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Abstract 

         This experiment was carried out under plastic house conditions during winter seasons of 2016 – 2017 and 

2017 – 2018 in a clay loam at Agricultural Experiment Station, Faculty of Agriculture, Cairo University and 

Laboratory of Handling of Vegetable Crops Department, Horticulture Research Institute, Giza, to study the 

effect of some bio-stimulant, viz., seaweed extract (SWE) at 0.2%, humic acid (HA) at 0.2% and biofertile (BF) 

at 2% as foliar spray as compared with untreated  plants as control on vegetative growth, yield and its 

components, fruit quality and storability of sweet pepper fruits Monist F1 hybrid. Results indicated that plant 

treated with biofertile produced the highest value of all growth parameters (plant height, number of leaves/ plant 

and chlorophyll reading (SPAD) in leaves), yield and its component (fruit weight, number of fruits/ plant and 

total yield/ plot) and fruit quality (physical properties, viz., fruit length, flesh thickness and firmness and 

chemical properties viz., total soluble solids and ascorbic acid contents) followed by humic acid. Also, sweet 

pepper fruits obtained from plants treated with biofertile was the most effective treatment for improving 

storability and maintaining fruit quality attributes, which gave the lowest values of weight loss% and maintained 

fruit color, firmness, total soluble solids and ascorbic acid content and gave good appearance of fruits after 28 

days of storage at 10° C and 95% relative humidity. 

 

Key words: sweet pepper, bio-stimulants, seaweed extract, humic acid, biofertile, vegetative growth, yield, 

quality, storability. 

 

Introduction 

 

         Sweet pepper plant (Capsicum annuum L.) is 

the third most important crop of Solanaceae family 

after tomatoes and potatoes. Pepper is one of the 

richest vegetable in vitamin C. It also contains a 

good amount of vitamin A, B1 and other vitamins 

which are essential for growth (McCollum, 1980). To 

improve the sweet pepper fruits quality and quantity 

in the field, maintain their quality after harvest and 

increase their shelf life, several investigations have 

been conducted on pre-harvest treatments through 

using some bio-stimulants, i.e., seaweed extract, 

humic acid and biofertile which should improve 

physical, chemical and biological properties and 

increase soil organic matter, carbon exchange 

capacity, available mineral nutrients ( Marhoon and 

Abbas, 2015 for seaweed extract; Fathima and 

Denesh, 2013 for humic acid and Nuruzzaman et al., 

2003 for biofertilizer) and this in turn, stimulates 

quantitative as well as qualitative characteristics and 

improves storability of sweet pepper.  

         Seaweed extracts have been marketed for 

several years as fertilizer additives and beneficial 

results from their use have been reported (Booth, 

1965). Booth (1969) observed that the value of 

seaweeds as fertilizers was not only due to nitrogen, 

phosphorus and potash content, but also because of 

the presence of trace elements and metabolites. 

These extracts enhance seed germination, growth, 

yield and uptake of nutrients by the plants. The 

extract also contends hormones (IAA and IBA), 

cytokinins, trace elements (Fe, Cu, Zn, Co, Mo, Mn, 

Ni), vitamins and amino acids (Challen and 

Hemingway, 1965). Thus, these extracts stimulate 

growth of the plants (Blunden et al., 1996). In studies 

conducted by Demir et al. (2006) and Mohammed 

(2013) on pepper plants using of seaweed extract as a 

foliar spray on shoot, they found significant increase 

in plant height and percentage of total chlorophyll.  

         Humic acid has ability to promote hormonal 

activity in plants and promote plant health, plant 

growth, nutrient uptake and also improves stress 

tolerance (Atiyeh et al., 2002). The significance of 

humic acids is not limited to their function as a 

reservoir of mineral plant nutrients and regulator of 

their liberation. Recent literature has shown that 

humic acid could be used as a growth regulator to 

regulate hormone levels, improve plant growth and 

enhance stress tolerance (Serenella et al., 2002). 

Humic substances are generated through organic 

matter decomposition and employed as soil fertilizers 

in order to improve soil structure and soil 

microorganisms (Karakurt et al., 2009 and Halime et 

al., 2011). Abd El-Basir (2013) showed that spraying 

sweet pepper plants with humic acid led to positive 

significant differences in fruits number, early and 

total yield as well as fruit weight, fruit length, yield 

per plant, fruit dry weight, fruit chlorophyll content 

and TSS percentage as compared to untreated plants.  

         Bio fertilizers have been considered as a cheap, 

eco-friendly way of improving soil fertility status. N-
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fixing bacteria possess unique potential of fixing 

atmospheric nitrogen either by living symbiotically 

or non-symbiotically or to transform native soil 

nutrients, from non-usable to usable form through 

biological process (Marwaha, 1995). Azotobacter and 

Azospirillum are the two most important non-

symbiotic N2-fixing bacteria and considered to be 

very important for fixation of nitrogen in non-

leguminous crops. Besides N2 fixation, Azotobacter 

synthesizes and secretes considerable amounts of 

biologically active substances like B vitamins, 

nicotinic acid, pantothenic acid, biotin, heteroxins, 

gibberellins etc. which enhance root growth of plants 

(Mishutin, 1970 and Rao et al., 1986). Another 

important characteristic of Azotobacter association 

with crop improvement is excretion of ammonia in 

the rhizosphere in the presence of root exudates, 

which helps in modification of nutrient uptake by the 

plants (Narula and Gupta, 1986). The ability of 

Azospirillum to produce plant growth regulatory 

substances along with N2-fixation stimulate growth 

and thereby productivity. The changes occur in the 

plant roots help in transport of minerals and water 

(Sarig et al., 1988). All these factors combined 

together produce positive effects on crop yield 

especially for cereals and vegetables. Furthermore, 

Azotobacter and Azospirillum have also been found 

to promote synthesis of growth promoting substances 

like auxins, gibberellins, cytokinins and antibiotic 

metabolites which, in turn, improved resistance 

against biotic and abiotic stress (Awasthi et al., 

1998). 

