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ABSTRACT 
        Two field experiments were conducted during the two successive winter seasons of 2012 and 2013 at 
Experimental Station of National Research Centre at Nubaria region North Egypt to investigate the effect of 
foliar application of some microelements and yeast on infestation with insect and mite pests growth, yield and 
fruits quality of hot pepper plants. The important detected results are as following: 

1- Basically the repellent effect of hot pepper plant leaf volatiles or chemical contents on Tetranychus 
urticae as well as  Myzus persicae, and Bemesia  tabaci was obvious from too low population size in 
the first season and non detectable in the second one regardless of micronutrients dose. 

2-  Yeast extract higher dose reduced population of T.urticae significantly and partially population of 
B.tabaci Also spraying with. Mn enhanced Both T. urticae and B. tabaci population.  

3- Plant growth characters, total fruits yield and its quality of hot pepper plants grown under plastic house 
conditions significantly increased by increasing the concentration of yeast extracts in spraying solution 
from 2 g/L up to 4 g/L.                                                         

4-  Plants which received the mixture of Fe, Mn and Zn as spraying application resulted the best vigor 
plant growth, total fruits yield and fruits quality compared individual spraying and no treated 
treatments.  

5- Hot pepper plants sprayed by high level of bio fertilizer (Yeast extract at 4 g/L) with the mixture of Fe, 
Mn and Zn gained the lowest insect and mite populations besides the best   plant growth, total fruits 
yield and its quality. 

 
Key words: :  Hot pepper- yeast extract- micro-nutrients- foliar application- insect and mite pests growth- yield- 

fruit quality.    

 
Introduction 
        Hot pepper (Capsicum annum L.) is an important agronomic crop which are rich in antioxidants, vitamin C, 
pro-vitamin A, E, P, B1 (thiamine), B2 (riboflavin) and B3 (niacin) and good source of potassium, phosphorus 
and calcium. It is widely consumed both as fresh and dehydrated spices Bosland and Vostava, (2000). 
Moreover, it is one of the valuable medicinal plants in pharmaceutical industries because of high amounts of 
antioxidant and capsaicin as main active substances Navarro et al. (2006).   Chemical constituents of hot pepper 
are not restricted for anti-occidental activity but also its content of volatiles and tannins acts as insect and mite 
repellent chemicals which also varies considerably according to plant accession Antonius et al. (2006, 2007). 
The study of Antonius et al. (2006) dealt with toxicity and repellent effect of twenty-four Capsicum accessions 
(Solanaceae) to the spider mites. Their results from diving board bioassays indicated that mites avoided filter 
paper strips treated with hot pepper extracts from accessions PI-596057 (C. baccatum), PI-195299 (C. annuum), 
and Grif- 9270 (C. annuum Capsaicin and dihydrocapsaicin, the pungent components of pepper fruit, were not 
correlated with toxicity or repellency, indicating that these are not likely related to the toxicity or repellency of 
the pepper fruit extracts. Other, unidentified chemicals are likely responsible for toxicity and repellency to the 
two-spotted spider mite. An attempt was made to correlate repellency with chemical constituents of fruit 
extracts of the most repellent accessions to identify chemical sources of repellency. Capsaicin and 
dihydrocapsaicin, the pungent components of pepper fruit, were not correlated with toxicity or repellency, 
indicating that these are not likely related to the toxicity or repellency of the pepper fruit extracts. Also hot 
pepper accession varies widely in their susceptibility to insect and mite infestation. . The population dynamics 
of aphids, whiteflies, thrips, mites, nematodes and plant performance parameters of branching and fruit weight 
are accession trait. The hot pepper and cowpea system greatly lowered infestations of aphids and nematodes on 
hot pepper, but did not decrease thrips and whiteflies; and brought about a yield penalty on hot pepper as 
mentioned by Karungi, et al. (2010).Yeast as natural stimulator is also characterized by its richness in protein 
47%, carbohydrates 33%, nucleic acid 8%, lipids 4%, and different minerals 8% such as Na, Fe, Mg, K, P, S, 
Zn, Mn, Cu, Si, Cr, Ni, Va and Li in addition to thiamin, riboflavin, pyridoxine, hormones and other growth 
regulating substances, biotin, B12 and folic acid (Nagodawithana, 1991). Yeast is one of the richest source of 
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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. Earlier reports explained the effect of yeast application on vegetative and fruit growth due to its 
richness in tryptophan which consider precursor of IAA (Indole Acetic Acid) and on flower ignition due to its 
effect on carbohydrate accumulation (Warring and Philips, 1973). Bio fertilizers application had a good effect 
on growth, yield, quality and marketing of vegetables El-Tohamy et al. (2008) on eggplant and IslahEl-Hifny 
and EL-sayed (2011) on sweet pepper. Also, bio fertilizers play a fundamental role in converting pand k 
nutrition making the uptake of nutrients by plants more easy (Abdalla et al., 2001). 
         In addition, now more than other times vegetable plants needs not only N, P and K but also for other 
mineral nutrients, such as Fe, Mn and Zn. The mechanism role of these nutrients in metabolism processes were 
studied by many authors such as (Tamilselvi et al., 2002; Hatwar et al., 2003, Shaheen et al., 2007a and Savitha  
2008) they showed that, the application of some minerals as foliar spray caused an enhancement in plant growth, 
fruit yield and its physical and chemical properties of fruits. In the same respect, Bhatt et al. (2004) studied the 
effect of foliar application of micronutrients on yield and economics of tomato. They reported that foliar 
application of FeSO4 at 0.01 per cent resulted in significant improvement in yield per ha which might be 
attributed to increased photosynthetic activity and increased production and accumulation of carbohydrate. Also, 
Malawadi et al. (2004) studied the effect of soil application of micronutrients on yield and quality of chilli (Cv. 
Byadgi dabbi). They observed that, application of iron in the form of iron chloride at 12 kg per ha recorded 
higher fruit weight (198.1 g), yield (843.86 kg/ha) and recorded maximum ascorbic acid (81.67 mg/100 g) 
content of pepper fruits. Also, Batra et al. (2006) and Savitha (2008) reported that, foliar application of iron in 
the form of iron sulphate 5 g per liter at 40, 50 and 60 days after transplanting resulted in significant 
improvement in ascorbic acid content (25.29 mg/100 g) in tomato fruits. The most probable reason for increased 
Vitamin C content might be due to increase in the activity of ascorbic acid oxidize enzyme causing the marked 
improvement in Vit-C content. Tamilselvi et al. (2002) observed maximum TSS (3.4°Brix), acidity (0.51%), 
ascorbic acid (27.22 mg/100 g) and lycopene contents (5.5 mg/100 g) with the application of micronutrients 
combination viz., in tomato.                                                                                                                                  
      The aim of this study is to reveal the response of foliar application of two levels of yeast extract with foliar 
application of Fe, Mn and Zn as individually and/or a mixture.                                                                                                                                 
 
