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ABSTRACT 

Growth, yield, and quality for two hybrids of color sweet pepper as influenced by some stimulant 

materials i-e chitosan with concentration (250 ppm), melatonin with (50 ppm) and potassium silicate with 

(2000 ppm) in addition to control. were studied. The experiments were carried out in two successive 

seasons 2021/ 2022 and 2022/ 2023 at the farm and laboratories of the Horticulture Department Faculty of 

Agriculture Minia University, El Minia Governorate, Egypt, under plastic house conditions. The 

experiment was laid out  as CRBD in the split plots design where the two hybrids were done out in the 

main plot and the stimulant materials were distributed in a subplot with three replicates. The results 

revealed that most growth parameters, yield, and its components such as average fruit weight and the 

number of fruits/plant in addition to some fruit quality i-e fruit wall thickness were improved significantly 

after spraying these materials compared to control plants (those plants which sprayed with water). Among 

these materials spraying plants with potassium silicate improved the number of fruits/plant, number of 

branches/plant, fresh weight of plant, and total yield. While spraying with melatonin had improved the 

average fruit weight, average fruit length, and dry weight of the plant, on the other hand spraying with 

chitosan had improved the average plant height. 

Keywords: Sweet pepper, hybrids, chitosan , melatonin , potassium silicate. 

 

INTRODUCTION 

In Egypt plastic houses became very 

important for early vegetable production, 

and save water, consumption, and saving 

significant amounts of fertilizer.During the 

last years had rapid changes in the 

technology used to produce plants under 

protected cultivations. Plastic houses, 

heating systems, automatic watering and 

nutrition systems have been developed and 

transformed for better plant growth. 

Peppers, scientifically known as 

(Capsicum annuum L.,) come in a wide 

variety of sweet and spicy varieties that are 
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enjoyed in many different ways around the 

globe. (Blanco-Ríos et al. 2013) , (Xavier 

& Van Zonneveld et al. 2015), and  
(Perez-Galvez 2016) all rank the genus 

Capsicum among the top five most 

extensively cultivated species globally. 

Vitamins, flavonoids, carotenoids, and 

phenolic chemicals are just a few examples 

of the many antioxidants found in fruits and 

vegetables. According to (Cong-Cong et al. 

2017), (Singh et al. 2017), (and Rodrigues 

et al. 2019), bell peppers are among the 

most consumed fresh vegetables because of 

their attractive color, delicious flavor, and 

high nutritional content. It has been 

established in human diet that peppers 

contain a high concentration of 

phytochemicals, including antioxidants, 

vitamin C, and carotenoids (Martínez et al., 

2007; Matsufuji et al., 2007and Sun et al., 

2007).In addition to their many other uses, 

peppers enhance the flavor, aroma, and color 

of food while also having medicinal, 

nutritional, and antioxidant effects.  

There is a natural polysaccharide 

called chitosan or chitin. Crabs, shrimp, 

fungus, and insect exoskeletons all contain it 

naturally in their cell walls (Katiyar et al., 

2015). By enhancing the morpho-

physiological characteristics and reducing 

the harmful effects of abiotic stresses 

through the stress transduction pathway, it is 

useful in agriculture (Hidangmayum et al., 

2019). different plants have shown improved 

tolerance to stress after prenous 

administration of chitosan (Kim et al., 

2005; Al-Tawaha et al., 2006; Balal et al., 

2017). 

According to (Murch, Krishna Raj, 

and Saxena 2000), melatonin,(N-acetyl1-5-

methoxtryptamine) which is an indolamine 

that has been methoxylated, can be produced 

by plants. While melatonin's (MEL) exact 

physiological roles in plants are still up for 

debate, new evidence points to a few 

possible roles (Tan et al., 2012). Studies 

have documented that MEL is as a potent 

free-radical scavenger in plants (Paredes et 

al., 2009; Tan et al., 2012 and Wang et al., 

2012). Furthermore, MEL is engaged in root 

and leaf development promotion, and it may 

also have a role in regulating circadian 

rhythms and photoperiodic reactions (Kolar 

and Machakova, 2005: Arnao & 

Hernández-Ruiz, 2007 and  Sarropoulou 

et al., 2012) and leaves (Okazaki et 

al.,2010 and Wang et al.,2013) . The 

positive impacts of MEL on human health 

are a contributing factor to the growing 

interest in plant MEL among scientists. 

According to research by Reiter, 

Manchester, and Tan (2005) and Iriti, 

Varoni, and Vitalini (2010), the absorption 

of melatonin from plants increases blood 

antioxidant capacity.  

According to Raij et al. (1973), 

potassium silicate (PSi) is an advantageous 

nutrient for many plant species, particularly 

grasses. Typically, the impact of silicon is 

associated with enhancing plant resistance 

mechanisms and reducing pest and disease 

populations. Deposition of silica under the 

leaf epidermis triggers the generation of 

phenols, which in turn stimulates 

phytoalexin production, decreases lodging, 

reduces transpiration, and boosts 

photosynthetic capacity; these effects on 

yield are related to physical defense 

mechanisms (Kornd et al., 2004). Current 

studies focus on finding effective ways to 

deliver Si through the leaves, as well as 

feasible alternatives to fertilization that use 

smaller amounts of PSi to activate the 

beneficial effects of this nutrient. Because of 

this, it is important to investigate the 

benefits of this method, which include 

reduced fertilizer waste (due to the fact that 

foliar fertilization involves directing tiny 

amounts of nutrients to the leaves), easier 

application, lower costs, and the use of high-
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quality fertilizers that are free of 

contaminants and easily soluble in water.  

This study aims to improve the 

qualitative growth and productivity of 

colored sweet pepper plants in the 

plastichouse via: 

1) Improving growth and yield in addition 

to fruit quality of colored sweet peppers 

under stressful conditions inside the 

plastic house by using some materials 

that play this role. 