         The objective of this work were to study the 

effect of seaweed extract, humic acid and biofertile 

as foliar spray on vegetative growth, yield and its 

components, fruit quality and storability of sweet 

pepper fruits. 

 

Material and Methods 

 

This experiment was carried out under plastic 

house conditions during winter seasons of 2016-2017 

and 2017-2018 at Agricultural Experiment Station, 

Faculty of Agriculture, Cairo University to study the 

effect of some bio-stimulants, viz., seaweed extract 

(SWE) at 0.2%, humic acid (HA) at 0.2% and 

biofertile (BF) at 2% as foliar spray as compared 

with untreated  plants (spray with water only) as 

control on vegetative growth parameters, yield and 

its components, fruit quality and storability of sweet 

pepper fruits Monist F1 hybrid.. The physical and 

chemical properties of the clay loam soil under study 

(Table 1) were determined at the Soil and Water 

Research Institute, Agricultural Research Center. 

Seeds of sweet pepper (Capsicum annuum L.) 

Monist F1 hybrid were sown at the nursery on 7th and 

14th of September in 2016 and 2017 seasons, 

respectively, and seedlings were transplanted on 16th 

and 21st of October in the first and second season, 

respectively. 

The plastic house was 40 m long and 8 m wide 

(320 m2) and divided into five beds, each 1m wide 

and 40 m long. The experiment occupied three beds. 

Seedling were planted on the two sides of each bed 

and 50cm apart. 

 

Table 1. Physical and chemical characteristics of experimental soil as average of both seasons 2016 and 2017. 

Physical properties 

Sand %              Silt %                  Clay %           Organic matter %     Texture 

18.4                    23.7                     55.3                         2.6                Clay loam 

Chemical properties 

EC                                                  Cations (Meq. /L-1)                               Anions (Meq. /L-1)         

m.mhos /cm        p H                  Ca++      Mg++      K+      Na+                Cl-      HCO3
-    SO4

-  

0.90                     7.7                  4.2         5.0         0.8     1.2                1.3      5.5         4.5  

 

Seaweed extract (Oligo- X as commercial 

name) was obtained from Union for Agriculture 

Development (UAD) Company, Cairo, Egypt; it 

contains organic matter (6% total amino acid, 35% 

carbohydrate, 10% alginic acid, 4% mannitol, 0.04% 

betaines); growth regulators (0.03% IAA, 0.02% 

cytokinins (adenine)) and some macro and 

microelements (3.12% N, 2.61% P2O5,  4.71% k2O,  

0.25% Ca, 3.56% S and 0.58% Mg). Humic acid 

(HA) [Hammar, Arabian Group of Agricultural 

Service (AGAS), Egypt; it contains potassium 

humate 86% and potassium oxide 6%]. Biofertile 

preparation, developed at the Environmental Studies 

and Research Unit (ESRU), Faculty of Agriculture, 

Cairo University, are composites of rhizobacterial 

strains supporting plant nutrition (Table 2) is a 

mixture of rhizobacterial isolates of diazotrophic 

nature, i.e. efficient in biological nitrogen fixation 

and production of auxins, mainly gibrillic acid 

(Othman et al. 2003, 2004).These strains with their 

host plants are presented in Table (2). 

 

The experiment included four treatments as follow  

1- Seaweed extract (SEW) at 0.2%. 

2- Humic acid (HA) at 0.2%. 

3- Biofertile at 2%. 

4- Untreated plants (control). 

          These treatments were applied (as foliar spray) 

four times during the growing period of sweet pepper 

plants at 30, 40, 50 and 60 days after transplanting. 

         The previous treatments were arranged in a 

complete randomized block design with three 
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replicates. The area of each experimental unit is 10 

m2 with 40 plants. The recommended agricultural 

practices for commercial sweet pepper production, 

i.e., drip irrigation; fertilization and weed control 

were followed according to Ministry of Agriculture 

recommendations. 

 

Table 2. Rhizobacterial isolates in biofertile and their host plants. 

Bacterial isolates  (diazotrophs) Host plants and reference 

Azospirillum brasilense Ricinus communis L. (Hamza et al.,1994 

Azotobacter chroocooccum Hordeum vulgare (Ali et al. 2005) 

Bacillus polymyxa Hamada elegans (Hegazi and Fayez, 2003) 

Enterobacter agglomerans Malva parviflora (Hegazi and Fayez, 2003) 

Pesudomonas  putida Sorghum biocolor  (Hamza et al.,1994) 

 

Data were recorded as follow: 

A-Vegetative growth: 
          A representative sample of 5 plants was chosen 

at random, 65 days after transplanting, from each 

experimental plot for measuring plant growth 

parameters, viz., plant height and number of leaves 

per plant. Chlorophyll reading  of the sixth mature 

leaf was measured in SPAD unit, where SPAD =10 

mg chlorophyll /g fresh weight using digital 

chlorophyll meter (Model Minolta chlorophyll meter 

SPAD-502) which is presented by SPAD value. 

Average of 3 measurements from different spots of a 

single leave was considered. 

B-Yield and its components: 

At harvesting time (70 days from 

transplanting), sweet pepper fruits were picked 

weekly through the harvesting  period till the last 

week of May  for estimation of yield parameters, 

viz., total number of  fruits/ plant, fruit weight/ plant 

and total yield  Kg/ plot (determined for all pickings 

and calculated as total fresh weight of fruits). 

 

C- Fruit quality: 

 A random sample of 10 fruits from each 

replicate was taken at harvest and the following 

characters were measured: fruit length, fruit 

diameter, fruit firmness, flesh thickness, color change 

(L and b value), total soluble solids % and vitamin C 

content. 

