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ABSTRACT 
 

Field experiments were carried out at Giza Agricultural Research Station, Agricultural Research Center, 
Giza, Egypt during the two successive seasons of 2013-2014 and 2014-2015 to study the effect of foliar spray 
with yeast or seaweed extracts and their interaction on some morphological, anatomical and chemical characters 
of two stevia cultivars (Spanti and China-1). The results showed that spraying the plants of the two cultivars 
with 4 g yeast extract /L or 1 ml seaweed extract/L exhibited significant promotive effects on investigated 
morphological and yield characters as compared with the untreated plants. The interaction between yeast and 
seaweed extracts was significantly enhanced all studied traits. Since stevia plant sprayed with a mixture of 2 g 
yeast extract/L and 1.0 ml seaweed extract/L was characterized by the highest values of all morphological and 
yield characters. Concerning the anatomical structure of leaf, treatment with a mixture of yeast extract at 2 g/L 
and seaweed extract at 1 ml/L increase the thickness of both midvein and lamina due to the increase in thickness 
of both palisade and spongy tissues as well as in the dimension of the main midvein bundle. Likewise, such 
treatment increased stem diameter due mainly to the increase in the thickness of cortex, phloem tissue, xylem 
tissue and parenchymatous area of the pith more than those of the control. The foliar application with mixture of 
2g yeast extract/L + 1.0 ml seaweed extract/L recorded the highest percentage of stevioside (5.15%) in Spanti 
and the highest rebaudioside-A percentage (7.0%) in China-1. 
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Introduction 
 
 Stevia (Stevia rebaudiana Bertoni) is a perennial herb that belongs to the Asteraceae family. It is a natural 
sweetener plant and estimated to be 300 times sweeter than cane sugar. Stevia leaves are the source of diterpene 
glycosides, viz. stevioside and rebaudioside. Now it is being cultivated in Japan, Taiwan, Philippines, Hawaii, 
Malaysia and overall South America for food and pharmaceutical products. Products can be added to tea and 
coffee, cooked or baked goods, processed foods and beverages, fruit juices, tobacco products, pastries, chewing 
gum and sherbets (Ahmed et al., 2011)  
 It is a short day plant and flowering from January to March in the southern hemisphere. It prefers a sandy 
soil, requiring a warm sunny position. The suitable natural climate is semi humid subtropical with temperature 
extremes from 21 to 43°C and average 24°C (Huxley, 1992).   
 Not only the stevia plant but also its extracts have been used for several years as a sweetener in South 
America, Asia, Japan, China and in different countries of the European Union (EU). In Brazil, Korea and Japan 
stevia leaves, stevioside and highly refined extracts are officially used as a low calorie sweetener (Mizutani and 
Tanaka, 2002 and Kim et al., 2002). Presently in the United States (US), leaf or extracted forms of stevia is 
permitted as a dietary supplement. It has also been reported that S. rebaudiana, as a non-calorie first natural 
sweetener used in medicinal green teas for treating heart burn and other ailments (Vanek et al., 2001), even 
though there are more than 200 species of the genus Stevia, only S. rebaudiana gives the sweetest essence 
(Savita et al.,2004).  
 Yeast treatment suggested participating beneficial role in improving growth of crops which reported by 
Fathy and Farid (1996), Hewedy et al. (1996), Mohammed et al. (1999), Fathy et al. (2000), Omer (2003) and 
Sarhan (2008). The uses of plant extracts are began to be applied like seaweed extract which is rich in macro 
and micro elements, important plant hormones like Auxins, Gibberellins and Cytokinin which induce cell 
division and increasing cell enlargement and lead to balance of physiological and biological processes and 
increasing photosynthesis processes and improving growth characters (Jensen, 2004). Kowalski et al. (1999) 
describe the positive effects of seaweed extract on plant growth and increasing yield of potato plant 
significantly. Thomas (2002) stated that using seaweed extract (sea Buck thorn) causes increasing growth and 
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fresh weight of vegetative and roots growth significantly of rosemary plant. Jensen (2004) found that seaweed 
extract contain micro elements (Co, B, Mo, Zn, Cu) and macro elements, Auxins, Gibberellins and Cytokinin 
and when sprayed lead to increase nutrient absorption and root growth ability and increasing stem thickness. 
 Thus, the present investigation aimed to determine the effect of foliar spray with yeast or seaweed extracts 
and their interaction on some morphological, anatomical and chemical characters of two stevia cultivars. 
 

Materials and Methods 
 
 Field experiments were carried out at Giza Agricultural Research Station, Agricultural Research Center 
(ARC), Giza, Egypt during the two successive seasons of 2013-2014 and 2014-2015 to study the effect of foliar 
spray with yeast or seaweed extracts and their interactions on some morphological, anatomical and chemical 
characters of two stevia cultivars; namely, Spanti and China-1.  
 Cuttings of stevia were secured from Sugar Crops Research Institute, ARC, Giza, Egypt. Yeast extract was 
sprayed at concentrations of 2 and 4 g/L whereas, seaweed extract at 0.5 and 1.0 ml/L. The control plants were 
sprayed with tap water. 
 Stevia cuttings were approximately 15 cm long, were taken from the 4th till the 7th internodes at the mid of 
the stem and all leaves were removed except the terminal three leaves at the top portion of the cuttings. Cutting 
sown on 15th April in both seasons in greenhouse in metal boxes filled with beat moss, covered with transparent 
plastic sheets and immediately irrigated after planting. The plants transplanted after 45 days to the open field. 
The experiment was made in a randomized complete block design with three replicates. Each replicate be 
divided into 9 plots for each cultivar, each contained one treatment. The plot was 2 × 4 m and consisted of 8 
rows, 50 cm apart, distances between cuttings were 40 cm. The treatments were:  
1- Control (tap water) 
2- 2 g yeast extract /L  
3- 4 g yeast extract /L  
4- 0.5 ml seaweed extract /L  
5- 1 ml seaweed extract /L  
6- 2 g yeast extract /L + 0.5 ml seaweed extract /L  
7- 2 g yeast extract /L + 1 ml seaweed extract /L  
8- 4 g yeast extract /L + 0.5 ml seaweed extract /L  
9- 4 g yeast extract /L + 1 ml seaweed extract /L  
 Yeast and seaweed extracts were applied twice by means of an atomizer. The first application was 30 days 
from transplanting and the second application was one month from the first one. Four harvest cuts were taken (3 
months intervals) starting one month from the second application, the first cut on1st September, the second on 1st 
December, the third on 1st March and the fourth on 1st June. The following data were recorded: 
 