2) Discover which of these materials have 

the ability to increase the capability of 

sweet pepper plants against to the 

adverse conditions inside the 

plastichouse. 

MATERIAL AND METHODS 

This study was carried out during the 

two successive winter seasons of 2021/2022 

and 2022/2023 in an unheated plastic house. 

This experiment was conducted at the 

research farm and laboratories of the 

Horticulture Department, and Food Science 

Department Faculty of Agriculture, Minya 

University, Minya Governorate, Arab 

Republic of Egypt. 

An analysis of the experiment soil was 

conducted, and its chemical in the first and 

second season are shown in Table 1 

Table (1): Chemical properties of soil characterization of the experimental site in in the 

first and second season. 

First season (2021/2022) 

PH 
EC Cations (meq/l) K 

ppm 

Anions (meq/l) 

dSm-1 ppm Ca Mg Na Cl CO3 HCO3 SO4 

7.4 0.148 95 0.18 0.12 0.43 13 0.54 0.00 0.19 0.004 

Second Season (2022/2023) 

PH 
EC Cations (meq/l) K 

ppm 

Anions (meq/l) 

dSm-1 ppm Ca Mg Na Cl CO3 HCO3 SO4 

7.2 0.153 98 0.15 0.11 0.48 12 0.60 0.00 0.15 0.003 

 

This study was conducted on two 

hybrids i.e.; yellow (Disco)and red 

(Radden), the characteristic of these hybrids 

is shown in Table (2). This study aimed to 

evaluate the effect of some materials that 

react as antioxidants and antitranspiration on 

growth, yield, yield components, and 

chemical composition of color sweet Pepper 

plants (Capsicum annuum L). 

 

Table (2): Some economic characters and description for Yellow Disco hybrid and Red 

Radden hybrid (purchased feom Green seed Company). 

Characters & 

description 
Disco Radden 

Country of origin Netherlands Netherlands 

Fruit length 9 (cm) 9 (cm) 

Fruit color Yellow Red 

Fruit shape Long type with fruit chambers Long type with fruit chambers 

Flower color White White 

Variety F1 hybrid (sweet pepper) F1 hybrid (sweet pepper) 

Maturity 80-85 day 85-90 day 
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Experiment soil inside the plastichouse 

was prepared as follows: 

Plastichouse was 40 meters long, 8.5 

meters wide, and 3.25 meters high. The 

plastic cover was a locally treated P.V.C 

sheet of 5 meters in width and 200 microns 

in thickness: 

1- Disposing of previous crop and waste. 

2- Irrigating the land to encourage weed 

seeds to germinate. 

3- Plowed the land well, taking into 

account changing the depth of plowing 

from one season to another. 

4- Combing and leveling the land. 

5- Adding organic and chemical fertilizers 

as following :. 

Compost was added at a rate of 2000 

kg (6 kg/m²). While, chemical fertilizers 

were added per one plastichouse at the rate 

of 40 kg (120 gm/m²) ammonium nitrate 

(33.5%), 50 kg (150 gm/m²) superphosphate 

(15.5% p2o5), and 25 kg (75 gm/m²) of 

Sulphur (agricultural Sulphur) and applied 

as broadcast and mixed with the soil. Then 

the soil was pulverized and formed into 

eight rows, each row 40 m long and 1 m 

wide. Transplants of sweet pepper plants 

were planted in the plastichouse on 

September 20
th

 in both seasons. 

Planting was done on both sides of 

each row in hills spaced 60 cm apart as a 

single plant per hill. The area of each 

experimental unit equal 10 m
2
.
 

Three weeks after transplanting, the 

recommended  drip irrigation fertilization 

program (fertigation) was used according to 

the Ministry of Agriculture fertilization of 

sweet pepper plants in plastichouse under 

middle Egypt condition. 

 

Experimental design: 

Treatments were arranged in three 

replicates using a Split plot in a complete 

randomized Block design. Where, the sweet 

pepper hybrids i-e(Disco) and (Radden) 

were distributed in the main plots and the 

antioxidant and antitranspiration i-e 

(chitosan), (melatonin) and (potassium 

silicate) were distributed in a sub plot. 

Use foliar spraying method of chitosan 

(250ppm), melatonin (50ppm), and 

potassium silicate (2000ppm),in addition to 

the control plants which were sprayed with 

distilled water. 

The preparation of antioxidant and 

antitranspiration substances solutions 

were as follows: 

Preparation of aqueous solutions of 

chitosan: 

Chitosan powder was added (0.25 gm) 

to 1 liter of distilled water, with 

5 ml of acetic acid was added, and dissolved 

to obtain the required concentration (250 

ppm). 

 

Preparation of aqueous solutions of 

melatonin: 

Five tablets of melatonin with a 

concentration of 10 mg were added and 

dissolved in 5 ml of 95% ethanol alcohol, 

then dissolved in one liter of distilled water 

to obtain the required concentration (50 

ppm). 

Preparation of aqueous solutions of 

Potassium silicate: 

Four ml of pure potassium silicate was 

added to one liter of distilled water, stirring 

well to obtain the required concentration 

(2000 ppm). 
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Spraying time and method: 

Two times of spraying the stimulant 

materials were applied. The first one was 

after 35 days from transplanting and the 

second one was after two weeks from the 

first one.  

Twenty liters of each material with its 

concentration which mentioned before was 

sprayed for each treatment. The plant was 

sprayed completely with this solution from 

the bottom to the top of the plant. 

Data Recorded 

I- Vegetative growth characters: 

Plant height (cm): The stem of 3 random 

plants was measured from the plant base 

(soil surface) to its top using a meter trip 

measuring tape after 3 months from 

transplanting. 