  

Storage experiment: 

 Fruits of sweet pepper for each treatment were 

harvested at  3/4 yellow color stage on 2nd and 4th of 

February in 2017 and 2018 seasons, respectively, and 

then transferred to laboratory of Handling of 

Vegetable Crops Department, Horticultural Research 

Institute at Giza. Samples were selected for their 

uniformity of size (about 280 ± 10gm each fruit) and 

free of visual damage defects. All samples for pre-

harvest treatments of sweet pepper fruits were placed 

in polypropylene bags (25 x 35 cm) and 40µ 

thickness. Each bag contains 3 fruits represented as 

one replicate. Twenty four replicates were prepared 

from each treatment and stored at 10° C and 95% 

relative humidity (RH). Samples were taken 

randomly in three replicates from each treatment and 

were arranged in complete randomized design. 

Measurements were done immediately after harvest 

and at 7 days intervals (0, 7, 14, 21 and 28 days) of 

storage at 10° C for the following properties: 

 Weight loss percentage was estimated 

according to the following equation: 

Weight loss % = 
Initial weight of fruits - weight at sampling date 

× 100 Initial weight of fruits 

 

 General appearance was measured on score 

rating from 9 to 1, where 9 = excellent, 7 = 

good, 5 = fair, 3= poor and 1 = unsalable. 

 Surface color was measured on two sides of 

each fruit by using Tistimulus Hunter 

Colorimeter Minolta, Ramsey, N.J. (Model 

Dp 9000 which measured L* value and b 

value) (McGuire, 1992). 

 Fruit firmness was measured by a hand 

pressure tester (Italian model) expressed in 

kg/cm2. 

 Total soluble solids percentage (TSS) was 

determined by using refractometer 

according to AOAC (2000). 

 Ascorbic acid content (mg /100 g fruit fresh 

weight) was determined by titration method 

using 2, 6 dichloro-phenole-endo-phenole 

(AOAC, 2000). 

 

Statistical analysis: 
Data were statistically analyzed using the analysis 

of variance described by Snedecor and Cochran 

(1980). The method of Duncan multiple range tests 

were applied for than comparison between means 

according to Waller and Duncan (1969). 

 

Result and Discussion 

 

Vegetative growth 

Data in Table (3) showed that sweet pepper plants 

treated with all pre-harvest treatments had a 

significantly increased on all studied vegetative 

growth parameters compared to untreated plants 

(control) treatments. In this respect; plants treated 

with biofertile produced the highest value of all 

growth parameters  (plant height, number of leaves/ 

plant and chlorophyll reading (SPAD) in leaves) 

followed by plant treated with humic acid (HA) with 

significant difference between them, plant treated 

with seaweed extract (SEW) was less effective in this 

concern. On the other hand, the lowest values in this 

respect were recorded in untreated plants (control) 
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treatment. These results were true in the two seasons 

and in agreement with Abd EL-Basir (2013) for 

seaweed extract or humic acid on sweet pepper and 

Singh and Singh (2009) for biofertile on strawberry. 

The enhance effect of biofirtizer on crop growth and 

yield may be due to the activity of photosynthetic 

bacteria such as Azospirillum, Azotobacter and 

Pseudomonas present in biofirtizer solution. These 

bacteria are a group of independent, self-supporting 

microbes. They synthesize useful substances from 

secretions of plant roots, organic matter and harmful 

gases such as hydrogen sulfide, by using sunlight and 

the heat of soil as sources of energy (Kim et al., 

2004). The useful substances produced by these 

bacteria include protein, fat, amino acids, 

polysaccharides, bioactive substances and sugars, all 

of which promote plant growth and development. 

The increment in vegetative growth of sweet pepper 

plants by adding HA to the plant may be due to that 

HA containing the most of the known trace minerals 

necessary to the development of plant life (Senn, 

1991). It enhances soil fertility and improves 

physical, chemical and biological properties of soil 

(Mikkelsen, 2005), like permeability, aeration, 

aggregation, water capacity, ion transport and 

availability through pH buffering (Selim et al., 

2010). There effects may result in greater plant 

growth with HA application (Gad EL-Hak et al., 

2012). The beneficial effect of seaweed extract on 

plant growth may be due to the composition of the 

seaweed extract such as natural growth hormones 

(auxins and cytokinins) that promote plant growth 

via increasing a number of metabolic events which in 

turn leading to increase plant growth (Demir et al., 

2006; Gallon and Wright, 2006 and Prasad et al., 

2010). In addition, the extract contains a considerable 

amount of macro and micro elements which play an 

important role in the activation of many enzymes and 

coenzymes which are involved in several biological 

processes leading to cell division and enlargement 

(Murugalakshmikumari et al., 2002 and Anantharaj 

and Venkatesalu, 2002) improved total chlorophyll in 

leaves (Al-Sahaff, 1989) .  

 

Table 3: Effect of some bio-stimulants on vegetative growth of sweet pepper during 2016 - 2017 and 2017 - 

2018 seasons. 

Treatments 
plant height (cm) No. of leaves / plant chlorophyll (SPAD) 

2016  2017  2016  2017  2016  2017  

Seaweed extracts (0.2 %) 67.24 C 69.34 C 158.20 C 161.30 C 36.23 C 37.35 C 

Humic acid (0.2%) 72.82 B 75.32 B 164.30 B 167.80 B 38.79 B 39.94 B 

Biofertile (2%) 80.11 A 83.21 A 172.10 A 176.10 A 41.13 A 42.33 A 

Control 61.23 D 62.93 D 150.10 D 152.40 D 32.36 D 33.57 D 
Means in the same column having the same letter are not significantly different at 0.05 levels by Duncan’s multiple rang test.   