Material and Methods 
          Two experiments in plastic house were conducted at Experimental Station of National Research Centre at 
Nubaria region, North Egypt to study the effect of foliar application of some microelements and yeast on 
growth, yield and fruits quality of hot pepper plants at winter season of 2012 and 2013. The experimental site 
had a sandy soil texture with pH of 7.6, Ec of 0.19 and the organic matter was 0.21% with 14.00, 8.90 and 15.60 
mg/100g soil of N,P and   respectively. Hot pepper seedlings (Capsicum annuum L.)  Hybrid F1 cv. Beni-sweif 
was obtained from a local commercial nursery. Healthy seedlings of uniform size were selected and transplanted 
on Oct. 7, 2011 and Oct. 5, 2012. Full dose of P2O5 (90 kg/fed.) as single super phosphate (15%P2O5) and half 
dose of K2O (60 kg/fed.) as potassium sulfate (50% K2O) plus compost (5 ton/fed.) were added and the mixture 
was incorporated into the top 15 cm of the ridge at soil preparation. While remaining K dose was applied 45 
days after transplanting. Chemical fertilizers including mineral N were added through the fertigation system. A 
drip irrigation system was designed for the experiment. Regular standard agricultural practices common in the 
area as recommended by Egyptian Ministry of Agriculture by plastic house were followed. In this work the 
different foliar application with Fe, Mn and Zn as individual spraying and /or as a mixture to hot pepper were 
conducted according to the classification of U.S. Salinity Laboratory Staff (1954) and FAO (1988). At 45 day 
old, the Fe, Mn and Zn in the form of Agro- Fe 8.5%, Agro-Mn 7.0% and Agro-Zinc 8.5% respectively were 
sprayed at a concentration of 1% for each, then repeated with 10 days interval for 3 times. 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).                                                            
 
Mite and insect pest sampling procedure 
Sampling for insect and mite pests: 