Number of branches per plant: It was 

measured by counting the number of 

branches per plant in 3 random plants in 

each replicate after 90 DAT. 

 Plant fresh weight (g): It was measured in 

3 random plants after the end of the 

experiment. 

Plant dry weight (g): It was measured in 3 

random plants  after the end of the 

experiment in the oven and dried at 70°c 

until constant weight. 

Chlorophyll-a, b:  

Chlorophyll A and B make up the total 

Chlorophyll content. It was measured by 

adding 5 ml of acetone (95%) to 0.5 g of 

fresh new leaves of 3 random plants, after 

that the samples were analyzed using a 

spectrophotometer at wavelengths of 662 

and 644 respectively after four weeks. The 

results were calculated according to the use 

of the following equations: 

Chlorophyll A = (9.784 ×E662) – (0.99 × E 644) = mg/L 

Chlorophyll B = (21.426 ×E644) – (4.65 × E 

662) = mg / L 

Where E = optical density of the given 

wavelength. 

Concentration (mg\g. F.W.) ꞊   

II- Characters of fruits and yield 

Mature sweet pepper fruits were 

harvested after 80 days for the yellow hybrid 

and 90 days for the red hybrid. Samples of 

three plants were collected randomly from 

each experimental unit and classified to 

determine the following studied traits. 

Fruit length (cm): It was measured by 

Vernier Caliper 

Fruit weight(g): It was measured by digital 

scale 

Fruit wall thickness (mm): It was 

measured by Vernier Caliper 

Number of chambers per fruit: It was 

measured by counting the number of 

chambers per fruit in 5 random fruits in each 

replicate after harvest. 

Number of fruits per plant: It was 

measured by counting the number of fruit 

per plant in each collection in 3 random 

plants in each replicate at harvest 

Total yield (kg): It was calculated as the 

average plant yield multiplied by the number 

of plants per experimental unit and 

converted to yield /m
2 

RESULTS 

1. Effect of spraying Chitosan, Melatonin 

and Potassium silicate on plant 

growth parameters: 

1.1. Plant height (cm): 

Data presented in table (3) show that 

both hybrids of color sweet pepper 

significantly different from each other, in 

their plant height in both seasons. Whereas, 
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the hybrid (“radden“ red color). Showed taller 

plants (100.2 and 108.7 cm) in comparison 

with hybrid (“disco “yellow color) which 

showed (92.7 and 103.2 cm) in the first and 

second seasons respectively. These results 

agree with those obtained by (Chartzoulakis 

and Klapaki, 2000) and (Geleta and 

Labuschagne, 2004) who found that the 

different hybrids of pepper differed in their 

plant height when grown under the same 

conditions. These differences between the 

hybrids depended on the genetic differences 

between them. 

Regarding the effect of spraying 

pepper plants with different substances. Data 

in the same table show that all substances 

except potassium silicate in the first season 

and chitosan in the second season increased 

significantly plant height in comparison with 

control plants in both seasons. Among these 

substances data in the same table (3) showed 

that the best one was chitosan in the first 

season which showed (103.1 cm) and 

melatonin in the second season which 

showed (112.2 cm), while the lowest one 

was (control) which showed the lowest 

values of plant height (89.8 and 99 cm) in 

the first and second season respectively. 

These results agree with those obtained by 

(Shehata et al., 2018 and Pereira et al., 

2019) who reported that the height of pepper 

plants increased with spraying stimulant 

materials. 

Regarding the interaction effects data 

in table (3) show that these interactions were 

significant in both seasons and the best 

treatment was when growing the hybrid 

(“radden“ red color) and spraying it with 

(melatonin) this observation was obtained in 

both seasons, while the lowes one was when 

grown the hybrid (“disco“ yellow color) 

with water control plants. 

 

Table (3): Effect of spraying Chitosan, Melatonin and Potassium silicate on Plant height 

(cm) in colord sweet peeper hybrids . 

Hybrids 

 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Radden 

96.3 103.3 104.6 96.7 100.2 100.7 107.7 124.3 102 108.7 

H2 

YELLOW 

Disco 

83.3 102.9 100 84.6 92.7 97.3 101.7 100 113.7 103.2 

Mean 89.8 103.1 102.3 90.6  99 104.7 112.2 107.8  

LSD 5% 
A= 

4.72 

B= 

9.10 

AB= 

2.46 
  

A= 

3.46 

B= 

6.97 

AB= 

5.34 
  

 

1.2. Number of branches per plant: 

The two hybrids of sweet pepper 

differed significantly in their number of 

branches/plant as shown in table (4). Where, 

the (“radden “red color hybrid) was superior 

in its number of branches/plant compared 

with (“disco“ yellow color hybrid) in first 

season and the revers was obtained in the 

second season. (“disco“ yellow color hybrid) 

was superior in second season compared 

with the (“radden“ red color hybrid). These 

results were observed in both seasons and in 

harmony with those obtained by (Malik et 

al., 2011) who found that the sweet pepper 

hybrids differ significantly in number of 

branches per plant. 
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Also, the number of branches/plant of 

color sweet pepper hybrids increased 

significantly after spraying the plants with 

stimulant compared to control plants in both 

seasons as shown in the same table (4). 

Among the these materials, potassium 

silicate in the first season and chitosan in the 

second season (5.9 and 5) were the best 

materials to obtain the higher value in 

number of branches per plant as data shown 

in table (4). These results are in harmony 

with those obtained by (Hassan et al., 2021) 

who observed that the number of branches 

per plant of pepper plants was increased 

after spraying plants with potassium silicate. 

Regarding the interaction effect data 

show that these effects were significant in 

both seasons. The best treatment which 

showed the highest value number of 

branches per plant was observed when 

spraying the (“radden“ red color hybrid) 

with potassium silicate in the first season 

and spraying the yellow hybrid with 

chitosan in the second season. 