 

 

Yield and its component 

Data in Table (4) showed that sweet pepper 

plants treated with seaweed extract (SEW), humic 

acid (HA) and biofertile had significantly increased 

fruit weight, number of fruits/ plant and total yield/ 

plot compared to control plants. However, plants 

treated with biofertile was the most effective 

treatment for enhancing fruit weight (270.11 and 

274.31 gm) number of fruits per plant (17.40 and 

18.57) and total yield per plot (187.90 and 202.31 

kg) in the first and second seasons respectively, 

followed by plants treated with humic acid (HA) 

with significant differences between them in the two 

seasons. The increase in yield was due to increases in 

number of fruits as well as fruit weight, while the 

lowest value in this respect were recorded in the 

untreated plants ( control). The results were true in 

the two seasons and in agreement with Abd EL-Basir 

(2013) for seaweed extract or humic acid on sweet 

pepper and Singh and Singh (2009) for biofertile for 

strawberry. The beneficial effect of biofertilizer 

application on yield may be due to Azotobacter and 

Azospirillum treatments have positive effect on 

flower formation; fruit set and thus increase the total 

yield. This increased fruit set and yield may be due to 

the fact that nitrogen fixer not only increased the 

availability of nitrogen to the plant roots but also 

increased their translocation from root to flower 

through plants foliage. The enhancing effect of 

humic acid on yield and its components could be 

explained as humic acid is rich in both organic and 

mineral substances which are essential to plant 

growth and consequently increase yield quality and 

quantity (GadEl-Hak et al., 2012). Also, humic acid 

enhancing effect on increase soil moisture holding 

capacity, improve soil texture as well as promote the 

uptake of nutrients leading to stimulation of plant 

growth and consequently on total pods yield and its 

components (Zhang et al., 2003). The beneficial 

effect of seaweed extract application on yield and its 

components of sweet pepper may be due to the 

increasing in vegetative growth parameters, also 

increase in number of pods as well as weight of pods 

per plant (Abou El-Yazied et al., 2012 and Khan et 

al., 2009)  found that treatment with seaweed 
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extracts on yield has enhancement effects due to 

improved chlorophyll content in leaves of various 

crop plants have been attributed to the betaines 

present in seaweed, yield increases in seaweed-

treated plants are thought to be associated with the 

hormonal substances present in the extracts, 

especially cytokinins; cytokinins in vegetative plant 

organs are associated with nutrient partitioning, 

whereas in reproductive organs, high levels of 

cytokinins may be linked with nutrient.  

 

Table 4. Effect of some bio-stimulants on total yield and its components of sweet pepper plants during 2016-

2017 and 2017-2018 seasons.    

Treatments 
        Fruit weight (gm)                      No. of fruit / plant                      Total yield / plot (kg) 

2016 -2017 2017-2018  2016 -2017 2017-2018  2016 -2017 2017-2018  

Seaweed extracts (0.2 %) 244.80 C 246.71 C 15.64 C 16.74 C 153.40 C 165.41 C 

Humic acid (0.2%) 255.30 B 251.32 B 16.49 B 17.79 B 168.20 B 179.40 B 

Biofertile (2%) 270.11 A 274.31 A 17.40 A 18.57 A 187.90 A 202.31 A 

Control 236.12 D 238.66 D 14.23 D 15.00 D 134.40 D 140.40 D 

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test.   

 

Fruit quality 

 Data in Table (5) showed that all pre-

harvest applications significantly increased fruit 

physical properties (fruit length, flesh thickness and 

firmness) and chemical properties (total soluble 

solids and ascorbic acid contents) compared with 

fruits obtained from untreated plants. In this respect, 

sweet pepper fruits obtained from plants treated with 

biofertile had the best fruit quality, followed by 

humic acid (HA) with no significant differences 

between them in these characters except flesh 

thickness and fruit firmness. The least value of these 

characters was in the untreated plants. However, 

concerning fruit diameter, there was no significant 

differences between all pre-harvest treatments and 

control. These results were achieved in the two 

seasons and were in agreement with those obtained 

by Abd EL-Basir (2013) for seaweed extract or 

humic acid on sweet pepper and Singh and Singh 

(2009) for biofertile for strawberry. The application 

of nitrogen fixing bacteria with lower dose of 

nitrogen application might have exhibited regulatory 

role on the absorption and translocation of various 

metabolites, in which carbohydrates are most 

important which affects the quality of fruits. During 

ripening of fruits the carbohydrates reserves of the 

root and stem are drawn upon heavily and 

hydrolysed into sugars. Terry et al. (2000) who 

reported the increased translocation of assimilates 

from leaves to the developing fruit. 

 

 

 

Table 5. Effect of some bio-stimulates on physical and chemical properties of sweet pepper fruits during 2016-

2017 and 2017-2018 seasons. 
Ascorbic acid 

(mg/100g FW) 
TSS (%) 

Firmness 
(kg/cm2) 

Flesh thickness 
fruits (mm) 

Fruit diameter 
(cm) 

Fruit length 
(cm) 

Treatments 

Season 2016/ 2017 

288.20 BC 7.60 B 1.75 C 7.08 C 7.10 A 7.36 BC 
Seaweed extracts 
(0.2%) 

294.80 AB 8.40 A 1.95 B 7.20 B 7.17 A 7.74 AB Humic acid (0.2%) 

299.20 A 8.50 A 2.08 A 7.32 A 7.21 A 8.04 A Biofertile (2%) 

279.50 C 6.80 C 1.50 D 6.86 D 7.00 A 7.00 C Control 

Season 2017/ 2018 

291.30 B 7.10 CF 2.11 C 7.22 C 7.22 A 7.50 B 
Seaweed extracts 
(0.2%) 

298.80 AB 8.10 AB 2.27 B 7.37 B 7.31 A 7.93 A Humic acid (0.2%) 

303.70 A 8.53 A 2.40 A 7.51 A 7.38 A 8.27 A Biofertile (2%) 

281.80 C 6.10 GJ 1.89 D 6.95 D 7.08 A 7.10 B Control 

Means is the same column having the same letter are not significant different at 0.05 level by Duncan’s multiple rang test. 

