13.63 15.84 14.74 13.23 11.95 10.89 12.71 14.36 11.77 15.10 16.98 13.39 

Onion 11.34 10.56 11.01 10.01 11.75 12.02 12.20 11.27 11.95 11.92 11.62 10.75 12.28 12.14 11.35 11.72 

Mean 11.34 11.52 12.92 13.04 14.06 15.16 14.93   11.95 11.99 13.02 13.48 13.19 14.86 15.38   

LSD 5% Plants extract=0.434 Treatments=0.664 Interaction = 1.176 Plants extract=0.278 Treatments=0.426 Interaction =0.772 

 Phenols (%) 

Ashwagandha 0.49 0.56 0.48 0.64 0.49 0.57 0.64 0.55 0.47 0.61 0.52 0.62 0.59 0.66 0.68 0.59 

Garlic 0.49 0.50 0.36 0.36 0.49 0.31 0.30 0.40 0.47 0.57 0.44 0.45 0.47 0.39 0.32 0.44 

Onion 0.49 0.58 0.37 0.30 0.46 0.36 0.46 0.43 0.47 0.60 0.41 0.29 0.47 0.37 0.45 0.44 

Mean 0.49 0.55 0.40 0.43 0.48 0.41 0.47  0.47 0.59 0.46 0.45 0.51 0.47 0.48  

LSD 5% Plants extract=0.049 Treatments=0.076 Interaction=0.132 Plants extract=0.034 Treatments=0.052 Interaction= 0.091 
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Table 3: Effect of bio-stimulants on Phosphorus, Potassium, Zinc and Magnesium contents of banana leaves in first and second seasons.  

Treatments 
Control 5% 10% 20% 5% 10% 20% Mean Control 5% 10% 20% 5% 10% 20% Mean 

 Once a week Twice a week   Once a week Twice a week  

 First season Second season 

 Phosphorus (%) 

Ashwagandha 1.59 1.32 1.76 3.68 1.17 2.46 3.47 2.21 1.52 1.71 1.67 3.72 1.29 2.88 3.66 2.35 
Garlic 1.59 1.22 1.61 3.14 1.19 2.20 3.49 2.06 1.52 1.34 1.62 3.68 1.59 2.79 3.46 2.29 

Onion 1.59 1.61 1.83 1.85 1.26 2.09 1.70 1.70 1.52 1.65 1.82 1.77 1.66 2.54 1.64 1.80 

Mean 1.59 1.38 1.74 2.89 1.21 2.25 2.89  1.52 1.57 1.70 3.06 1.52 2.74 2.92  

LSD 5% Plants extract=0.112 Treatments=0.171 Interaction=0.297 Plants extract=0.120 Treatments =0.184 Interaction= 0.318 

 Potassium (%) 

Ashwagandha 1.19 1.70 1.78 1.72 1.64 1.53 1.56 1.59 1.29 1.31 1.84 1.97 1.65 1.55 1.80 1.63 

Garlic 1.19 1.52 1.61 1.58 0.98 1.01 1.00 1.27 1.29 1.86 1.77 1.38 1.24 1.25 1.20 1.43 

Onion 1.19 1.04 1.28 1.23 0.96 0.81 0.83 1.05 1.29 1.32 1.48 1.45 1.44 0.94 0.96 1.27 

Mean 1.19 1.42 1.55 1.51 1.19 1.12 1.13  1.29 1.50 1.70 1.60 1.44 1.25 1.32  
LSD 5% Plants extract=0.045 Treatments =0.069 Interaction=0.119 Plants extract=0.111 Treatments =0.169 Interaction= 0.293 

 Zinc (mg/100g) 

Ashwagandha 0.054 0.040 0.062 0.063 0.050 0.063 0.076 0.058 0.053 0.047 0.067 0.070 0.057 0.072 0.077 0.063 

Garlic 0.054 0.042 0.053 0.069 0.047 0.054 0.078 0.057 0.053 0.048 0.052 0.071 0.046 0.068 0.077 0.059 

Onion 0.054 0.059 0.055 0.065 0.055 0.053 0.065 0.058 0.053 0.062 0.053 0.066 0.056 0.057 0.068 0.059 

Mean 0.054 0.047 0.057 0.066 0.051 0.057 0.073  0.053 0.052 0.057 0.069 0.053 0.066 0.074  