Weekly, ten leaves / treatment were collected randomly within the experimental subplots, but 
representing different plant strata, the utmost apical or bottom leaves on plants were excluded from sampling. 
All mite and insect pests were counted using a stereomicroscope, sampling of flying insects (adult of white fly ) 
was performed directly by visual assessment. A split-plot design with three replicates was used the main blot 
treatments were foliar application of yeast at two levels (2 and 4g/L) and the microelements (Fe, Mn and Zn as 
individual and mixtures of them and water) represent the main sub blot treatments. This experiment included 10 
treatments which included all combinations between the foliar applications of two levels of bio fertilizers (2 and 
4 g/L) with five sources of macronutrients. Each experimental plot area was 20 m2 (four ridges each was 1m in  
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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 

 

width and 5m in length). At the vegetative growth stage, random samples of five plants from each plot were 
taken 45 days from transplanting for determination of plant length (cm), number of branches and leaves per 
plant as well as leaf area plant (LA cm2) and net assimilations rate (NAR mg / cm2/ day) were determined on the 
leaves No.4 from the plant top using a digital leaf area meter was calculated according to Watson (1958) 
At harvesting time (60 days from transplanting) pepper fruits were picked weekly through the harvesting period 
for estimation of yield parameters, i.e. number and weight of fruits per plant, total yield per m2. For fruit quality 
determination a random sample of 20 fruits from each plots were taken and the average fruit weight, fruit length 
and diameter were recorded and also chemical properties of fruit nitrogen contents was determined according to 
Black(1983). In addition, protein percentages in fruit were calculated by multiplying nitrogen content by 6.25. 
TSS% was determined according to AOAC (1975). Dry matter of pepper fruit tissues was determined according 
the method described by Dubois et al (1956). The obtained data of experiments were subjected to the 
statistically analysis of variance procedure and means were compared using the LSD method at 5% level of 
significance according to Gomez and Gomez (1984).    

 
Results and Discussion 

 
Insect and mite pests status 

It is common the correlation between hot pepper accessions and insect and mite pests due to different host 
quality ( Caroline et al., 2002, and Adnago et al., 2006). The present experiments were carried out using C.annum var. 
Beni Sweef. and showed as seen in Table (2) in the first season 2012, the host plant tolerance against the two spotted 
spider mite T. urticae beside immune to infestation with aphids M. persicae. On the other hand infestation with the 
white fly B .tabaci was persistent low population. Similarly leaf inspection did not reveal  any infestation neither with 
the broad mite Polyphagotarsonemus latus nor Thrips spp. Such results conformed with the common trend pointing to 
deterrent or toxic effect of hot pepper plants to herbivore, which globally induce further studies dealing with host 
plant content of Terpenoids and Taninnes (Antonious et al., 2006 and 2007). Considering influence of nutrition on 
pest status as shown in Table 1 which reflect direct reduction up to disappear of T. urticae population and partially B. 
tabaci particularly using yeast extract. Which are in agreement with Wermelinger et al., (1991) whom findings stated 
that the content of phenolic compounds in the apple leaves increased with N and P deficiency. Developmental rate and 
oviposition rate of T.urticae were both  positively correlated with leaf N . Fecundity was positively correlated with N 
and carbohydrate content of the leaves, and negatively with the phenolic content. Nitrogen shortage had the most 
distinct influence on mite population growth: in a range of 1.5–3.0% leaf N, increased by a factor of 4, the number of 
multiplications per generation (R 0) by 11, and the doubling time of the population was prolonged 4-fold on severely 
N deficient leaves. The above mentioned insect and mite pests  shown herein in Table 6 were fully undetectable in the 
second season 2013. 
 
Growth characters: 
Effect of levels yeast extracts Application: 
         Data in Table (3) show the effect of yeast extracts application on the vegetative growth of hot pepper 
plants grown under plastic house. Results indicated that, all the vegetative growth parameters i.e. number of 
leaves and net assimilation rate (NAR mg / cm2/ day) in both seasons and numbers of branches in 1st season 
were gradually and significantly increased by increasing the concentration of yeast extracts in spraying solution 
from 2 g/L up to 4 g/L. In addition, the improving of vegetative growth of hot pepper plants by increasing the 
level of yeast extract application may be due to that, yeast extracts are natural components contain many of the 
nutrient elements and cytokininis, which are safe and non-pollutant. Yeast extracts contain a considerable 
amounts of amino acids (Abou zaid, 1984); mineral elements, carbohydrates, reducing sugars, enzymes and 
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vitamins B1,2,3,12. Also it is a source of cytokinins and protein that enhance cell division and enlargement of 
cell (Barnett et al., 1990). Moreover, Yeo et al., (2000) found that yeast extracts contain trehalose-6-phosphate  
Table 2. Effect of interaction between two levels of bio fertilizers and sources of some micronutrients on population of insect and mite   

pests on hot pepper during 2012 and 2013 seasons. 