Morphological characters 
1. Plant height (cm). 
2. Stem diameter (cm) at its median portion.  
3. No. of branches/ plant. 
4. Leaves fresh weight (g)/ plant. 
5. Leaves dry weight (g)/ plant. 

 
Yield of harvested dry leaves/plant: 
 The total yield of harvested dry leaves/plant over the four cuts in each season composed the average 
yield/plant. 
 
Anatomical structure: 
 A microscopical study was carried out to investigate the anatomical structure of stevia stem, represented 
by the 4th internode counted from the plant tip. The leaf was taken from the 4th internode represented by the 
middle of the lamina including the midrib at the age of 90 days throughout the second season. 
 Specimens were killed and fixed for at least 48 hours in F.A.A. (10 ml formalin, 5 ml glacial acetic acid, 
50 ml ethyl alcohol 95%, 35ml distilled water). Plant materials were washed in 50% ethyl alcohol and 
dehydrated in a normal butyl alcohol series before being embedded in paraffin wax (melting point 56 °C). 
Transverse sections, 20µ thick, were cut using a rotary microtome, double stained with crystal 
violet/erythrosine, cleared in xylene and mounted in Canada balsam (Nassar and El-Sahhar, 1998). The slides 
were microscopically examined and photomicrographed to detect histological manifestations of noticeable 
responses resulted from spraying with yeast or seaweed extracts. 
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Chemical constituents: 
 Chemical analysis was carried out in Micro chemical Analysis Lab., Food Technology Research Institute, 
Agricultural Research Center, Giza, Egypt. The chemical constituent’s analysis includes percentage of 
steviosides and rebaudioside-A at first cut. 
 Stevioside and rebaudioside-A percentage were determined according to Kolb et al. (2001), using HPLC. 
The dried and ground leaves of Stevia rebaudiana (1 g) were placed in 250-mL Erlenmeyer flasks and extracted 
by shaking for 30 min with 100 mL of Ethanol (EtOH) 70% (w/w) in a 70 °C water bath. After cooling, a 10 mL 
aliquot was filtered (filter paper, quantitative, routine ashless, Grade 42, Whatman, and syringe filter, nylon 0.22 
μm, MSI Westboro), then 5 μL was analyzed by HPLC. The HPLC analysis was carried out on a 1200 Agilent 
High Performance Liquid Chromatography system (HPLC) equipped with a quaternary pump, an autosampler 
and a photodiode array detector (DAD) using a C18 Hypersil BDS 250 × 4 mm, 5 µm (Thermo Scientific, 
Waltman, USA). The column temperature was maintained at 35 °C to obtain the best resolution and a stability 
of the retention time. HPLC operating conditions incorporated an isocratic mobile phase, acetonitrile/water 
(80/20), pH 5 adjusted with acetic acid, at a flow rate of the solvent was 1 mL min-1 Detection was performed at 
210 nm. The injection volume was 20 µl. For quantitation purposes in HPLC analysis pure stevioside (98% 
purity) and rebaudioside-A (96% purity) standards were obtained from Sigma-Aldrish (USA). Standard 
solutions of 0.25, 0.5, and 1.0 g L−1 were prepared for both stevioside and rebaudioside-A in water providing a 
three-point calibration.  
 

Results and Discussion 
 
1- Morphological characters 
a- Effect of yeast extract 
 Data presented in Tables (1-5 ) indicated that all studied growth characters of the two stevia cultivars; 
plant height, stem diameter, number of branches/plant, leaves fresh and dry weights/plant were significantly 
affected by foliar application with yeast extract at all cutting dates in both seasons compared with untreated 
plants. 
 Yeast extract at 4 g/L was the most effective treatment in increasing growth parameters of the two 
cultivars at all cutting in both seasons. The first cut recording the highest values for all traits followed by the 
second then the fourth, while the third exhibited the lowest values. 
 
Table 1: Effect of yeast or seaweed extracts at different concentrations and their interaction on plant height (cm) of two 

stevia cultivars (Spanti and China-1) at four cuttings (mean of two seasons) 

Treatments 
Plant height cm. 

stevia cv. Spanti stevia cv. China-1 
1st cut 2nd cut 3rd cut 4th cut 1st cut 2nd cut 3rd cut 4th cut 

Control 66 31.0 22 24.0 53.5 22.84 16.3 0.23  

Yeast extract 
2  g /L 72 32.83 26.3 26.3 57 26.34 21.5 27 
4  g /L 76.33 34.33 28.5 28.5 59 30 23.66 25.2 

Seaweed  
extract 

0.5  ml /L 70.5 32.67 25 25.0 55.67 25 20.16 24.0 
1.0  ml /L 78 35.17 29.2 30.3 61 31.67 24.33 29.2 