 

Weight loss percentage  
 Data in Table (6) show that weight loss 

percentage of sweet pepper fruits increased 

considerably and consistently with the prolongation 

of storage period. These results are in agreement with 

those obtained by Gad EL-Rab (2013) on pepper and 

may be due to its respiratory processes, and other 

senescence related metabolic processes during 

storage (Neill et al., 2002). All pre-harvest 

treatments gave significant lower weight loss 
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percentage of fruits compared to untreated (control); 

however, sweet pepper fruits obtained from plants 

treated with biofertile surpassed those fruits obtained 

from the other treatments or untreated (control) in 

minimizing fruit weight loss percentage during 

storage followed by humic acid (HA) with significant 

difference between them in the two seasons. Fruits 

obtained from seaweed extract (SEW) were less 

effective in reducing the loss of weight percentage. 

On the contrary, fruits obtained from untreated plants 

gave the highest values of weight loss percentage. 

These results were achieved in the two seasons and 

were in agreement with those obtained by Gad EL-

Rab (2018) for humic acid and seaweed extract on 

snap bean and Hassan and Emam (2015) for 

biofertile on strawberry. The beneficial effect of HA 

or biofertile on reducing weight loss % in fruits 

during storage may be attributed to the role of such 

natural anti disease substances in decreasing the 

susceptibility for diseases infection, decreasing the 

respiration rate and production of ethylene which 

affects greatly fruit storage ability (Gad EL-Rab, 

2018 for HA and seaweed extract and Hassan and 

Emam, 2015 for biofertile).  Such results may be due 

to the beneficial effect of seaweed extract or humic 

acid (Abd El-Basir, 2013) and biofertile (Hassan and 

Emam, 2015) on vegetative growth and chemical 

composition of sweet pepper fruits which in turn 

maintained the metabolic homeostasis after harvest 

and reduce dehydration of fruits. In general, the 

interaction between pre-harvest treatments and 

storage period was significant effect on the both 

seasons. After 28 days of storage, sweet pepper fruits 

obtained from plants treated with biofertile showed 

the least weight loss percentage, while untreated 

content gave the lowest value. These results were 

true in the two seasons. 

 

Table 6. Effect of some bio-stimulants on weight loss % of sweet pepper fruits during storage in 2016-2017 

and 2017-2018 seasons.   

Treatments 
Storage period in days 

means 
Start 7 14 21 28 

 
season  2016/2017    

Seaweed extracts (0.2 %) 0.00 M 0.76 JK 1.57 FG 1.93 CD 2.17 B  1.29 B 

Humic acid (0.2%) 0.00 M 0.66 KL 1.40 HI 1.72 EF 1.98 C  1.15 C 

Biofertile (2%) 0.00 M 0.57 L  1.23 I  1.51 GH 1.76 DE 1.01 D 

Control 0.00 M 0.90 J  1.68 EF 2.21 B  2.50 A  1.46 A 

means 0.00 E 0.73 D 1.47 C 1.84 B 2.10 A   

 
 season  2017/2018    

Seaweed extracts (0.2 %) 0.00 K 0.73 IJ 1.54 FG  1.90 CD 2.14 B  1.26 B 

Humic acid (0.2%) 0.00 K 0.63 J  1.39 G   1.69 EF 1.94 C  1.13 C 

Biofertile (2%) 0.00 K 0.55 J  1.21 H   1.52 FG 1.74 DE 1.00 D 

Control 0.00 K 0.89 I  1.67 EF  2.20 B  2.49 A  1.45 A 

means 0.00 E 0.70 D 1.45 C 1.83 B 2.08 A 
 

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 

 

General appearance 

          Data in Table (7) show that general appearance 

of sweet pepper fruits decreased with the 

prolongation of storage period at 10oC. Similar 

results were reported by Gad EL-Rab (2013) on 

pepper. The decreases in GA during storage period 

might be due to shriveling, wilting, color change and 

decay (Banaras et al., 2005). All pre-harvest 

treatments had the higher score of GA when 

compared with the untreated plants (control) during 

storage, however, sweet pepper fruits obtained from 

plants treated with biofertile gave the highest score 

of GA of fruits, followed by humic acid (HA) 

treatments with significant difference between them 

in the two seasons. The worst GA was recorded for 

the untreated control. These results were achieved in 

the two seasons and were in agreement with those 

obtained by Gad EL-Rab (2018) for seaweed extract 

and HA on snap bean, Hassan and Emam (2015) for 

biofertile on strawberry. The enhancement effect in 

both seasons might be attributed to that SWE, HA 

and biofertile materials contains nutrient elements 

and organic compounds (Nagodawithana, 1991), 

macro and micro elements (Khan et al., 2009) and 

rich in both organic and mineral substances (Gad EL-

Hak et al., 2012), these minerals (potassium, 

calcium, iron, manganese and magnesium) reducing 

weight loss percentage and maintaining green color 

during storage (Shehata et al., 2015).The interaction 

between pre-harvest treatments and storage period 

was significant in the two seasons; however, sweet 

pepper fruits obtained from plants treated with 

biofertile did not exhibit any changes in their 

appearance till 21 days at 10oC and gave good 

appearance after 28 days of storage, while, fruits 

obtained from plants treated with humic acid (HA) or 

seaweed extract rated good appearance after 21 days 

of storage, while fruits which obtained from 

untreated control rated the unsalable appearance at 

the end of storage (28 days) in the two seasons. 
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Table 7. Effect of some bio-stimulants on general appearance (score) of sweet pepper fruits during storage in 

2016-2017 and 2017-2018 seasons.        