LSD 5% Plants extract=0.003 Treatments =0.004 Interaction=0.007 Plants extract=0.003 Treatments =0.004 Interaction=0.008 

 Magnesium (mg/100g) 

Ashwagandha 0.80 0.79 0.81 0.98 0.82 1.11 1.29 0.94 0.78 0.79 0.81 0.87 0.81 1.00 1.29 0.91 

Garlic 0.80 0.91 1.04 1.01 0.80 0.97 0.93 0.92 0.78 0.93 1.12 1.07 0.80 0.97 0.93 0.94 
Onion 0.80 0.85 1.08 1.02 0.88 1.06 1.01 0.96 0.78 0.87 1.06 1.06 0.88 1.06 1.02 0.96 

Mean 0.80 0.85 0.98 1.00 0.83 1.05 1.08  0.78 0.86 1.00 1.00 0.83 1.01 1.08  

LSD 5% Plants extract=0.011 Treatments =0.017 Interaction=0.029 Plants extract=0.033 Treatments =0.050 Interaction= 0.087 
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between the two concentrations (Table, 2). On the other hand, onion aqueous extract was the least 
effective giving in average of 27.56 and 31.37% for first and second seasons, respectively. 

In respect to the effect of spraying banana plants with different plant extracts on amino acids 
content (Table, 2) data revealed that, the highest amino acids percentage in the first and second 
seasons was obtained by using ashwagandha aqueous extract recording in average 4.41 and 4.21%, 
respectively.  

Results in Table (2) showed that, protein content was significantly increased in response to 
spraying treatments where the highest protein percentages were observed by ashwagandha aqueous 
extract at concentrations of 10 and 20% when applied twice a week (17.62 and 17.86% for first 
season, 17.34 and 17.80% for second season, respectively). As for the effect of plants extract, 
ashwagandha was the best recording the average of 15.34 and 15.12% followed by garlic which gave 
13.23 and 13.39% then onion with 11.27 and 11.72% for first and second seasons, respectively. 

Data illustrates total phenols content of banana plants as affected by spraying ashwagandha, 
garlic and onion extracts are shown in Table (2). Ashwagandha aqueous extract resulted in maximum 
average of total phenols in both seasons; 0.55% for first and 0.59% for second.  

Highest phosphorus contents, as shown in Table (3), were observed with the highest 
ashwagandha extract concentration (20%) when applied once (3.68 and 3.72%) or twice (3.47 and 
3.66%) for first and second seasons, respectively, in addition to the highest garlic extract 
concentration (20%) sprayed once (3.14 and 3.68%) or twice a week (3.49 and 3.46%) for first and 
second seasons, respectively. Concerning plants extract, ashwagandha had the most beneficial effect 
recording the average of 2.21 and 2.35% while onion was the least effective (1.70 and 1.80%) as 
compared to control (1.59 and 1.52%) for first and second seasons, respectively. 

In respect to the effect of spraying banana plants with different plant extracts on potassium 
content (Table 3) data revealed that, the highest potassium percentage in the first and second seasons 
was obtained by using ashwagandha aqueous extract recording the average of 1.59 and 1.63%, 
respectively. 

The highest average of zinc (%), as shown in Table (3), was observed using 20% extract when 
applied twice a week (0.073 and 0.074%) comparing to control (0.054 and 0.053%) for first and 
second seasons, respectively.  

In general, all spraying treatments enhanced magnesium content (Table 3) as compared to 
control (0.80 and 0.78% for first and second seasons, respectively). 20% ashwagandha aqueous 
extract sprayed twice a week gave the highest magnesium content recording 1.29% in both seasons. 