2 g yeast extract  /L  + 0.5 ml 
seaweed extract /L 

86.17 36 30 34 67.83 34 29 31.76 

2 g yeast extract  /L + 1.0 ml 
seaweed extract /L 

89.67 38.67 31.1 36 71 35.5 31.2 34.5 

4 g yeast extract /L + 0.5 ml 
seaweed extract /L 

86.33 37 30.3 33 69 34.5 30.66 32.83 

4 g  yeast extract  /L + 1.0 ml 
seaweed extract /L 

84 35 25.7 32.0 65.5 32 27 31 

L.S.D. (0.05%) 4.435 1.532 2.783 0.857 1.956 2.032 3.663 0.913 

  
The plant height of the two stevia cultivars as affected by foliar application with yeast extract at 

concentrations of 2 and 4 g/L are shown in Table (1).  
 The maximum plant height of 76.33 cm was achieved at concentration of 4 g yeast extract /L for Spanti, 
being 15.6% more than control plant, whereas China-1recorded 59 cm, being 10.3% more than control for the 
first cut. 
 As to the effect on stem diameter, it is realized from Table (2) that foliar application with concentration of 
2 g yeast extract /L showed no significant effect while 4 g/L showed significant increase with Spanti and China-
1, being 7.5 and 16.6% more than control plant for the first cut.  
 Concerning the number of branches, it is increased significantly with increasing the yeast extract 
concentration (Table 3). Spanti responded to foliar application more than China-1. Branches number were 21.33 
for Spanti, being 25.4% more than control, while China-1 recorded 17 being 34.1% over control plants for the 
first cut. As to the effect on fresh weight of leaves/plant, there was a significant increase in leaves fresh weight 
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of Spanti and China-1with increasing the extract concentration (Table 4). Data proved that Spanti and China-
1recorded 195.67 and 208 g, being 61.3 and 35.7% more as comparing with control for the first cut, 
respectively.  
 
Table 2: Effect of yeast or seaweed extracts at different concentrations and their interaction on stem diameter (cm) of two 

stevia cultivars   (Spanti and China-1) at four cuttings (mean of two seasons) 

Treatments 
Stem diameter (cm) 

stevia cv. Spanti stevia cv. China-1 
1st cut 2nd cut 3rd cut 4th cut 1st cut 2nd cut 3rd cut 4th cut 

Control 0.40 0.33 0.21 0.23 0.42 0.31 0.22 0.25 

Yeast extract 
2   g /L 0.41 0.34 0.23 0.24 0.48 0.32 0.24 0.26 
4   g /L 0.43 0.36 0.22 0.25 0.49 0.34 0.25 0.27 

Seaweed  
extract 

0.5  ml /L 0.40 0.34 0.21 0.23 0.45 0.33 0.23 0.25 
1.0  ml /L 0.44 0.37 0.23 0.26 0.50 0.35 0.26 0.28 

2 g  yeast extract  /L  + 0.5 ml 
seaweed extract /L 

0.47 0.38 0.23 0.27 0.52 0.36 0.27 0.29 

2 g  yeast extract  /L + 1.0 ml 
seaweed extract /L 

0.50 0.39 0.27 0.33 0.54 0.37 0.30 0.35 

4 g  yeast extract  /L + 0.5 ml 
seaweed extract /L 

0.46 0.37 0.25 0.31 0.52 0.36 0.28 0.31 

4 g  yeast extract  /L + 1.0 ml 
seaweed extract /L 

0.45 0.36 0.24 0.25 0.51 0.35 0.27 0.28 

L.S.D. (0.05%) 0.012 0.022 0.008 0.015 0.041 0.009 0.011 0.010 

 
 As to the effect on dry weight of leaves/plant, it is clear from Table (5) that, in both seasons, average dry 
weight of leaves/plant was differed according to variety. Spanti recorded 32 g comparing with 22 g for control, 
being 45.4% over control. On the other hand, China-1exhibited 38 g comparing to 23.33g (control), being 
65.2% more than control for the first cut.  
 These results are in agreement with those reported by Hussain and Khalaf (2007) on potato stated that 
spraying yeast solution treatment at 8 g/L significantly increase plant height and number of branches / plant at 
the rate of (20.13–53.69) % respectively compared with control. Also, El-Tohamy et al. (2008) stated that foliar 
application of yeast resulted in higher growth and yield of eggplant. In this concern, Azza and Hendawy (2010) 
on Borago Officinalis, found that adding dry yeast at the rates of (2, 4 and 6g/L.) increased growth parameters 
compared with control. 
 Some investigators confirmed these findings on other plants, for instance, Fawzy et al. (2010) on Snap 
bean stated that application of dry yeast compound as a foliar spray at a rate of 4 g/L gave the maximum number 
of leaves, in addition, the highest values of leaf dry weight. Likewise, Nassar et al. (2011) on Phaseolus vulgaris 
L. found that foliar application with 50 ml yeast extract /L as well as concentrations of 100 and 150 ml yeast 
extract/L induced significant promotive effects on all investigated morphological characters (plant height, 
number of branches/plant and shoot dry weight/plant). While concentration 25 ml/L showed no significant 
effect.  
 
Table 3:  Effect of yeast or seaweed extracts at different concentrations and their interaction on number of branches of two 

stevia cultivars   (Spanti and China-1) at four cuttings (mean of two seasons). 