Treatments 
Storage period in days  

means 
Start 7 14 21 28 

 
season  2016/2017   

Seaweed extracts (0.2 %) 9.00 A 9.00 A  7.67 BC 7.00 CD  5.67 EF 7.53 C 

Humic acid (0.2%) 9.00 A 9.00 A  9.00 A  7.67 BC 6.33 DE 8.07 B 

Biofertile (2%) 9.00 A 9.00 A  9.00 A  8.33 AB  7.67 BC 8.60 A 

Control 9.00 A 8.33 AB 7.00 CD 5.00 F   3.00 G  6.47 D 

Means 9.00 A  8.83 A 8.17 B  7.00 C  5.67 D    

 
 season 2017/2018   

Seaweed extracts (0.2 %) 9.00 A 9.00 A 8.33 AB 7.00 CD  5.67 C  7.67 B 

Humic acid (0.2%) 9.00 A 9.00 A 9.00 A  7.67 BC 6.33 C  8.07 B 

Biofertile (2%) 9.00 A 9.00 A 9.00 A  9.00 A  8.33 AB 8.87 A 

Control 9.00 A 9.00 A 7.00 BC 5.67 C  3.67 D  6.87 C 

Means 9.00 A 9.00 A 8.33 A 7.34 B 6.00 C   
Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 

 

Color (L value) 

         Data in Table (8) showed that L value of fruits 

was significantly decreased with the progress of 

storage period in the two seasons indicating that 

darker color. These results were true in the two 

seasons and were in agreement with Gad EL-Rab 

(2013). Concerning the effect of pre-harvest 

treatments, results indicating that all pre-harvest 

treatments had the highest L value when compared 

with the fruits obtained from untreated plants 

(control) during storage. However, the highest L 

value was detected in sweet pepper fruits obtained 

from biofertile or humic acid (HA) indicating that, 

lighter color with no significant difference between 

them in the first season, while the lowest L value was 

recorded in fruits obtained from untreated plants 

(control), indicated that darker color. These results 

were in agreement with Gad EL-Rab (2018) for SWE 

or humic acid.  

 

Table 8. Effect of some   bio-stimulants on color (L. value) of sweet pepper fruits  during storage in 2016-2017 

and 2017-2018 seasons. 

Treatments 
Storage period in days  

Means 
Start 7 14 21 28 

 
season  2016/2017 

 
Seaweed extracts (0.2 

%) 
57.16 AC 56.77 ACD 55.40 ACD 54.00 BE 53.72 CE 55.41 B  

Humic acid (0.2%) 59.38 AB  57.91 AC  57.70 AC  55.68 AD 54.73 BE 57.08 A 

Biofertile (2%) 60.31 A   59.49 AB   58.88 AB   56.90 AD 56.49 AD 58.41 A  

Control 56.21 AD 54.62 BD  52.30 CE  51.00 DE  48.22 E   52.47 C  

Means 58.26 A  57.20 AB 56.07 AB 54.40 BC 53.29 C  
 

 
season 2017/2018   

Seaweed extracts (0.2 

%) 
58.26 BF 57.88 CF 57.02 DG 56.22 FH 54.82 FH 56.84 C 

Humic acid (0.2%) 61.00 AC 59.81 AD 59.30 AE 57.31 DG 56.33 DG 58.75 B 

Biofertile (2%) 62.51 A   61.71 AB  61.08 AC 59.13 AE 58.69 BE 60.62 A 

Control 57.04 DG 55.97 EH 54.12 GI 52.68 HI  50.75 I   54.11 D 

Means 59.70 A  58.84 AB 57.88 BC 56.33 CD 55.15 D    

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 

 

Color (b value) 

         Data in Table (9) showed that the b value of 

fruits was significantly decreased with the progress 

of storage period in the two seasons. These results 

were in agreement with Gad EL-Rab (2013). 

Concerning the effect of pre-harvest treatments, 

results indicated that b value of fruits was 

significantly affected by pre-harvest treatments, the 

highest b value were detected in sweet pepper fruit 

obtained from biofertile or humic acid (HA) 

indicating light yellowing color with no significant 

difference between them in the first season, while the 

lowest ones were obtained from fruits obtained from 

untreated plants (control), indicated yellow color. 

These results were true in the two seasons and in 

agreement with Gad EL-Rab (2013).Concerning the 

interaction between pre-harvest treatments and 

storage period. After 28 days of storage fruits 

obtained from plants treated with biofertile or humic 

acid had the highest b value indicating that light 

yellowing of fruits during storage, fended, the color 

of sweet pepper fruits was maintained, however, 
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fruits obtained from untreated control had the lowest 

b value indicating yellow color of fruits. These 

results were true in the two seasons and in 

agreements with Gad EL-Rab (2013). 

 

Table 9. Effect of some bio-stimulants on color (b. value) of sweet pepper fruits during storage in 2016-2017 

and 2017-2018 seasons.   

Storage period in days 

Treatments Start 7 14 21 28 means 

 
season  2016/2017 

 
Seaweed extracts (0.2 %) 36.32 AD 35.00 BF 34.25 DG 33.50 EH 32.10 GI 34.23 B 

Humic acid (0.2%) 37.11 AC 36.50 AD 35.95 AE 35.40 AF 34.53 CG 35.90 A 

Biofertile (2%) 38.04 A   37.54 AB  37.01 AC 36.48 AD 35.10 BF 36.83 A 

Control 33.24 FH 31.43 HI  30.50 I   29.57 IJ  27.68 J   30.48 C 

Means 36.18 A  35.12 AB 34.43 BC 33.74 C  32.35 D    

 
season 2017/2018   

Seaweed extracts (0.2 %) 33.10 DF 32.44 EG 31.78 FH 30.20 HI 28.70 IJ 31.24 C 

Humic acid (0.2%) 35.20 AC 34.32 BD 33.43 CF 33.00 DF 32.10 FG 33.61 B 

Biofertile (2%) 36.40 A 35.83 AB 35.26 AC 34.00 BE 33.20 DF 34.94 A 

Control 31.00 GH 30.05 HI 29.10 I 27.08 J 25.10 K 28.47 D 

Means 33.92 A 33.16 AB 32.39 B 31.07 C 29.77 D  
Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 

 

Fruit firmness 

         Data in Table (10) show that there was a 

significant reduction in fruit firmness by the 

prolongation of storage period in both seasons. 