 

Table (4): Effect of spraying Chitosan, Melatonin and Potassium silicate on Number of 

branches/plant in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Radden 

4.6 4.8 5.3 6.3 5.25 3.3 4.2 3.4 3.4 3.58 

H2 

YELLOW 

Disco 

4.6 5.6 5 5.6 5.2 4.1 5.8 5.3 4.3 4.88 

Mean 4.6 5.2 5.15 5.95  3.7 5 4.35 3.85  

LSD 5% 
A= 

0.04 

B= 

0.56 

AB= 

0.28 
  

A= 

0.81 

B= 

0.71 

AB= 

0.31 
  

 

1.3. Plant fresh weight (g): 

Data illustrated in the table (5) show 

that the two hybrids of color sweet pepper 

differ significantly in their plant fresh 

weight  in both seasons. The higher values 

of average fresh weight/plant (288 and 286.7 

g/ plant) in the first and second seasons 

respectively were observed with hybrid 

(“disco“ yellow color) and the lower values 

(179.8 and 184.7 g/plant) in the first and 

second seasons respectively was obtained 

from the hybrid (“radden“ red color). The 

plant fresh weight of the pepper plant also 

differed depending on the hybrid as reported 

by (Singh et al., 2011). 

After spraying pepper plants with 

stimulant materials, the plant's fresh weight 

had increased significantly except for 

chitosan in both seasons compared with 

control plants as data obtained in the same 

table (5). 

Both potassium silicate and melatonin 

were the best two materials, which show the 

highest values of plant fresh weight  with 

insignificant differences between their mean 

values in both seasons, whereas, potassium 

silicate was the best one in the first season 

and gave the highest plant fresh weight  

equal (252.8 g/plant). While melatonin was 

the best one in the second season and gave 

the highest average fresh weight equal 
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(251.2 g/plant) in the second season. 

According to previous studies spraying 

pepper plants with the same growth 

regulators led to an increase in its plant fresh 

weight as reported by (Shehata et al., 2018) 

and (Youssif et al., 2018). 

 

 

Table (5): Effect of spraying Chitosan, Melatonin and Potassium silicate on Plant fresh 

weight (g) in colord sweet peeper hybrids. 

Hybrids 

 

Treatment 

First season(2021/2022) Second season(2022/2023) 
Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

162.7 182.5 190.5 183.7 179.8 145.5 200.5 213 180 184.75 

H2 

YELLOW 

Disco 

263.7 266.2 300.2 322 288 288.5 266.2 289.3 302.8 286.7 

Mean 213.2 224.3 245.3 252.8  217 233.3 251.2 241.4  

LSD 5% 
A= 

68.04 

B= 

23.09 

AB= 

11.12 
  

A= 

64.13 

B= 

18.19 

AB= 

8.65 
  

 

The interaction between hybrids and 

antitranspiration materials was significant, 

in both seasons, The best treatment was 

gained after spraying the (“radden” yellow 

hybrid) with potassium silicate in both 

seasons. While the lowest one was after 

spraying the (“disco“ red color hybrid) with 

water (control plants), in both seasons. 

1.4. Plant dry weight (g): 

The two hybrids differed significantly 

in their plant dry weight/plant in both 

seasons as data shown in table (6). The 

(“disco“ yellow color hybrid) was 

significantly higher in its plant dry weight 

(g) and show (75 and 73.8 g) in first and 

second seasons as data shown in the same 

table (6). The differences between sweet 

pepper hybrids are also observed by 

(Chartzoulakis and Klapaki, 2000) and 

(Jadczak et al., 2010). 

Spraying colored sweet pepper plants 

with antioxidant materials led to an increase 

significantly in its plant dry weight (g)  in 

both seasons except  for chitosan in both 

seasons in comparison with control plants 

(these plants which were sprayed with 

water) in both seasons. Both melatonin and 

potassium silicate showed the highest values 

of plant dry weight (g) in both seasons, 

whears the differences between their mean 

values were insignificant in both seasons. 

Many studies reported that plant dry weight 

of pepper was increased after being sprayed 

with melatonin and potassium silicate as 

reported by (Kotb et al., 2018); (Youssif et 

al., 2018) and (Hassan et al., 2021). 

Among the interactions, the highest  

plant dry weight (g) of colored sweet pepper 

was obtained from  the (“disco“ yellow 

color hybrid) when sprayed with melatonin 

in the both seasons. 
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Table (6): Effect of spraying Chitosan, Melatonin, Potassium silicate on Plant dry weight 

(g) in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 
Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

45.5 49.2 49.7 46.7 47.8 33.3 53.3 56.7 46.6 47.5 

H2 

YELLOW 

Disco 

65.3 66.8 83.4 84.5 75 69.5 68.6 80 77.1 73.8 

Mean 55.4 58 66.5 65.6  51.4 61 68.4 61.8  

LSD 5% 
A= 

17.13 
B= 

6.95 
AB= 
3.96 

  
A= 

16.55 
B= 

8.81 
AB= 
2.93 

  

 

2. Effect of spraying Chitosan, Melatonin 

and Potassium silicate on chemical 

characteristics: 

2.1. Chlorophyll A: 

The results presented in table (7) 

indicate that the highest concentration of 

chlorophyll A was with the (“disco“ yellow 

color hybrid) which showed the highest 

values (2.810 and 2.911) in the first and 

second seasons respectively with significant 

differences in comparison with the 

(“radden“ red color hybrid),only in the first 

season. These results were observed in both 

seasons and in harmony with those obtained 

by (Malik et al., 2011) who, found that the 

sweet pepper hybrid are significantly 

different in its content of chlorophyll A. 

The spraying materials, showed 

insignificant differences were obtained 

between all treatments and control plants in 

both seasons. 