Levels  of bio 
fertilizers 

Sources of 
micronutrients 

Population of 
Tetranychus urticae Myzus persicae Bemisa tabaci 
2012 2013 2012 2013 2012 2013 

 
Yeast 

at 2 g/L 

0 1.00    5.67  
Fe 0    9.00  
Mn 22.33    12.00  
Zn 0    5.67  

Fe+ Mn+ Zn 0    4.33  
Mean 4.67    7.33  

 
Yeast 

at 4 g/L 

0 1.00    5.67  
Fe 0    6.33  
Mn 0    6.67  
Zn 0    11.67  

Fe+ Mn+ Zn 0    4.67  
Mean 0.20    7.00  

 
Mean of 

micronutrients 

0 1.00    5.67  
Fe 0    7.67  
Mn 11.17    9.33  
Zn 0    8.67  

Fe+ Mn+ Zn 0    4.50  

LSD at 
5% 
 

Bio- NS    NS  
Micro. 5.10    3.55  
Inter. 7.22    5.03  

 
syntheses which are a key enzyme for trehalose bio synthesis. These results are in agreement with those 
mentioned by (El-Desuki and El-Gereadly 2006, El-Tohamy et al 2008, IslahEl-Hifny and EL-Sayed 2011 and 
Asmaa et al 2013). They reported that, the vegetative growth of plants, leaves content of photosynthesis 
pigments, free amino acids, carbohydrates and cytokininis, yield and quality as well as nutritive value were 
increased by increasing the concentration of yeast extract in spraying solution. 
 
Effect of foliar application of some microelements: 
         The nutrition with Fe, Mn and Zn as individually nutrient and/or as mixture gained a significant effect on 
the most hot pepper plant growth parameters. Whereas, in both experiments, that its plants which received the 
mixture of Fe, Mn and Zn as spraying application resulted the best vigor, i.e the tallest plant, heaviest number of 
leaves, leaf area/ plant (LA cm2) and net assimilation rate (NAR mg/cm2/day) followed in descending order  the 
individual application followed the control. However, supplying hot pepper plants by Fe, Mn and/ or Zn as 
individual or mixture caused good growth parameters if compared with that plant which no fertilized (control). 
These findings were true in both two seasons.  It could be concluded that, the superiority of hot pepper plant 
growth which obtained the mixture micronutrients (Fe, Mn and Zn) its effect might be attributed to increased 
photosynthetic activity and increased production and accumulation of carbohydrate. In addition, they play an 
essential role in improving plant growth, through the biosynthesis of endogenous hormones which responsible 
for promoting of plant growth (Hansch and Mendel, 2009). The obtained data are in good accordance with those 
which previously reported by Tamilselvi et al., (2002); Hatwar et al. (2003), Shaheen et al., (2007a.) and 
Savitha (2008) they showed that, the application of some minerals as foliar spray caused an enhancement in 
plant growth, fruit yield and its physical and chemical properties of fruits. 
  
Effect of the interaction between foliar application of yeast extract and micronutrients: 
        Table (3) show that, hot pepper plants sprayed by high level of bio fertilizer (Yeast extract at 4 g/L) with 
the mixture of Fe, Mn and Zn gained the best plant growth, i.e. the tallest plant length, the heaviest number of 
leaves and stems, the largest LA /plant (cm2) and NAR (mg / cm2/ day) in the two experimental seasons. 
However, the statistical analysis of the obtained data reveals that, the differences within the interaction 
treatments of foliar application of bio fertilizer yeast extract and micro minerals were not great enough to reach 
the 5% level of significant. On the contrary, the lowest plant growth characters were obtained by foliar 
application of low level of yeast extract (2g/L) with tap water. These findings were true in both seasons. 
 