Treatments 
Number of branches/plant 

stevia cv. Spanti stevia cv. China-1 
1st cut 2nd cut 3rd cut 4th cut 1st cut 2nd cut 3rd cut 4th cut 

Control 17 11 10.6 12 12.67 7 12 13.33 

Yeast  extract 
2   g /L 20 14 13 15 16 9 17 17 
4   g /L 21.33 15.67 15 16.7 17 10 19 19 

Seaweed  
extract 

0.5  ml /L 19 12.67 12 13.3 15.33 9 15.33 15.33 
1.0  ml /L 22.33 14.34 16.0 16 17.5 11 21 20 

2 g  yeast extract /L  + 0.5 ml 
seaweed extract /L 

28 18 17 14 19.3 13 20.66 23.33 

2 g  yeast extract /L + 1.0 ml 
seaweed extract /L 

30.3 24 21 18 0.33  18 25.33 29.33 

4 g  yeast extract /L + 0.5 ml 
seaweed extract /L 

27 20.67 18.5 17 24 14 21.66 25.66 

4 g yeast extract  /L + 1.0 ml 
seaweed extract /L 

26 16 16.0 14 18 11 20.33 20.66 

L.S.D. (0.05%) 1.854 1.537 1.510 1.233 2.456 1.904 2.867 1.679 

  
As well as Ahmed et al. (2011) on potato stated that increasing of foliar application of dry yeast 

concentration up to 5 g/l increased plant length, stem number/plant, fresh and dry weight of whole plant. Azoz 
(2014) on basil stated that spraying plants with yeast extract at 4 g/l improved all morphological parameters. 
Nofal et al. (2015) reported that foliar application of yeast at 4 g/L on Calendula officinalis increased plant 
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height, number of branches/ plant, leaves number / plant and shoot dry weight/ plant by 32.99, 31.60, 33.12 and 
32.34 % and 30.43, 31.88, 32.92 and 32.90 % in the 1st  and 2nd seasons; respectively. 

 
b- Effect of seaweed extract 
 As shown in Tables (1-5) all foliar application with seaweed extracts were significantly increased all 
investigated morphological characters of vegetative growth of two stevia cultivars at all cutting  in both studied 
seasons compared with control. 
 The most increasing of shoot growth characteristics of two cultivars was observed when plants sprayed 
with 1 ml seaweed extract /L at all cutting in both seasons. Seaweed extract application at all concentrations 
increased plant height in both cultivars. The highest concentration (1 ml/L) produced the tallest plants (78cm) in 
Spanti and (61 cm) in China-1, being 18.1 and 14% more than control for the first cut, respectively (Table 1). 
 The effect of seaweed extract at different concentration on stem diameter was significant, the highest stem 
diameter at 1 ml/L was 0.44 cm in Spanti, being 10% more than control while, China-1 recorded .0 50 cm, being 
19% more than control for the first cut (Table 2).  
 Table (3) cleared that Spanti with an average of 22.33 branches, being 31.3% more than control whereas, 
China-1 recorded 17.5 branches, being 38.8% over control for the first cut. 
 
Table 4:  Effect of yeast or seaweed extracts at different concentrations and their interaction on leaves fresh weight (g) of 

two stevia  cultivars (Spanti and China-1) at four cuttings (mean of two seasons). 

Treatments 
Leaves fresh weight (g) 

stevia cv. Spanti stevia cv. China-1 
1st cut 2nd cut 3rd cut 4th cut 1st cut 2nd cut 3rd cut 4th cut 

Control 121.33 14.5 11 14.3 153.33 7.65 5.34 20.73 

Yeast  extract 
2   g /L 178.33 17.56 15 17.7 190.67 10.29 11.46 25.76 
4   g /L 195.67 20.26 13 21 820  11.48 14.33 28.70 

Seaweed  
extract 

0.5  ml /L 133 16.72 13 15 172.67 9.85 9.5 22.11 
1.0  ml /L 205.67 23.10 17 22.3 222 14.87 17.0 31.02 

2 g  yeast extract /L  + 0.5 ml 
seaweed extract /L 

250 28.23 19 27 252 20.28 23 36.22 

2 g  yeast extract  /L + 1.0 ml 
seaweed extract /L 

267 38.84 22 33.7 272.33 27.23 27.33 40.81 

4 g yeast extract  /L + 0.5 ml 
seaweed extract /L 

261 35.89 23.3 25 262 24.90 23.66 39.34 

4 g  yeast extract  /L + 1.0 ml 
seaweed extract /L 

220.33 24.59 16.5 24.3 228.33 17.67 17.66 38.33  

L.S.D. (0.05%) 11.155 1.985 1.754 2.522 17.752 2.111 2.230 1.456 

  
Table (4) showed that the maximum fresh weight of leaves 205.67 g was obtained at 1.0 ml/L in Spanti, 

being 69% more than control.  The same trend was obtained in China-1, where leaves fresh weight was 222 g, 
being 44.8% more than control. As to leaves dry weight in two cultivars in first cut, Spanti exhibited 34 g, being 
54.5% more than control Table (5), while China-1recorded the highest values 44 g, being 88.8% more than 
control. 
 The present findings are in accordance with those reported by Rathore et al. (2009), found that 
applications of different concentrations of seaweed extract increase plant height, number of branches and yield 
of soybean plant. As well as, Taha et al. (2011) showed that spraying seaweed extract resulted in positive 
significant difference in shoot characteristics and in all yield traits of cucumber as compared to the control. 
Also, Abou El-Yazied et al. (2012) indicated that spraying plants with seaweed extract at higher rate (750 ppm) 
significantly increased number of leaves per plant, average leaf area, leaf and stem fresh weight per plant and 
leaf and stem dry weight per plant of snap bean compared to control.  
 Zodape et al. (2011) mentioned that spray tomato plants (Lycopersicon esculentum Mill) with seaweed 
extract caused significant increases in all vegetative parameters measured by 60.89% compared to control 
plants.  
 Intedhar and Majeed (2015) reported that spray pepper with seaweed extract at 6 ml/ L recorded the 
highest plant height which was 113.56 cm and 85.74 cm for Flavio F1 and California wonder cultivar, 
respectively, compared to the control plant at which the plant height was 83.55 and 61.73 cm for the two 
cultivars, respectively. The highest number of the branches was at the treatment of the high concentration of 
seaweed extract, which were 28.14 and 10.96 branch/ plant for Flavio F1 and California wonder, respectively. 
Salama and Yousef  (2015) revealed that foliar application of seaweed extract enhanced the vegetative characters 
of basil plant (plant height, stem diameter, branches number, leaves number and fresh and dry weight of whole 
herb) and seed yield components. The maximum significant increase in any of the studied characters was 
detected at 1.5ml seaweed extract /L. 
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Table 5:  Effect of yeast or seaweed extracts at different concentrations and their interaction on leaves dry weight (g) of two 
stevia cultivars (Spanti and China-1) at four cuttings (mean of two seasons). 