Also, there was a significant effect for 

the interaction treatments on chlorophyll A 

in both seasons. The best treatment was 

observed with sowing the (“radden“ red 

color hybrid) and spraying it with potassium 

silicate in the first season, and sowing the 

(“disco“ yellow color hybrid), and spraying 

it with potassium silicate in the second 

season. 

 

Table (7): Effect of spraying Chitosan, Melatonin, Potassium silicate on Chlorophyll A mg/l 
in colord sweet peeper hybrids. 

Hybrids 

 

Treatment 

 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin 
Potassium 

silicate 
Mean Control Chitosan Melatonin 

Potassium 

silicate 
Mean 

H1 

RED 

Raden 

2.874 2.522 2.757 2.905 2.764 2.907 2.887 2.807 2.937 2.885 

H2 

YELLOW 

Disco 

2.806 2.773 2.802 2.860 2.810 2.927 2.851 2.920 2.944 2.911 

Mean 2.840 2.647 2.779 2.883  2.917 2.869 2.863 2.940  

LSD 5% 
A= 

0.0416 

B= 

N.S 

AB= 

0.0562 
  

A= 

0.0528 

B= 

N.S 

AB= 

0.0562 
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2.2. Cholorophyll B: 

Results in table (8) showed that the 

average quantity of chlorophyll B differed 

significantly among the two hybrids,in both 

seasons. Wherase, (“radden“ red color 

hybrid) was superior and showed the highest 

values (4.821 and 4.323) in the first and 

second seasons respectively of leaf content 

of chlorophyll B. A comparison with the 

content of chlorophyll B in a leaf of (“disco“ 

yellow color hybrid) was showed the lowest 

values (3.978 and 3.443) in first and second 

seasons. These results agree with those 

obtained by (Malik et al., 2011) who, found 

that the sweet pepper hybrid showed 

significant differences in its content of 

chlorophyll B. 

Also, data in the same table (8) 

showed that the color sweet pepper plant 

differed significantly in its content of 

chlorophyll B after spraying it with 

antitranspiration materials. The quantity of 

chlorophyll B was increased significantly 

after spraying pepper plants with these 

materials in comparison with control plants, 

in both seasons. Among these materials, 

both melatonin and potassium silicate were 

the best materials in the first season, and 

chitosan and potassium silicate in the second 

season with insignificant differences 

between their mean values in this character. 

Chlorophyll B was differed also after 

stimulants pepper plants with some 

materials such as (Al-Kahtani et al., 2020); 

(Hassan et al., 2021) and (Altaf et al., 

2023). 

All the interaction effects were 

significant in both seasons and the best 

treatment was when sowing (“radden“ red 

color hybrid) and sprayed it with chitosan 

and melatonin in the first and second 

seasons respectively. 

 

Table (8): Effect of spraying Chitosan, Melatonin, Potassium silicate on [chlorophyll B 

mg/l] in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 
Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 
3.752 5.502 5.272 4.757 4.821 3.215 4.710 4.765 4.603 4.323 

H2 

YELLOW 

Disco 
2.695 3.989 4.492 4.741 3.978 2.913 3.558 3.090 4.210 3.443 

Mean 3.223 4.744 4.882 4.749  3.064 4.134 3.928 4.406  

LSD 5% 
A= 

0.461 

B= 

0.308 

AB= 

0.397 
  

A= 

0.421 

B= 

0.352 

AB= 

0.318 
  

 

3. Effect of spraying Chitosan, Melatonin 

and Potassium silicate on yield and it
’
s 

components and fruit quality: 

3.1. Average length/fruit (cm): 

The average length/fruit for (“radden“ 

red color hybrid) was higher significantly 

and show (9.3 and 9.2 cm) in first and 

second seasons in comparison with the fruit 

length of (“disco“ yellow color hybrid) 

which show (8.7 and 8.6 cm) in first and 

second seasons as data shown in table (9). 

Also, some sweet pepper hybrids differed in 

their average length/fruit as reported by 
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(Dinu et al., 2008) and (Pimenta et al., 

2016). Treated sweet pepper plants with 

stimulant materials led to an increase its 

fruit length significantly in comparison with 

control plants (Those plants treated with 

water only) as data shown in table (9) and 

these results were observed in both seasons. 

The melatonin showed the best in its effects 

to increase average length/fruit on both 

seasons when compared with the control 

treatment. Increasing fruit length after 

spraying plants with melatonin was reported 

by (Abd El-Aziz et al., 2021). 

The interactions data in the same table 

showed that after spraying the (“raden “red 

hybrid) with potassium silicate in the first 

season and melatonin in the second season, 

these treatments led to obtaining the highest 

significantly  value of average length/fruit 

with insignificant difference between their 

mean values. On the other hand, the lowest 

values of average length/fruit were observed 

with (“disco“ yellow hybrid) after spraying 

its plants with water (control plants) in both 

seasons, as data in the same table show. 

Table (9): Effect of spraying Chitosan, Melatonin and Potassium silicate on Average fruit 

length (cm)/plant in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

9 9 9.3 9.8 9.3 8.5 9.5 9.6 9.1 9.2 

H2 

YELLOW 

Disco 

7.1 8.6 9.7 9.3 8.7 8.4 8.4 8.9 8.7 8.6 

Mean 8.1 8.8 9.5 9.5  8.4 8.9 9.3 8.9  

LSD 5% 
A= 

0.38 

B= 

0.65 

AB= 

0.53 
  

A= 

0.38 

B= 

0.45 

AB= 

0.15 
  

 

3.2. Average weight/fruit (g): 

Results in table (10) show that the 

average weight/fruit differed significantly 

among the two hybrids. Where the hybrid 

(“radden” red) was superior and showed the 

highest value of average weight/fruit (235.3 

and 248.6 g) in the first and second seasons 

respectively in comparison with the second 

hybrid (“disco“ yellow) which showed a 

lower value of average fruit weight (210.6 

and 239.7 g) in the first and second seasons 

respectively. These results agree with those 

obtained by (Geleta and Labuschagne, 

2004); (Jadczak et al., 2010) and 

(Mahmoud and El-Eslamboly, 2015). Who 

found that the average weight/ fruit of 

pepper plants differed according to different 

hybrids. 