Similar results were reported by Gad EL-Rab (2013) 

on pepper fruits. The decline in fruit firmness may be 

due to the gradually breakdown of proto-pectin to 

lower molecular fractions which are more soluble in 

water and this directly correlated with the rate of 

softening of the fruits (Wills et al., 1998). All pre-

harvest treatments had significantly greater fruit 

firmness as compared with fruit obtained from 

untreated plants during storage. However, fruits 

obtained from biofertile and humic acid were the 

most effective treatments in reducing the loss of fruit 

firmness with no significant differences between 

them in the two seasons, whereas, the highest losses 

of fruit firmness were found in untreated plants 

(control). These results may be due to seaweed 

extracts, humic acid or biofertile increased available 

of potassium and calcium in the soil (Hanafy et al., 

2010) for humic acid, Abou El-Yazied et al., 2012) 

for seaweed extracts and Singh and Singh (2009) on 

biofertile and in turn increased these elements in the 

fruits which increased the osmotic potential and 

water uptake and allowed less water loss which has 

impact on fruit firmness (Epstein, 1972). In general, 

the interaction between pre-harvest treatments and 

storage period was significant in both seasons. Sweet 

pepper fruits obtained from plants treated with 

biofertile or humic acid had the highest values of 

fruit firmness with no significant differences between 

them during all storage period, while the lowest ones 

were recorded in fruits obtained from untreated 

plants. 

 

Table 10. Effect of some bio-stimulants on firmness (Kg/cm2) of sweet pepper fruits during storage in 2016-

2017 and 2017-2018 seasons. 

Treatments 
Storage period in days 

means 
Start 7 14 21 28 

 
season  2016/2017 

 
Seaweed extracts (0.2) 

% 
1.75 AC 1.71 AE 1.45 CH 1.23 FI 1.12 GI 1.45 B 

Humic acid (0.2%) 1.95 AB  1.83 AC 1.62 BF 1.42 CH 1.26 EI 1.62 AB 

Biofertile (2%) 2.08 A   1.95 AB  1.75 AD 1.62 BF 1.48 CG 1.78 A  

Control 1.50 BG 1.40 CH 1.32 DH 1.00 HI  0.83 I  1.21 C  

Means 1.82 A  1.72 AB 1.53 BC 1.32 CD 1.17 D  
 

 
season 2017/2018   

Seaweed extracts (0.2 

%) 
2.11 AD 1.96 BD 1.70 DF 1.62 DG 1.45 EH 1.77 B 

Humic acid (0.2%) 2.27 AB  2.15 ABC 2.00 AD 1.90 BD 1.61 DG 1.99 A 

Biofertile (2%) 2.40 A   2.28 AB  2.15 AC 2.00 AD 1.70 CF 2.11 A 

Control 1.89 BE 1.62 DG 1.42 FH 1.18 GH  1.05 H   1.43 C 

Means 2.17 A  2.00 AB 1.82 BC 1.68 CD 1.45 D    

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 
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Total soluble solids percentage 

         Data in Table (11) demonstrate that total 

soluble solids % of sweet pepper fruits were 

significant decreased with the prolongation of the 

storage period in the two seasons. Similar results 

were obtained by El-Sheikh et al. (1997), on sweet 

pepper. The reduction in TSS during the storage 

might owe much to the higher rate of sugar loss 

through respiration than water loss through 

transpiration (Wills et al., 1998). There were 

significant differences between all pre-harvest 

treatments and untreated control on TSS% of fruits 

during storage. Sweet pepper fruits obtained from 

plants treated with biofertile or humic acid were the 

most effective treatments in maintaining TSS% with 

no significant differences between them in the first 

season. While the lowest ones in this concern were 

recorded for fruits obtained from untreated control. 

Fruits obtained from seaweed extract were less 

effective in this concern. These results were true in 

the two seasons and were in agreement with those 

obtained by Khreba et al. (2014) for HA and Hassan 

and Emam (2015) for biofertile. In general, the 

interaction between pre-harvest treatments and 

storage period was significant in the two seasons. 

After 28 days of storage, data revealed that sweet 

pepper fruits obtained from plants treated with 

biofertile or humic acid gave the highest value of 

TSS% with no significant differences in the two 

seasons, while the lowest ones were found in those 

obtained from untreated control at the same period of 

storage 

 

Table 11. Effect of some bio-stimulants on TSS percentage of sweet pepper fruits during storage 

                 in 2016-2017 and 2017-2018 seasons. 

Treatments 
Storage period in days  

means 
Start 7 14 21 28 

 
season  2016/2017 

 
Seaweed extracts (0.2%) 7.60 BF 7.47 CF 6.97 FH 6.20 HJ 5.50 JK  6.75 B 

Humic acid (0.2%) 8.40 AB  8.20 AC 7.80 AE 7.30 DG 6.60 GI 7.66 A 

Biofertile (2%) 8.50 A   8.43 A   8.00 AD 7.47 CF 7.00 EH 7.88 A 

Control 6.80 FH 6.80 FH 6.30 HJ 5.83 IJK 5.10 K   6.17 C 

means 7.83 A 7.73 A 7.27 B 6.70 C 6.05 D   

 
season 2017/2018   

Seaweed extracts (0.2 %) 7.10 CF 6.97 DG 6.60 EH 6.03 HJ 5.27 JL 6.39 C 

Humic acid (0.2%) 8.10 AB  7.90 AC 7.50 BD 7.00 DF 6.47 FI 7.39 B 

Biofertile (2%) 8.53 A   8.33 AB  7.90 AC 7.47 BE 7.17 CF 7.88 A 

Control 6.10 GJ 6.33 FI 5.60 IK 5.13 KL  4.40 L   5.51 D 

means 7.47 A 7.38 A 6.90 B 6.41 C 5.83 D 
 

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test.  