Treatments 
Leaves dry weight (g) 

stevia cv. Spanti stevia cv. China-1 
1st cut 2nd cut 3rd cut 4th cut 1st cut 2nd cut 3rd cut 4th cut 

Control 22 9.69 2.3 6.5 23.33 6.18 1.91 6 

Yeast  extract 
2   g /L 29 11.39 3.0 8 30 8.66 3.95 9 
4   g /L 32 13.49 3.3 9 38 9.56 4.65 10.5 

Seaweed  
extract 

 

0.5  ml /L 25.33 10.73 2.7 7.5 24 8.28 2.81 8 

1.0  ml /L 34 15.6 3.7 9.5 44 9.69 4.05 12 

2 g yeast extract /L  + 0.5 ml 
seaweed extract /L 

41 17.30 3.4 11 47.33 10.88 5.55 14 

2 g  yeast extract /L + 1.0 ml 
seaweed extract /L 

45 20.74 5.7 13 51.67 14.57 6.87 19.7 

4 g yeast extract /L + 0.5 ml 
seaweed extract /L 

42.67 18.64 4.7 12 49.67 13.44 6.62 17.5 

4 g yeast extract /L + 1.0 ml 
seaweed extract /L 

35.33 16.85 3.3 10 46 9.79 4.61 13.5 

L.S.D. (0.05%) 5.785 1.655 0.411 1.342 1.723 1.975 0.754 1.541 

 
c- Effect of interaction between yeast and seaweed extracts: 
 The growth parameters of stevia plants were significantly increased with all foliar application with yeast or 
seaweed extracts in all cutting dates during the two seasons as shown in Tables (1- 5).  
 The combination between yeast and seaweed extracts at all concentrations gave the highest values of 
growth parameters of two stevia cultivars in all cutting dates during the two growing seasons as compared with 
either the individual foliar application of control plants.  
 Spraying with a mixture of 2 g yeast extract /L and 1.0 ml seaweed extract /L gave the highest values of 
shoot growth characteristics in two cultivars when compared with other treatments at all cutting in both seasons 
(Table 1). Since stevia plants sprayed with a mixture of 2 g yeast extract /L and 1.0 ml seaweed extract /L 
characterized by the highest values in stem diameter, leaves fresh and dry weight in China-1, whereas the 
highest plant height and number of branches recorded in Spanti as compared with control (Tables 2-5). 
 
2- Yield of harvested dry leaves/plant: 
 Relative to the control, two stevia cultivars in both seasons showed gradually increasing in the average of 
dry leaves yield as yeast extract concentration increased. Which recorded 57.8 and 61.51 g for Spanti and 
China-1 at 4 g/L, respectively. As to the effect of seaweed extract, it is clear that the average dry leaves 
yield/plant exhibited the highest at 1 ml/L comparing with control recorded 62.74 and 69.56 g for Spanti and 
China-1, respectively (Table 6). 
 It is also noticed that the highest yield achieved with foliar application with mixture of yeast extract at 2 
g/L + seaweed extract at 1ml/L, which recorded 84.24 and 89.81 g for Spanti and China-1, respectively.   
 
Table 6:  Effect of yeast or seaweed extracts at different concentrations and their interaction on total yield of leaves dry 

weight / plant (g) of  two stevia cultivars (Spanti and China-1) at four cuttings (mean of two seasons) 

Treatments 
Total yield of leaves dry weight / plant (g) 

stevia cv. Spanti stevia cv. China-1 
Control 40.49 37.42 

Yeast  extract 
2   g /L 51.61 48.09 
4   g /L 57.80 61.51 

Seaweed  
extract 

 