Total fruit yield: 
Effect of levels yeast extracts Application: 
       Data in Table (4) show the effect of yeast extracts application on total yield of hot pepper during 2012 and 
2013 seasons. Results clear that, total fruits yield were gradually and significantly increased by increasing the 
concentration of yeast extracts in spraying solution as shown in both growing seasons, except for number of 
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fruits in the first season and total yield per plant in the second season which no significant difference was 
detected between spraying with 2 g/L or 4 g /L of yeast extracts. However, foliar application of high level of 
yeast extract (4 g/L) produced highly significant increases of to total yield /m2 (kg) of hot pepper fruits on both 
seasons. The increase was 9.08 % and 8.83 % in the first and second season respectively when compared by its 
low level (2 g/L). These increases might be attributed to increase the vegetative growth (Table 2). Also, might 
be due to the direct or indirect effect of its ability to change the environment of the root system to form a fine 
network of polysaccharide that behaves symbiotically with the rhizome, or because the development of the yeast 
after its saturation with groups of amino acids and vitamins. These results were in harmony with those reported 
by El-Desuki and El-Gereadly (2006); El-Tohamy et al., (2008); IslahEl-Hifny and EL-Sayed (2011) and 
Asmaa et al., (2013). 
                                                                                                                
Effect of foliar application of some microelements: 
        Concerning to the effect of the micro-nutrients application i.e. Fe, Mn and Zn individual or mixture on the 
total yield of hot pepper fruits (Table 4), the resulted data showed that the micro-nutrients had an enhancement 
in fruits yield and its components if compared with that plant no received (control). The presented data revealed 
that, application of the mixture of Fe, Mn and Zn resulted the heaviest fruits yield per m2 (1.97 and 1.58 kg in 1st 
and 2nd seasons respectively). The response of number of fruits/plant and total yield /plant to the application of 
some micro-nutrients nearly followed the same pattern of change which mentioned before. Generally, it could 
be abstracted that, foliar application of the mixture contained Fe, Mn and Zn was the best favorable effect on the 
total yield of hot pepper fruits. Also it could be stated that, the micro-nutrients such as Fe or Mn and or/ Zn 
gained an enhancement plant productively if compared to the control treatment. The higher total fruits yield of  
 
 
Table 3.Effect of interaction between two levels of bio fertilizers and sources of some micronutrients on growth characters of hot pepper 

during 2012 and 2013seasons. 

Levels  of bio 
fertilizers 

Sources of 
micronutrients 

Plant length 
( cm) 

Number of plant 
LA cm2 

NAR 
mg / cm2/ day Leaves Branches 

2012 2013 2012 2013 2011 2013 2011 2012 2011 2012 

Yeast 
at 2 g/L 

0 58.306 61.521 80.593 78.000 6.511 6.177 51.183 49.813 16.211 15.536 
Fe 62.546 66.220 86.053 86.676 6.850 6.930 53.063 51.196 17.216 16.603 
Mn 65.240 67.372 88.410 88.410 6.367 6.997 61.343 58.266 17.273 16.703 
Zn 68.033 69.033 88.531 88.336 6.663 7.621 75.703 67.350 16.973 16.696 

Fe+ Mn+ Zn 68.956 69.770 86.720 88.803 6.793 6.910 82.326 68.786 18.496 17.96 
Mean 64.617 66.784 86.061 86.045 6.637 6.927 64.724 59.083 17.234 16.700 

Yeast 
at 4 g/L 

0 58.306 61.521 80.593 78.000 6.510 6.177 51.183 49.813 16.210 15.536 
Fe 63.630 66.970 88.903 88.903 7.293 6.550 57.003 54.673 18.073 17.060 
Mn 65.781 67.776 89.633 89.633 7.543 6.033 66.170 60.496 18.703 18.040 
Zn 68.362 68.876 90.143 91.386 7.510 6.020 73.881 70.626 20.020 18.260 

Fe+ Mn+ Zn 69.340 69.913 92.113 94.016 8.580 6.981 74.7633 69.303 20.660 18.423 
Mean 65.083 67.011 88.277* 88.388* 7.487* 6.352 64.600 60.983 18.733* 17.464* 

Mean of 
micronutrients 

0 58.306 61.52 80.593 78.00 6.51 6.1766 51.1833 49.813 16.21 15.536 
Fe 63.088 66.595 87.478 87.79 7.0716 6.74 55.0333 52.935 17.645 16.831 
Mn 65.51 67.576 89.021 89.021 6.955 6.515 63.7566 59.381 17.988 17.371 
Zn 68.196 68.955 89.336 89.861 7.0866 6.82 74.7916 68.988 18.496 17.56 