 

Ascorbic acid content 

Data in Table (12) show that ascorbic acid 

content of sweet pepper fruits were decreased with 

the prolongation of the storage period in both 

seasons, these results are similar with those obtained 

by Ibrahim and Abdullah (2018). The reduction of 

ascorbic acid content during storage might owe much 

to great metabolic activity during storage as it is 

respired Wills et al., (1981). Sweet pepper fruits 

obtained from plants treated with all pre-harvest 

treatments had significantly the highest value of 

ascorbic acid content in fruits as compared with 

those obtained from untreated plants during storage. 

However, fruits obtained from biofertile were the 

most effective treatments in maintaining ascorbic 

acid content as compared with the other treatments or 

untreated plants during storage in the two seasons, 

followed by humic acid or seaweed extracts with no 

significant differences between them in the two 

seasons. Fruits obtained from untreated plants 

showed the lowest ones on ascorbic acid content 

during storage. These results were in agreement with 

those obtained by Khreba et al. (2014) for HA, 

Hassan and Emam (2015) for biofertile and Gad EL-

Rab (2018) for seaweed extract or humic acid. In 

general, the interaction between pre-harvest 

treatments and storage period was significant in the 

two seasons. After 28 days of storage, data revealed 

that all pre-harvest treatments had the highest value 

of ascorbic acid content with no significant 

differences between them in the two seasons, while 

fruits obtained from untreated plants (control) had 

the lowest ones in this concern. 
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Table 12. Effect of some bio-stimulants on ascorbic acid content (mg/100m FW) of sweet pepper  fruits during storage in 

                2016-2017 and 2017-2018 seasons. 

Treatments 
Storage period in days  

means 
Start 7 14 21 28 

 
season  2016/2017 

 
Seaweed extracts (0.2 %) 288.20  AD 285.10  AE 261.80  GJ 250.50  IK 244.80  JL 266.10 B 

Humic acid (0.2%) 294.80  AB  293.80  AC 265.20  FI 255.00  HK 248.20  IK 271.40 B 

Biofertile (2%) 299.20  A   296.40  AB  276.50  CG 268.60  EH 260.50  GJ 280.20 A 

Control 279.50  BF 274.00  DG 253.00 HK 240.00  KL  226.00 M   254.50 C 

means 290.40 A 287.3O A 264.10 B 253.50 C 244.88 C   

 
 season 2017/2018    

Seaweed extracts (0.2 %) 291.30 AD 288.20 AE 264.90 FI 253.60 HJ 247.90 IK 269.20 B 

Humic acid (0.2%) 298.90 AB  297.80 AC 269.40 FH 259.20 GJ 252.40 HJ 275.50 B 

Biofertile (2%) 303.70 A   300.90 A   281.00 CF 273.10 EG 265.00 FI 284.70 A 

Control 281.80 BF 276.30 DG 255.30 HJ 242.30 JK  228.30 L   256.80 C 

means 293.90 A 290.80 A 267.60 B 257.00 C 248.40 C   

Means in the same column having the same letter are not significantly different at 0.05 level by Duncan’s multiple rang test. 
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حلوال لفلفلل  التخزينية القدرة و الجودة و المحصول و الخضرى النمو  على المنشطات الحيوية بعض تأثير  
 سعيد عبد الله شحاته1,  محسن السيد محمد سعد2, محمود عاطف صالح2,  شيرين عطا عطاالله2

جامعة القاهرة . -كلية الزراعة  -قسم البساتين  .1 
مركز البحوث الزراعية بالجيزة. -حوث البساتين معهد ب -قسم بحوث تداول الخضر     .2 

 
تربة طينية طميية فى فى  6102 – 6102و   6102 – 6102 لعامى شتويخلال العروة الأجريت تجربتين تحت ظروف الصوب البلاستيكية 

ث البساتين بمحافظة الجيزة لدراسة تأثير جامعة القاهرة ومعمل قسم بحوث تداول الخضر بمعهد بحو  -محطة التجارب الزراعية بكلية الزراعة 
بالنباتات الغير معاملة  مقارنةرشا على النباتات  البيوفيرتيلك و يحمض الهيومة وهى مستخلص الطحالب البحرية و المنشطات الحيوي بعض

ستخدام المعاملة إن أالنتائج  وضحتأ .مونيستهجين لل تها التخزينيةالثمار وقدر  جودةو النمو الخضرى والمحصول ومكوناته  صفات ( على)المقارنة
 (SPAD)وراق , ومحتوى الكلوروفيل فى الأعلى النبات وراقرتفاع النبات, وعدد الأأالخضرى ) أدت الى زيادة معنوية لصفات النمو  بالبيوفيرتيل 

سمك اللحم بيعية والكيماوية ) طول الثمرة و الط الثمار جودةالمحصول الكلى( وصفات و  / النباتعدد الثماروالمحصول ومكوناته ) وزن الثمرة و 
ن ثمار الفلفل التى تم أيضا وجد أمعاملة بحمض الهيوميك. ستخدام الإيليها ( و محتوى فيتامين ج و نسبة المواد الصلبة الذائبة الكلية والصلابة

كثر فاعلية لتحسين القدرة التخزينية و المحافظة على صفات جودة الثمار حيث أعطت تيل كانت الأالحصول عليها من النباتات المعاملة بالبيوفير 
عطت مظهر أسكوربيك ، كما لمحتوى من حمض الأأقل فقد فى  الوزن مع المحافظة على اللون و الصلابة و نسبة المواد الصلبة الذائبة الكلية و ا

 .%59م و رطوبة نسبية  01ºيوم من التخزين على درجة حرارة  62جيد للثمار بعد 
 