0.5  ml /L 46.26 42.74 

1.0  ml /L 62.74 69.56 

2 g yeast extract /L  + 0.5 ml 
seaweed extract /L 

71.02 77.36 

2 g yeast extract /L + 1.0 ml 
seaweed extract /L 

84.24 89.81 

4 g yeast extract /L + 0.5 ml 
seaweed extract /L 

77.81 86.23 

4 g yeast extract  /L + 1.0 ml 
seaweed extract /L 

65.28 73.90 

L.S.D. (0.05%) 5.546 5.722 

 
3- Anatomical structure: 
a- Anatomy of the leaf: 
 It is recognized from Table (7) and Figure (1) that spray with yeast extract at 4 g/L increased thickness of 
both midvein and lamina of two stevia cultivars by 29.8 and 61.4%  for Spanti, while increased by 9.1 and 
26.5% for China-1more than the control, respectively. It is cleared that the increase in lamina thickness was 
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accompanied by increments in thickness of palisade and spongy tissues by 45.4 and 56.2% for Spanti and 37.9 
and 25% for China-1 over the control, respectively.  
 Likewise, the main vascular bundle of the midvein was increased in size in Spanti as a result of spray with 
yeast extract. The increment was mainly due to the increase in length by 22.4% and in width by 15.6% more 
than the control. On the contrast in China-1a decrease was recorded in length and width of main vascular bundle 
by 8.1 and 28.8%, respectively. 
 Concerning the effect of seaweed extract on leaf structure, it was observed in the same table that, the 
thickness of midvein, lamina and palisade and spongy tissues increased markedly at 1ml/L over the untreated 
plants by 35.8, 87.1, 54.5 and 93.7%, respectively in Spanti, whereas in China-1increased by 11.4, 55.3, 60.3 
and 50% as the same order. As well as dimensions of the main vascular bundle increased in length and width by 
28 and 18.7%, respectively in Spanti, but in China-1exhibited an increase in length by 12.5% and decrease in 
width by 22.0% as compared to non-treated plants. 
 From the above mentioned results it could be mentioned that spray with mixture of 2 g yeast extract /L and 
1 ml seaweed extract /L gave the best results of two stevia cultivars related to leaf structure as compared to the 
untreated plants. The increase in midvein and lamina thickness were 38.8 and 95.7% for Spanti, whereas in 
China-1increased by 17 and 58.8% over control. The promotive effect of yeast at 2 g/L and seaweed extract at 
1.0 ml/L on leaf thickness may be due to an increase in thickness of palisade and spongy tissues by 63.6 and 
100% for Spanti, but in China-1recorded increase 37.9 and 70% over control, respectively. In the present 
investigation, the dimensions of vascular bundle in Spanti increased in length by 37.6 and width by 6.25%. On 
the other hand, the increase in length and width in China-1were 9.4 and 1.0%, respectively. 
 
Table 7: Measurements in microns of certain histological features in transverse sections through the blade of the fourth leaf 

of two stevia cultivars (Spanti and China-1) at the age of 90 days as affected by foliar application with 4 g yeast 
extract /L, 1 ml seaweed extract /L and a mixture of 2 g yeast extract/L + 1 ml seaweed extract /L (Means of three 
sections from three specimens).  

Histological 
characters 

Treatments 
stevia cv. Spanti stevia cv. China-1 

Control 
 

4g 
yeast 
extra
ct /L 

± % to 
control 

1ml 
seaweed 
extract 

/L 

± % to 
control 

2g yeast 
extract 

/L + 
1ml 

seaweed 
extract 

/L 

± % to 
control 

Control 
 

4g 
yeast 

extract 
/L 

± % to 
control 

1ml 
seaweed 
extract 

/L 

± % to 
control 

2g yeast 
extract/L 

+ 1ml 
seaweed 
extract 

/L 

± % to 
control 

Midvein 
thickness 

335 435 +29.8 455 +35.8 465 +38.8 440 480 +9.1 490 +11.4 515 +17 

Lamina 
thickness 

140 226 +61.4 262 +87.1 274 +95.7 170 215 +26.5 264 +55.3 240 +58.8 

Palisade 
tissue 
thickness 

55 80 +45.4 85 +54.5 90 +63.6 58 80 +37.9 93 +60.3 80 +37.9 

Spongy 
tissue 
thickness 

80 125 +56.2 155 +93.7 160 +100 100 125 +25 150 +50.0 170 +70 

Dimensions 
of the main 
vascular 
bundle of 
midvein 
 
    -Length 
     -Width 

 
 
 
 
 
 

125 
160 

 
 
 
 
 
 

153 
185 

 
 
 
 
 
 

+22.4 
+15.6 

 
 
 
 
 
 

160 
190 

 
 
 
 
 
 

+28 
+18.7 

 
 
 
 
 
 

172 
170 

 
 
 
 
 
 

+37.6 
+6.25 

 
 
 
 
 
 

160 
218 

 
 
 
 
 
 

147 
155 

 
 
 
 
 
 

-8.1 
-28.8 

 
 
 
 
 
 

180 
170 

 
 
 
 
 
 

+12.5 
-22.0 

 
 
 
 
 
 

175 
220 

 
 
 
 
 
 

+9.4 
+1.0 

 
 In this respect, Nassar et al. (2011) on Phaseolus vulgaris showed that spraying yeast extract at 
concentration of 100 ml/L increased thickness of both midvein and lamina of leaflet blades of Kidney bean 
'Giza 6' by 11.8 and 32.4% more than the control; respectively. Lamina thickness increases was accompanied 
with 28.5 and 29.9% increments in thickness of palisade and spongy tissues compared with the control; 
respectively. Likewise, the length and width of the main vascular bundle of the midvein were increased by 19.1 
and 22.8%, respectively more than the control. Also, average number of vessels per midvein bundle and 
diameter of xylem vessels were increased by 13.8 and 23.4% respectively, over the control.  
 Salama and Yousef (2015) stated that spraying basil plant with seaweed extract at concentration of 1.5 
ml/L increased thickness of both midvein and lamina of leaf blades by 1.5 % and 3.1 % more than the control. 
The increase in lamina thickness was accompanied with 16.7% and 2.8 % increments in thickness of palisade 
and spongy tissues compared with the control, respectively. Likewise, the main vascular bundle of the midvein 
was increased in size due to the increase in length by 14.7% and in width by 81.5% more than the control. 
Moreover, xylem vessels increased in diameter, being 15 % more than the control. 
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Fig. 1: Transverse sections through the blade of the fourth leaf developed toward the main stem apex of stevia 

cultivar Spanti at the age of 90 days as affected by foliar application with 4 g yeast extract/L, 1 ml 
seaweed extract /L and a mixture of 2 g yeast extract /L +1 ml seaweed extract /L. (X 100). 