Also, data in the same table (10) 

showed that the average weight/fruit of 

pepper plants differed significantly as 

affected by different sources of spraying 

materials, in both seasons. All stimulant 

materials showed an improvement in this 

character when compared with control 

plants as data shown in table (10). These 

results reveal the highest average fruit 

weight (241.9 and 268.3 g) from spraying 

pepper plants with melatonin material (50 

ppm) in the first and second seasons 

respectively. The lowest value of average 

weight/fruit (178.1 and 213.4 g) was observed 

with those plants which sprayed with 

distilled water (control plants) in the first 

and second seasons respectively. These 

results are in harmony with those obtained 
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by (Wang et al., 2022) who observed that 

the average fruit weight of pepper plants 

was increased after spraying plants with 

melatonin. 

The interaction effect data in the same 

table (10) showed that the interactions were 

significant in both seasons. The highest 

value of average weight/fruit was obtained 

when (“radden” red hybrid) sweet pepper 

plants were sprayed with potassium silicate 

in the first season. While in the second 

season (“radden” red hybrid) sprayed with 

melatonin was the best treatment. while the 

lowest one was obtained from the hybrid 

(“disco“ yellow color) with water control 

plants in both seasons. 

 

Table (10): Effect of spraying Chitosan, Melatonin and Potassium silicate on Average fruit 

weight (g) in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 
Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 
180 236 247.6 277.42 235.3 215.8 253.3 276.1 249.3 248.6 

H2 

YELLOW 

Disco 
176.3 234.8 236.3 195 210.6 210.9 243.1 260.5 244.2 239.7 

Mean 178.1 235.4 241.9 236.2  213.4 248.2 268.3 246.7  

LSD 5% 
A= 

15.53 

B= 

37.74 

AB= 

19.32 
  

A= 

7.83 

B= 

12.92 

AB= 

13.14 
  

 

3.3. Fruit wall thickness(mm): 

Data presented in table (11) show that 

the values of fruit wall thickness were 

significantly higher in (“radden“ red color 

hybrid) when compared with the yellow one 

in the first season. These results are in 

harmony with those obtained by (Jadczak et 

al., 2010); (Mahmoud and El-Eslamboly, 

2015) and (Pimenta et al., 2016). 

Also, experiment data show that 

spraying sweet pepper plant hybrids with 

stimulant materials led to a significant 

increase in fruit wall thickness in 

comparison with control plants in both 

seasons, except with chitosan in the first 

season only. Among these materials, 

melatonin was the best in its effects to 

improve and increase fruit wall thickness of 

colored sweet pepper hybrids followed by 

potassium silicate with insignificant 

differences between their mean values  in 

both seasons. These results are in harmony 

with those obtained by (Kamal, 2013) who 

found that the fruit wall thickness of sweet 

pepper plants had increased after being 

sprayed with potassium silicate. 

All, interactions between the two 

factors of experimental factors were 

significant in the second season only and the 

best treatment was when using the (“radden“ 

red color hybrid) and spraying it with 

potassium silicate but with insignificant 

differences when spraying with melatonin. 

3.4. Number of chambers per fruit: 

Data in table (12) indicate that this 

character did not show any significant effect 

to hybrids or treatments or their interactions 

in both seasons. 
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Table (11): Effect of spraying Chitosan, Melatonin and Potassium silicate on [Fruit wall 

thickness )mm)/plant] in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

4 3.3 4.7 4.5 4.12 3.7 4.9 5.2 5.2 4.75 

H2 

YELLOW 

Disco 

3.3 3.7 4 4 3.75 4.1 4.9 5.1 5.1 4.80 

Mean 3.65 3.50 4.35 4.25  3.90 4.90 5.15 5.15  

LSD 5% 
A= 

0.24 

B= 

0.52 

AB= 

NS 
  

A= 

N.S 

B= 

0.65 

AB= 

0.21 
  

 

 

Table (12): Effect of spraying Chitosan, Melatonin and Potassium silicate on Number of 

chambers per the fruit of colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

4 3.8 4 4 4 3.7 3.8 3.7 3.7 3.7 

H2 

YELLOW 

Disco 

3.8 3.8 4 4 3.9 4 4 4 4 4 

Mean 3.9 3.8 4 4  3.8 3.9 3.8 3.8  

LSD 5% 
A= 

NS 

B= 

NS 

AB= 

NS 
  

A= 

NS 

B= 

NS 

AB= 

NS 
  

 

3.5. Number of fruits/plant: 

Recorded data in table (13) show that 

the number of fruits/plant of sweet pepper 

plant was higher significantly with 

(“radden“ red color hybrid) in comparison 

with (“disco“ yellow color hybrid) in both 

seasons. The (“radden“ red color hybrid) 

show (11.52 and 10.96) in comparison with 

(“disco“ yellow color hybrid) which shows 

(7.9 and 10.35) as the number of fruits/plant 

in the first and second seasons respectively. 

The differed in number of fruits produced by 

a single plant was obtained according to 

cultivar or hybrid differed as reported by 

(Geleta and Labuschagne, 2004); 

(Shrestha et al., 2011) and (Singh et al., 

2011). 