 
Discussion 
 

In the present study, the effects of ashwagandha, garlic and onion aqueous extracts as bio-
stimulants at three concentrations (5, 10 and 20%) sprayed once or twice a week on banana plantlets 
were investigated. Results revealed that foliar spraying with bio-stimulants increased vegetative 
growth parameters of banana plantlets. Response of banana plantlets growth varied with the types of 
plants used as extracts, this might be due to the fact that bio-stimulants contain varied types with 
deferent concentrations of growth regulators (Ulfa et al., 2013). Bioactive compounds such as auxin, 
cytokinin and gibberellins could be extracted from ashwagandha, garlic and onion extracts as shown 
in this study which used as exogenous growth regulator. In this study, sprayed banana plantlets with 
ashwagandha aqueous extract stimulate vegetative growth more than garlic and onion extracts, this 
might be related to the set of growth regulators compound contained in those extracts. Whereas 
increased growth such as longer plant or higher leaf and root numbers by spraying ashwagandha 
aqueous extract may be due to the highest gibberellin (GA3), auxin (IAA) and cytokinin (zeatin) 
contained in ashwagandha (11.078, 0.0312 and 0.0149 mg/100g, respectively). In this concern, Arteca 
(1996) reported that administration of gibberellin (GA3) may increase growth due to an increase in the 
effective leaf area hence photosynthesis increases. Cytokinins are compounds that can increase cell 
division in plant tissues and regulate plant growth and development, as well as kinetin, it is formed 
from the amino acid tryptophan which acts to stimulate stem elongation, leaf growth, and influence 
the development of potato roots (Ulfa et al., 2013). Cytokinin was also reported as one of important 
factors for the regulation of growth, especially cell differentiation in elongation zone (Dello et al., 
2007).  
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Some bio-stimulants extracts inhibited and others promoted growth (Talukder et al., 2015). A 
tendency of a crude extract to increase and decrease vegetative growth could be related to the 
secondary metabolites it contains (Zi et al., 2014). Secondary metabolite compounds including 
terpenoids, flavonoids, alkaloids and phenolic compounds have a potential as stimulants or inhibitors 
of plant growth. Secondary metabolites of some plants have been reported to have a wide range of 
bioactivity (Biradar and Rachetti, 2013; James and Dubery, 2011; Singh et al., 2012). Furthermore, 
effects of bio-stimulants extracts on vegetative growth might be attributed to being contain natural 
sources of many growth promoting substances (macro and micronutrients), vitamins and polyamines. 
Also, may be due to that these extracts had contents of antioxidants, enzymes, volatile compounds and 
sulphur compounds which leads to improved growth. The stimulation effect of ashwagandha extract 
on growth behavior could be explained on basis of their beneficial physiological effects, since 
ashwagandha had a high concentration of naturally chemical compounds in the extract like; phenolic 
compounds (Harika et al., 2017; Dhanani et al., 2017) which is essential for plant physiology due to 
its contribution for morphological plant form and structure, also, they are involved in plant growth 
and reproduction process (Cook and Samman, 1996). The crude extract of ashwagandha also 
contained terpenoids (Chaurasiya et al., 2009; Bharti et al., 2011; Siriwardane et al., 2013), it is 
known that at least gibberellin phytohormones, a common class of diterpenoid, has growth-promoting 
bioactivity and other terpenoids can promote the action of gibberellins (Zi et al., 2014). The 
promoting effect of onion extract on growth and yield might be attributed to its higher own content 
from vitamins and thiamine, riboflovine and flavonids, that act as antioxiants protecting plant cells 
from death and enhancing cell division and the biosynthesis of organic foods (Kubota et al., 2000). 
Also, garlic contains vitamins, minerals, flavonoids, ascorbic acid, sulphur and trace of iodine (Azzini 
et al., 2014). Effect of garlic extract on plant characters has been interpreted by El-Shayeb (2009).  

In respect to the effect of spraying banana plants with different plant extracts on chemical 
composition, foliar applications twice a week of ashwagandha aqueous extract at 20% was superior in 
this concern. This result may be due to the effect of ashwagandha aqueous extract on increasing of 
endogenous hormones like GA3 in treated plants which had a good potential for improving plant 
growth and accumulation of some phytochemical composition (Mostafa and Abou Alhamd, 2011). 
Moreover, the beneficial effect of ashwagandha aqueous extract on chemical constituent of banana 
plants might be due to their direct and indirect stimulatory and antioxidant protective effect. 
Ashwagandha extract is rich in many essential minerals as well as many natural antioxidants 
including, total phenols, flavonoids, tannins, saponins and carotenoids (Khan and Nasreen, 2010; 
Harika et al., 2017). In the same respect, bio-stimulants are able to promote vegetative growth, 
mineral nutrient uptake and improve the productivity of many plants (Shafeek et al., 2015). Also, 
minerals play a significant role in plant growth and metabolic processes associated with 
photosynthesis, chlorophyll formation, cell wall development and respiration, water absorption (Abd 
El-Wahab, 2008). Thus, the application of bio-stimulants could be considered as a good production 
strategy for obtaining high yields of nutritionally valuable crops with lower impact on the 
environment (Parađiković et al., 2011).  
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