1- Untreated plant (control).                 2- From plant sprayed with 4 g yeast extract /L.  
3- From plant sprayed with 1 ml seaweed extract /L                4- From plant sprayed with 2 g yeast extract /L +1 

ml seaweed extract /L  
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b- Anatomy of the stem: 
 Data presented in Table (8) and Figure (2) indicated that foliar application with yeast extract at 4 g/L 
increased the diameter of the main stem in Spanti and China-1by 7.7 and 37%, respectively more than that of the 
control.  

Although a decrement of 4% in number of vascular bundles was observed in Spanti less than that of the 
control. On contrast, an increase was recorded in China-1 by 6.9%. The increase thickness of cortex, phloem 
tissue, xylem tissue and parenchymatous area of the pith in Spanti were, 47.7, 40, 6.25 and 8.2 % more than 
those of the control, respectively. While in China-1were, 8.6, 30, 16.7 and 39.3% in the same order in China-1. 
Moreover, the thickness of main stem increased with application of seaweed extract in Spanti and China-1over 
control by 28 and 42.8%, respectively. Number of vascular bundles was increase in Spanti and China-1by 4 and 
13.8%, respectively. On the other hand, the thickness of cortex, phloem tissues, xylem tissues and 
parenchymatous pith was markedly increased in Spanti under the same conditions by 52.4, 50, 15.6 and 25.8%, 
respectively. Whereas in China-1the increasing were 11.4, 40, 38.9 and 25.4%, respectively. In the same table 
data showed that interactions between yeast at 2 g/L and seaweed extract  at 1ml/L increased markedly the 
thickness of main stem, cortex, phloem and xylem tissues as well as the thickness of parenchymatous pith in 
Spanti by 29.7, 80.9, 40, 12.5 and 39.2%, respectively. While the increments in China-1were 66.9, 25.7, 70, 44 
and 71%, in the same order. A decrease in number of vascular bundles observed in Spanti by 12% but in China-
1recorded an increase in the same trait by 24.1%. 
 
Table 8: Measurements in microns of certain histological features in transverse sections through the median portion of the 

4th internode of main stem of two stevia cultivars (Spanti and China-1) at the age of 90 days, as affected by foliar 
application with 4 g yeast extract /L, 1 ml seaweed extract /L and a mixture of 2 g yeast extract /L + 1 ml seaweed 
extract /L (Means of three sections from three specimens) 

Histological 
characters 

Treatments 
stevia cv. Spanti stevia cv. China-1 

Control 
 

4g 
yeast 

extract 
/L 

± % to 
control 

1ml 
seaweed 

extract /L 

± % to 
control 

2g yeast 
extract 

/L + 1ml 
seaweed 
extract 

/L 

± % to 
control 

Control 
 

4g 
yeast 

extract 
/L 

± % to 
control 

1ml 
seaweed 
extract 

/L 

± % to 
control 

2g yeast 
extract/L 

+ 1ml 
seaweed 

extract /L 

± % to 
control 

Main 
stem 
diameter 

1820 1960 +7.7 2330 +28 2360 +29.7 1660 2260 +37 2370 +42.8 2770 +66.9 

No. of 
Vascular 
bundles 

25 24 - 4 26 +4 22 -12 29 31 +6.9 33 +13.8 36 +24.1 

Cortex 
thickness 

105 155 +47.6 160 +52.4 190 +80.9 175 190 +8.6 195 +11.4 220 +25.7 

Phloem 
tissue 
thickness 

50 70 +40 75 +50 70 +40 50 65 +30 70 +40 85 +70.0 

Xylem 
tissue 
thickness 

160 170 +6.25 185 +15.6 180 +12.5 90 105 +16.7 125 +38.9 130 +44.4 

Parenchy
matous 
pith 
thickness 

970 1050 +8.2 1220 +25.8 1350 +39.2 1005 1400 +39.3 1260 +25.4 1720 +71.1 

 
  In this concern, Sabh and Shallan (2008) studied stem cross sections of bean plant treated with seaweed 
extract and found that there is a clear increase in the thickness of the epidermis, cortex, size of paranchyma cells 
and pith with increasing concentrations of extract used in comparison to non-treated plants. Also, Nassar et al. 
(2011) on Phaseolus vulgaris stated that foliar application with yeast extract at concentration of 100 ml/L 
increased the diameter of the main stem by 25.8% more than that of the control, and the increase could be 
attributed mainly to the prominent increase in thickness of stem wall by 32.7% more than that of the control 
although a decrement of 8.1% in diameter of hollow pith was observed less than that of the control. The 
thickness of epidermis, cortex, phloem tissue, xylem tissue and parenchymatous area of the pith were, 7.7, 49.8, 
54.3, 30.5 and 25.1 % more than those of the control, respectively. As well as Intedhar and Majeed (2015) on 
paper indicated that all seaweed extract concentrations used increased significantly the thickness of the cortex. 
Reaching their highest values; 387.64 and 356.96 μm for Flavio F1 and California wonder cultivar, respectively, 
using a concentration of 6 ml/L. The least thickness was 306.15 and 250.85 μm for both cultivars, respectively, 
which was obtained for control plants. With respect to the thickness of the vascular cylinder, it was clear that the 
use of seaweed extract at both concentrations caused a marked increase in the thickness, the increase was 
gradual as the concentration increased. The 6 ml/L gave the higher thickness reached 914.87 and 492.29 μm for 
the two cultivars; Flavio F1 and California wonder, respectively. With respect to the thickness of the pith area,  
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Fig. 2: Transverse sections through the blade of the fourth leaf developed toward the main stem apex of stevia 

cultivar China-1 at the age of 90 days as affected by foliar application with 4 g yeast extract /L, 1 ml 
seaweed /L extract and a mixture of 2 g yeast /L +1 ml seaweed /L. (X 100). 