Fe+ Mn+ Zn 69.148* 69.841* 89.416* 91.41* 7.6866 6.945 78.545* 69.045* 19.578* 18.11 * 

LSD at 
5% 

Bio- NS NS 1.340 2.210 0.690 NS NS NS 1.080 0.400 
Micro. 1.640 1.440 2.770 1.880 NS NS 4.470 5.790 1.120 1.100 
Inter. NS NS NS NS NS NS NS NS NS NS 

 LA cm2 = green leaf area.             NAR = Net Assimilation Rate mg /cm2/ day. 

 
hot pepper obtained from using the mixture of Fe, Mn and Zn may be due to Fe is directly involved in 
manufacture of chlorophyll and important during early growth stage of plant, manganese is involved in protein 
manufacture, respiration and enzyme function, and Zn is a catalyst for plant growth regulators and is very 
important for plant maturity (Roy et al., 2006). Many workers applied micro-nutrients particularly Fe, Mn and 
Zn as foliar spraying for vegetable plants and their results supported the obtained data (Tamilselvi et al., 2002; 
Hatwar et al., 2003; Shaheen et al., 2007a and Savitha 2008). 
                                                                                              
Effect of the interaction between foliar application of yeast extract and micronutrients: 
       The interaction between foliar application of yeast extract and some micro-nutrients of Fe, Mn and Zn as an 
individual nutrient and /or a mixture had no great effect on the total fruits yield of hot pepper Table (4). These 
were similar in both experiments. However, foliar application of high level of yeast extract (4 g/L) with mixture 
of Fe, Mn and Zn gave the highest total fruit yield and different organs. On the contrary, the lowest total yield 
and different organs were obtained by foliar application by low level of yeast extract with tap water. These were 
similar in both seasons. 
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Table 4. Effect of interaction between two levels of bio fertilizers and sources of some micronutrients on total yield of hot pepper during 
2012 and 2013 seasons. 

Levels  of 
bio fertilizers 

Sources of 
micronutrients 

Number of fruits / plant 
Total yield / plant 

(g) 
Total yield /m2 

(kg) 
2012 2013 2012 2013 2012 2013 

 
Yeast 

at 2 g/L 

0 57.370 58.630 430.873 363.867 1.721 1.4147 
Fe 67.027 61.940 473.567 406.780 1.821 1.5077 
Mn 66.103 65.817 476.131 394.307 1.827 1.4933 
Zn 65.343 65.060 462.970 384.287 1.743 1.4120 

Fe+ Mn+ Zn 68.083 64.780 481.641 384.623 1.863 1.5363 
Mean 64.785 63.245 465.036 386.773 1.795 1.4728 

 
Yeast 

at 4 g/L 

0 57.370 58.630 430.873 363.867 1.721 1.4150 
Fe 69.857 65.607 487.293 411.537 1.925 1.5921 
Mn 71.267 67.830 496.097 425.690 1.983 1.6490 
Zn 71.073 70.270 494.037 432.453 2.077 1.6310 

Fe+ Mn+ Zn 73.097 71.043 500.480 448.920 2.082 1.7290 
Mean 68.533 66.676* 481.756* 416.493 1.958* 1.6031* 

 
Mean of 

micronutrients 

0 57.3700 58.6300 430.8733 363.8667 1.721333 1.414667 
Fe 68.44167* 63.77333* 480.43* 409.1583 1.873333* 1.549833* 
Mn 68.685* 66.82333* 486.1133* 409.9983 1.904833* 1.571333** 
Zn 69.2200* 67.6650* 481.725* 408.370 1.912333* 1.570667* 

Fe+ Mn+ Zn 69.57833* 67.91167* 487.8383* 416.7717 1.970167* 1.58350** 

LSD at 
5% 

 

Bio- NS 3.320 11.710 NS 0.100 0.110 
Micro. 2.830 5.070 19.710 NS 0.140 0.120 
Inter . NS NS NS NS NS NS 

 
Physical fruit quality: 
Effect of levels yeast extracts Application: 
        As for physical fruits quality Table (5) results clear that physical properties  of hot pepper fruits expressed 
as average weight of fruit (g), fruit length and diameter (cm) were gradually increased with increasing the 
concentration of yeast extracts in spraying solution from 2 g/L up 4 g/L. These results were true in both growing 
seasons.  The statistical analysis of the obtained data recorded a nun significant difference within different 
concentration of yeast extracts. In addition, the improving of the physical fruits quality by increasing the level  
of yeast extract application may be due to that, yeast extracts are natural components contain many of the 
nutrient elements and cytokininis, which are safe and non-pollutant. Their results supported the obtained data 
(Shehata, 2001; El-Desuki and El-Gereadly 2006 and Asmaa et al., 2013) they reported that, the fruits quality 
was increased by increasing the concentration of yeast extract in spraying solution. 
 