Spraying sweet pepper plants with 

different stimulant materials ,the number of 

fruits/plant had increased significantly as 

compared with control plants according to 

data shown in table (13). Potassium silicate 

was the best one of these materials in their 

effect on the number of fruits of color sweet 

pepper in both seasons. Number of 

fruits/plant was differed also after stimulants 

pepper plants with some materials as 

reported by (Lee et al., 2004); (Kamal, 

2013) and (Al-Kahtani et al., 2020). 
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Regarding the interaction effect on this 

trait data in table (13) show that all 

interactions effects were significant, in both 

seasons. The best treatment to obtain the 

highest number of fruit/plant in both seasons 

was after spraying color sweet pepper plants 

(“radden“ red color hybrid) with potassium 

silicate in both seasons. 

 

Table (13): Effect of spraying Chitosan, Melatonin and Potassium silicate on the number of 

fruit/plant in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

10 10.7 11.2 14.2 11.52 10.3 10.2 10.5 12.83 10.96 

H2 

YELLOW 

Disco 

7 8.7 8.1 7.8 7.9 8.7 11.7 11.0 10.0 10.35 

Mean 8.5 9.7 9.65 11  9.5 10.95 10.75 11.4  

LSD 5% 
A= 

2.1 

B= 

1.16 

AB= 

0.85 
  

A= 

0.60 

B= 

0.83 

AB= 

0.79 
 

 

 

3.6. Total yield (kg/m
2
): 

The performance of color sweet pepper 

hybrids that were investigated revealed that 

the genotypes had a substantial influence on 

the average yield kg/m
2
 as shown in table 

(15). The higher weight of yield/m
2
 was 

observed with the (“radden“ red color 

hybrid) which showed (6.9 and 5.6 kg/m
2
) in 

the first and second seasons respectively. 

However, significant differences was 

obtained in the first season only. The 

differences between sweet pepper hybrids 

were also observed by (Dinu et al., 2008) 

and (Singh et al., 2011). 

All foliar treatments significantly 

increased the yield of color sweet pepper 

hybrids compared to control plants as data 

show in the same table (14). The increment 

percentage for one square meter ranged from 

13% to 25% and 17% to 32% compared to 

control in the first and second seasons 

respectively. 

Among the, three substances the best 

one was potassium silicate which showed 

higher values of total yield per square meter 

(6.4 and 6.05 kg/m
2
) in the first and second 

seasons followed by melatonin with 

insignificant differences between them in 

the second season. These results are in 

harmony with those obtained by (Nada et 

al., 2020); (Hassan et al., 2021) and 

(Korkmaz et al., 2021). 

The interactions between hybrid and 

spraying materials showed significant 

effects on both seasons. The best treatment 

to obtain the highest yield/m
2
 was when 

sowing (“radden“ red color hybrid) and 

spraying it with potassium silicate in both 

seasons. 
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Table (14): Effect of spraying Chitosan, Melatonin, Potassium silicate on [average [total 

yield (kg)/m
2
] in colord sweet peeper hybrids. 

Hybrids 

Treatment 

First season(2021/2022) Second season(2022/2023) 

Control Chitosan Melatonin Potassium 

silicate 

Mean Control Chitosan Melatonin Potassium 

silicate 

Mean 

H1 

RED 

Raden 

5.4 6.7 7 8.4 6.9 4.7 5.2 5.8 6.6 5.6 

H2 

YELLOW 

Disco 

4.3 4.9 4.7 4.4 4.6 4.5 5.6 5.5 5.5 5.3 

Mean 4.85 5.8 5.85 6.4  4.6 5.4 5.65 6.05  

LSD 5% 
A= 

0.60 

B= 

0.54 

AB= 

0.49 
  

A= 

N.S 

B= 

0.55 

AB= 

0.44 
  

 

 

DISCUSSION  

The pepper plant hybrid (“radden“ red 

color hybrid) under investigation was found 

to differ significantly in most growth 

characteristics such as plant height, number 

of branches/plant (in first season), and 

chlorophyll B, Also in yield and its 

components such as the average length/ 

fruit, average weight /fruit, number of 

fruits/plant, fruit wall thickness and total 

yield (kg/m
2
) in comparison with (“disco“ 

yellow color hybrid) one ,which showed 

higher values of plant fresh weight, plant dry 

weight, number of branches/plant (in second 

season) and chlorophyll A as compared with 

(“radden“ red color hybrid) one. The 

fluctuant in data obtained from season to the 

anther may be as result of the changes in the 

environmental conditions 

Also, these differences may depend on 

the genetically differed between the two 

hybrids and the reaction for this genetically 

differed with environmental conditions and 

soil characters. 

These genetic differences between the 

two hybrids may be a result of 

a switch on and off for some genes whose 

role is controlled by biotic and abiotic stress 

in conditions of plant growth inside 

greenhouse conditions. Many investigators 

demonstrated the influence that the genes 

exert on physiological processes by 

controlling the mechanism of the synthesis 

of enzymes. 

In addition, our study found that 

compared to plants sprayed with water 

alone, colored sweet pepper hybrids sprayed 

with antitraspiration or antioxidant 

substances i.e chitosan, melatonin, and 

potassium silicate exhibited significant 

improvements in nearly all growth 

characteristics measured by yield, 

component addition, and quality parameters. 

It is possible that the effects of these 

compounds on plant growth and production 

are connected to the observed improvements 

in growth characteristics and increases in 

yield and its components following 

spraying. While chitosan is known to 

improve morpho-physiological parameters 

and reduce the harmful effects of abiotic 

stresses through the stress transduction 

pathway, it has also been shown to increase 

plant tolerance to a number of stresses, 

improve growth characteristics, and increase 

the germination rate of numerous plants in 

previous studies (Kim et al., 2005; Al-

Tawaha et al., 2006; Balal et al., 2017). 
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The function of melatonin has now 

been suggested Research by Tan et al. 

(2012). Tan et al. (2012), Wang et al. 