1- Untreated plant (control)                                               2- From plant sprayed with 4 g yeast extract /L  
3- From plant sprayed with 1 ml seaweed extract /L    4- From plant sprayed with 2 g yeast extract /L +1 ml 
seaweed extract /L  
 
indicated that the use of seaweed extract reduced the thickness progressively with increasing the concentration 
of the extract. The 6 ml/L of seaweed extract recorded the least thickness which reached 713.20 and 374.06 μm 
in Flavio F1 and California wonder cultivar, respectively. 
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 Salama and Yousef (2015) recorded that foliar applications with seaweed extract at concentration of 1.5 
ml/L, increased the diameter of the main stem by 2.6% more than that of the control. The thickness of 
epidermis, cortex, phloem and xylem tissues were 13.3, 2.9, 21.0 and 47.6% respectively, more than those of the 
control, while a decrement of 4.6% in parenchymatous pith thickness was observed in plants treated with 
seaweed extract at 1.5 ml/L less than control. 
 

 
 

 
 

Fig. 3: Transverse sections through median portion of the main stem of stevia cultivar Spanti at the age of 90 
days as affected by foliar application with 4 g yeast extract /L, 1 ml /L seaweed extract and a mixture of  
2 g yeast extract /L +1 ml seaweed extract /L. (X40).  

1- Untreated plant (control).     2- From plant sprayed with 4 g yeast /L. 
3- From plant sprayed with 1 ml seaweed extract /L 4- From plant sprayed with 2 g yeast /L +1 ml seaweed 
extract /L  
Details: tri; trichome, ep; epidermis, co; cortex, ph; phloem, xy; xylem, pi; pith. 
 
4- Chemical constituents 
 Stevioside and rebaudioside-A contents are the most important and economical chemical constituents of 
stevia leaves. 
 Data presented in Table (9) illustrated the effect of the foliar application with different concentration of 
yeast or seaweed extracts and their interaction on percentage of stevioside and rebaudioside-A in dry leaves of 
two stevia cultivars in first cut. It is obvious from leaves analysis that, there are differences between the two 
studied cultivars where Spanti recorded the highest stevioside percentage (4.83%) more than China-1 (3.92%). 
As to rebaudioside-A percentage, China-1 gave the highest (6.7%) more than Spanti (4.2%) in untreated plants 
(control). On the other hand, foliar application of yeast at 2 g/L recorded the highest percentage of stevioside 
(4.45%) in Spanti as compared with (2.66%) in China-1. While the application of yeast at 4 g/L gave the highest 
rebaudioside-A percentage (6.00%) in China-1 as compared with (3.60%) in Spanti. 
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Fig. 4: Transverse sections through median portion of the main stem of stevia cultivar China-1 at the age of 90 

days as affected by foliar application with 4 g yeast extract /L, 1 ml seaweed extract /L and a mixture of  
2 g yeast extract /L +1 ml seaweed extract /L. (X40).  

1- Untreated plant (control).                                                 2- From plant sprayed with 4 g yeast extract /L 
3- From plant sprayed with 1 ml seaweed extract /L           4- From plant sprayed with 2 g yeast extract /L +1 ml 

seaweed /L  
Details: tri; trichome, ep; epidermis, co; cortex, ph; phloem, xy; xylem, pi; pith 
  

As to the effect of seaweed extract, foliar application at 1.0 ml/L showed the highest percentage of 
stevioside (4.34%) in Spanti, while China-1 recorded the highest percentage of rebaudioside-A (6.2%). 
 Concerning the effect of interaction between yeast and seaweed extracts, spray with mixture of 2g yeast 
extract /L + 1.0 ml seaweed extract /L recorded the highest percentage of stevioside (5.15%) in Spanti and 
showed the highest rebaudioside-A percentage (7.0%) in China-1. Since rebaudioside-A percentage is 
economically more important and from data shown in Table (9), China-1 is considered superior to Spanti in this 
trait and can be used in breeding programs to increase rebaudioside-A percentage. The lower effect of yeast 
application might be due to the stevia leaves feature as a semi anti yeast effect. Also, due to the same previous 
reason, the combination of yeast and seaweed extract did not show much effect on chemical constituents of 
stevia leaves. As far as the authors are aware, previous information about the effect of foliar application with 
yeast or seaweed extracts and their interaction on percentage of stevioside and rebaudioside-A of stevia plant or 
other related species are not available in the literature.  
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Table 9: Effect of yeast or seaweed extracts at different concentrations and their interaction on stevioside and rebaudioside-
A percentages in dry leaves of two stevia cultivars (Spanti and China-1) at first cut. 

Treatments 
Stevioside and rebaudioside-A percentages in stevia dry leaves 

stevia cv. Spanti stevia cv. China-1 
Stevioside % Rebudioside- A% Stevioside % Rebudioside- A% 

Control 4.83 4.2 3.92 6.7 
 

Yeast extract 
2   g /L 4.45 3.3 2.66 5.8 
4   g /L 4.37 3.6 2.75 6.0 

Seaweed  extract 
0.5  ml /L 4.32 3.4 2.68 6.1 
1.0  ml /L 4.34 3.9 2.89 6.2 

2 g yeast extract  /L  + 0.5 ml 
seaweed extract /L 

5.07 4.0 3.85 6.1 

2 g yeast extract  /L + 1.0 ml seaweed 
extract /L 

5.15 4.3 3.94 7.0 

4 g yeast extract /L + 0.5 ml seaweed 
extract /L 

4.63 4.1 3.89 5.9 

4 g yeast extract  /L + 1.0 ml seaweed 
extract /L 

4.44 4.2 3.93 6.2 
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