Effect of foliar application of some microelements: 
         The response of physical fruits quality of hot pepper i.e weight of fruit (g), fruit length and diameter (cm) 
were increased by foliar application of micro-nutrients as individually nutrient and/or as mixture compared no 
fertilizer (control). These increase no retch the significant levels in both seasons. In the same respect, foliar 
application of the mixture contained Fe, Mn and Zn was the best favorable effect on the physical fruits quality. 
  
Effect of the interaction between foliar application of yeast extract and micronutrients: 
       The interaction between foliar application of the two levels of yeast extract and foliar application of micro-
nutrients as individually or as mixture (Table 5) had a slow great effect on the physical fruits quality. Generally, 
it could be abstracted that, foliar application of high level of yeast extract (4 g/L) with the mixture contained Fe, 
Mn and Zn produced enhancement fruits quality. On the contrary, the lowest value of fruits quality was obtained 
by foliar application of low level of yeast extract (2g/L) with tap water.  
 
Chemical fruits quality: 
Effect of levels yeast extracts Application: 
          Table (6) presented the chemical constituents of fruits tissues i.e. N %, protein %, TSS %, dry matter % 
and vitamin C (mg/100g FW) were gradually increased with increasing the concentration of yeast extracts in 
spraying solution from 2g/L up 4g/L These results were true in both growing seasons. The statistical analysis of 
the obtained data recorded a significantly increased the percentage of protein content in fruits tissue on both 
seasons and the percentage of nitrogen content in the first season only with increasing the level of yeast extract 
from 2g/L up 4g/L. However, the chemical constituents of hot pepper fruits i.e TSS%, dry matter% and vitamin 
C (mg/100g FW) were increased by increased the level of yeast extract from 2g/L up to 4g/L but these increase 
did not retch the significant level. Their results supported the obtained data (Shehata, 2001; El-Desuki and El-
Gereadly 2006 and Asmaa et al., 2013). 
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Effect of foliar application of some microelements: 
          The application of Fe, Mn and Zn as individual and/or mixture for hot pepper fruits Table (6) resulted 
more nutritional values, i.e., protein, N, TSS, dry matter and vitamin C in fruits tissues if compared with the no 
supplied plants. Moreover, that plants which treated with the mixture of Fe, Mn and Zn resulted the best 
chemical properties as in a comparison with that plant received the individual nutrient. These results were 
similar in the two experiments of 2011 and 2012. It could be concluded that, foliar spraying with the mixture of 
Fe, Mn and Zn for hot pepper plant had an enhancement in the chemical constituents of pepper fruits. This 
might be attributed to the role of each micro-nutrient in plant metabolism which reflected on the total fruits yield 
and its properties. Many authors studied the response of vegetable fruits yield to the application of micro-
nutrients and their reports are in good accordance with that which written here (Almadinis and Hamail, 2001; 
Abdel-Baky, 2005; Aisha et al., 2007; Shaheen et al., 2007a and  Savitha 2008). 
 
Table 5. Effect of interaction between two levels of bio fertilizers and sources of some micronutrients on physical fruit quality of hot pepper 

during 2011 and 2012 seasons. 

Levels  of 
bio fertilizers 

Sources of 
micronutrients 

Average weight of fruit 
(g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

2012 2013 2012 2013 2012 2013 

 
 

Yeast 
at 2 g/L 

0 6.111 5.777 13.713 13.380 1.307 1.240 
Fe 6.033 5.663 13.857 13.523 1.423 1.243 
Mn 6.204 5.863 13.973 13.510 1.363 1.297 
Zn 6.293 6.178 14.517 13.777 1.300 1.210 

Fe+ Mn+ Zn 6.261 5.929 14.350 13.683 1.327 1.260 
Mean 6.180 5.883 14.082 13.575 1.344 1.250 

Yeast 
at 4 g/L 

0 6.111 5.778 13.713 13.380 1.307 1.240 
Fe 6.297 6.261 14.083 13.960 1.313 1.210 
Mn 6.192 5.998 14.517 13.850 1.350 1.233 
Zn 6.331 5.856 14.010 13.803 1.373 1.307 