(2012), and Paredes, Korkmaz, 

Manchester, Tan & Reiter (2009) all found 

that MEL is a powerful free-radical 

scavenger in plants. Furthermore, MEL has 

been found to promote root and leaf growth 

(Aranao & Hernández-Ruiz, 2007; 

Sarropoulou, Therios & Dimassi-Theriou, 

2012), and it may also play a role in the 

regulation of circadian rhythms and 

photoperiodic reactions (Kolar & 

Machakova, 2005). The positive impacts of 

MEL on human health are a contributing 

factor to the growing interest in plant MEL 

among scientists. 

According to Raij et al. (1973), 

potassium silicate is an advantageous 

nutrient for many plants, particularly 

grasses. Typically, the impact of silicon is 

associated with enhancing plant resistance 

mechanisms and reducing pest and disease 

populations. The formation of phenols, 

which boosts phytoalexin production, 

minimizes lodging, reduces transpiration, 

and increases photosynthetic capacity, as 

well as the impacts on yield, are all 

connected to physical defensive mechanisms 

involving the deposition of silicate under the 

leaf epidermis. 
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 الملخص العزبً
 

دور بعض المىاد المحفزة فً ححسٍه ومى وإوخاجٍت وجىدة هجه فلفل الألىان الحلى ححج ظزوف البٍىث 

 البلاسخٍكٍت 

وعمانعبذالله محمىد  - سزي حمام عبذالمجٍذٌ
  -

طىطاوي اسماعٍل ابىبكز عبذالىهاب 
 

 قسى انبساحٍٍ كهٍت انشراػت صايؼت انًٍُا

أصزٌج حضزبخاٌ حقهٍخاٌ ححج ظزٔف انبٍج انبلاسخٍكً بًشرػت قسى انبساحٍٍ بكهٍت انشراػت صايؼت انًٍُا خلال         

صزٌج انخضارب نذراست حأرٍز رش بؼض يضاداث انُخح ٔيضاداث الأكسذة فً أ. 0202/ 0200ٔ  0200/ 0202يٕسًٍٍ 

رحبج يؼايلاث انخصًٍى . ححسٍٍ انًُٕ ٔانًحصٕل ٔصٕدة انزًار نٓضٍ انفهفم الانٕاٌ ححج ظزٔف انشراػاث انًحًٍت

ذ ٔسػج ْضٍٍ انفهفم حٍ. انخضزٌبً فً رلاد يكزراث باسخخذاو َظاو انقطغ انًُشقت فً حصًٍى انقطاػاث كايهت انؼشٕائٍت

 ،)شٍخٕساٌ) دٌسكٕ فً انقطغ انزئٍسٍت ٔٔسػج يضاداث الأكسذة ٔيضاداث انُخح( اصفز)ْٔضٍٍ ( رادٌ)انحهٕ ْضٍٍ احًز 
 .قطغ فزػٍت ححج ظزٔف انصٕب انبلاسخٍكٍتانفً ( سٍهٍكاث انبٕحاسٍٕو) ،(يٍلاحٍٍَٕ)
 

 : وٌمكه حلخٍص وخائج هذي الخجارب على الىحى الخالً

 

َباث، انكهٕرٔفٍم ب، يخٕسظ /ػذد الأفزع كاٌ يخفٕقاً فً ارحفاع انُباث،( انٓضٍٍ الأحًز انهٌٕ رادٌ) حأثٍز الهجٍه

و/كضى)انكهً  انًحصٕلٔسٌ انزًزة، 
2

ٔفً َفس انٕقج . َباث، سًك صذار انزًزة، ٔيخٕسظ طٕل انزًزة/، ػذد انزًزة(

 .َباث، ٔانكهٕرٔفٍم أ/َباث، ٔانٕسٌ انضاف/سٌ انطاسسفً يخٕسظ  انٕ( انٓضٍٍ الأصفز انهٌٕ دٌسكٕ)حفٕق 

 

 نّ حأرٍز اٌضابًأظٓزث َخائش انبحذ أٌ رش َباث انفهفم الانٕاٌ انٓضٍٍ بأي يٍ ْذِ انًٕاد انًضادة نلأكسذة  حأثٍز مىاد الزش
نزًار يقارَت يؤشزاث ًَٕ انُباث ٔسٌادة كم يٍ انًحصٕل ٔيكَٕاحّ بالإضافت إنى صفاث صٕدة ا ٔيؼُٕي فً ححسبٍ

َباث ٔانكهٕرٔفٍم ب يٍ يؤشزاث /كاٌ نًادة انشٍخٕساٌ حأرٍز إٌضابً فً ححسٍٍ ارحفاع انُباث ٔػذد الأفزع. بانكُخزٔل

َباث، ارحفاع /َباث، انٕسٌ انضاف/نقذ حسٍ يخٕسظ انٕسٌ انطاسس. ٔفً انٕقج َفسّ، كاٌ انًٍلاحٍٍَٕ يخفٕقا. انًُٕ

و/كضى)انًُٕ ٔيخٕسظ ٔسٌ انزًزة، انًحصٕل انكهً انُباث، ٔانكهٕرٔفٍم ب نًؤشزاث 
2
، ٔيخٕسظ  طٕل انزًزة نًكَٕاث (

َباث، ٔػذد /َباث، ٔانٕسٌ انضاف/فً انًقابم حفٕقج سٍهٍكاث انبٕحاسٍٕو حسٍ فً يخٕسظ انٕسٌ انطاسس. انًحصٕل

انزًزة ٔانًحصٕل انكهً َباث كهٕرٔفٍم أ ٔكهٕرٔفٍم ب فً يؤشزاث انًُٕ ٔيخٕسظ ٔسٌ انزًزة ٔسًك صذار /الأفزع

و/كضى)
2

  ٔيخٕسظ طٕل انزًزة نًكَٕاث انًحصٕل( 

 