Fe+ Mn+ Zn 6.600 6.514 14.217 14.477 1.437 1.297 
Mean 6.306 6.081 14.108 13.894 1.356 1.257 

 
Mean of 

micronutrients 

0 6.1110 5.777667 13.71333 13.3800 1.306667 1.2400 
Fe 6.165167 5.9620 13.9700 13.74167 1.368333 1.226667 
Mn 6.267667 5.9305 14.2450 13.6800 1.356667 1.265 
Zn 6.24250 6.0170 14.26333 13.7900 1.336667 1.258333 

Fe+ Mn+ Zn 6.430833 6.221667 14.28333 14.0800 1.381667 1.278333 

LSD at 
5% 

 

Bio- NS NS NS NS NS NS 
Micro. NS NS NS NS NS NS 
Inter . NS NS NS NS NS NS 

 
Table 6. Effect of interaction between two levels of bio fertilizers and sources of some micronutrients on chemical fruit quality of hot 

pepper during 2012 and 2013 seasons. 
 Levels  of bio 

fertilizers    
           

Sources of 
micronutrients 

               

% mg/100 g FW 
N Protein  TSS Dry matter  Vitamin C 

2012 2013 2012 2013 2012 2013 2012 2013 2011 2012 

 
            Yeast  

at 2 g/L  

0 3.317 2.983 20.730 18.646 3.6333 3.5666 10.113 10.113 50.736 51.056 
Fe 3.356 2.854 20.980 18.896 3.5666 3.6533 10.646 10.316 59.653 59.653 
Mn 3.380 3.013 21.126 19.046 3.680 3.650 10.513 10.513 60.05 60.05 
Zn 3.366 2.790 20.790 18.603 3.6966 3.6733 10.743 10.586 60.7 60.7 

Fe+ Mn+ Zn 3.397 2.640 20.960 18.876 3.4966 3.6333 10.400 10.406 60.156 60.156 
Mean 3.363 2.856 20.917 18.814 3.6146 3.6353 10.483 10.387 58.259 58.323 

 
Yeast  

at 4 g/L         

0 3.317 2.983 20.730 18.646 3.6333 3.5666 10.113 10.113 50.736 51.056 
Fe 3.517 3.393 20.940 18.853 3.620 3.660 10.6 10.293 57.256 57.256 
Mn 3.507 3.116 21.690 19.603 3.580 3.650 10.203 10.126 58.743 58.743 
Zn 3.527 3.370 22.040 19.960 3.6466 3.700 10.246 10.283 58.776 58.776 

Fe+ Mn+ Zn 3.527 3.536 21.900 19.813 3.6466 3.7533 10.386 10.296 59.366 59.366 
Mean 3.479* 3.363 21.458* 19.375* 3.6253 3.666 10.310 10.222 56.976 57.04 

 
                

Mean of 
micronutrients 

0 3.316 2.983 20.73 18.646 3.6333 3.5666 10.113 10.113 50.736 51.056 
Fe 3.4367* 3.123 20.958 18.875 3.5933 3.6566 10.623 10.305 58.455 58.455 
Mn 3.443* 3.065 21.406* 19.325* 3.63 3.65 10.358 10.32 59.396 59.396 
Zn 3.446* 3.08 21.416* 19.281* 3.6716 3.6866 10.495 10.435 59.738 59.738 

Fe+ Mn+ Zn 3.461* 3.088 21.428* 19.345* 3.5716 3.6933 10.393 10.351 59.761 59.761 
LSD at  

5% 
                  

Bio- 0.070 NS 0.460 0.540 NS NS NS NS NS NS 
Micro. 0.080 NS 0.520 0.550 NS NS NS NS NS NS 
Inter . NS NS NS NS NS NS NS NS NS NS 

 
Effect of the interaction between foliar application of yeast extract and micronutrients: 
         The interaction within the foliar application of two levels of yeast extract with same micro-nutrients as 
foliar application affected the nutritional values of fruits yield as showed in Table (6). There were obviously 
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from the obtained data that, the protein, N, TSS, dry matter and vitamin C content recorded no significant 
response in both experiments. Generally, in spite of the no significant response, but the best chemical nutritional 
values of hot pepper fruits were detected with high level of yeast extract (4g/L) which received mixture of Fe, 
Mn and Zn as foliar spray.                      
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