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ABSTRACT 
Physiological disorders are the main reason for reduction of sweet pepper fruit quality and marketable 
yield, especially those caused by a high temperature combined with deficiency of vegetative growth 
and calcium deficiency. The study was carried out during the seasons 2016 and 2017 under sandy soil 
conditions in 5.5 m height net house at El-Katta village, Giza, Egypt. This study amid to improve the 
marketable yield of two sweet pepper cultivars (Helsiniki RZ F1 as yellow and Massilia RZ F1 as red) 
by decreasing abiotic stress (sunscald and blossom end rot (BER.) using three shading levels, and 3 
concentrations of chelated calcium and ascorbic acid. In addition to studying their effects on plant 
growth, total and marketable yield and leaves chemical composition of two sweet pepper cultivars. This 
experiment consisted of 24 treatments (2 shading levels (25 % whole of season and 50% for 40 days 
and after that 25% to the end of season) × 3 chelated calcium concentrations (0, 50, 75 ppm) × 2 
concentrations of ascorbic acid (0 and 300 ppm) both of them as a foliar application twice monthly on 
the two sweet pepper hybrids. All treatments were set in strip plot in a randomized complete blocks 
design with three replicates. Cultivars were set in the main plot whereas the two shading levels were set 
in the strip and the calcium concentrations were arranged in the sub strips while the ascorbic acid 
concentrations were arranged in sub-sub plot. The second level of shading (50% for 40 days and 25% 
to the end) gave significant increases in all aspects of vegetative growth and total chlorophyll content 
that reflected on total and marketable yield. Whereas it caused significant reductions in the deformed 
fruits number, by sunscald and blossom end rot (BER) disorders, which maximized the total number, 
weight and quality of fruits. The fruit color in both cultivars under study was improved by using 50% 
shading for 40 days + 25% to the end compared with control. Spraying Calcium at 75 ppm had a 
significant improvement on all fruit characteristics whereas reducing the deformed fruits.The 
interaction of shading levels with calcium application had a significant vigor in vegetative growth, yield, 
and fruit quality in both cultivars. Ascorbic acid showed a significant effect on fruit quality especially 
when applied with 75 ppm calcium chelate in both cultivars under both shading levels.The study 
recommended that, for yielding a good quantity and quality of sweet pepper, should be use shading 
(50% for 40 days) in addition to spraying of 75 ppm calcium with 300 ppm ascorbic acid twice a month. 
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1. Introduction 

During the growth cycle of pepper, the producers in greenhouses face many adverse 
environmental conditions such as high temperature and high radiation, particularly during late spring 
and summer. These conditions exert a negative impact on plant growth and yield (López-Marín et al. 
2011). According to Schwarz et al. (2010), the main negative effect exerted by high temperature and 
radiation are reduction in growth, decrease in photosynthetic rate, increased respiration, and reduced 
water and ion uptake. Therefore, the use of shading screens is thought to be an alternative to overcome 
this problem, which causes a reduction of incoming radiation, reduces the heat loading inside the 
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greenhouses and maintains a low level of humidity around plants (López-Marín et al. 2012). Moreover, 
under high temperature, shading at an early stage of plant development increased cell division in leaves, 
whole plant dry matter, and positively affected fruit growth and yield as mentioned by Schoch (1972). 
Also, high light intensity can lead to disorders in the development and appearance of fruits (Dorais et 
al., 2001). Uneven ripening and sunscald injury fruits are two physiological disorders showed as on by 
direct effects of light on fruits. Sunscald injury of fruit increased with irradiance and air temperature 
and their combined effects (Adegoroye and Jolliffe, 1987). Cracks in the skin of fruits are one of the 
most common defects of tomato production. Sunlight plays a big role in this defect. The sweet pepper 
fruits expose to sunlight more than twice as likely to develop cracks as shaded fruit (Whaley Emmons 
and Scott, 1997). The shading also affected on fruit set, number of fruits per plant, fruit development 
and yield (Rylski and Speigelman, 1986). However, the response of pepper plants to shading will 
probably vary in different geographical areas, cultivars and from agricultural practices (López-Marín et 
al. 2012). Furthermore, shade nets commonly used to modify the crop microenvironment with the goal 
of improving crop production (Castellano et al., 2008). Effects of shade level on crop 
microenvironment, plant growth, leaf gas exchange, and leaf mineral nutrient content in pepper 
reported. The benefit of shade on quality in this case was due to less blossom end rot and cracked skin 
(Díaz-Pérez, 2013). 

Mineral nutrition plays an important role of plants in their growth and development, as well as 
their size and quality of yield. Calcium has become more popular for additional function as a secondary 
information transmitter. Calcium ion uptakes is conditioned genetically. The process of Ca absorption, 
transportation, and distribution in plants is influenced by soil, biological, and climatic factors (Sajid et 
al., 2020). Ca2+ ions protect cell membranes from heat injury, possibly by binding to the cell membrane 
to reduce its fluidity under high temperatures (Cooke et al., 1986). Also, the application of exogenous 
Ca2+ mitigates the negative effects of heat stress by reducing cellular oxidative damage, and improving 
rates of photosynthesis (Yang et al., 2013). Furthermore, calcium plays a significant role in regulating 
stomatal movement (Atkinson et al., 1989), and the application of calcium improves the rates of 
photosynthesis under heat stress (Tan et al., 2011). Calcium is an important nutrient that plays a main 
role in the structure of cell walls and cell membranes, fruit growth, and development, as well as general 
fruit quality (Kadir 2004). Calcium also effects on the membrane stability and tissue respiratory rate 
and resistance to fungal infections (Hepler, 2005). Moreover, it is required for various structural roles 
in the cell wall membranes and plays a key role in plant growth and fruit development. In addition, it is 
involved in many biochemical and physiological processes (Salim et al, 2019). Calcium also can 
enhance plant resistance to diseases (Usten et al., 2006). In contrast, calcium deficiencies cause a 
decline in the growth of meristematic tissues; reduce the size of leaf, yields, and cause a necrosis of 
young leaves and extreme deficiency can cause blossom-end rot (B.E.R). BER can cause severe 
economic losses (Taylor and Locascio, 2004) especially in alkaline soils suffering from calcium 
reduction and sodium increas. One of the most frequently appearing disorders in pepper nutrition is 
blossom-end rot (Paradiković et al., 2013). The main cause of this disorder is limited water absorption 
by plants, which is closely related to Ca transport (Cobanero et al., 2004). One of the ways to prevent 
BER occurrence is Ca foliar spraying. Foliar application of Ca showed a significantly decrease in 
blossom-end rot occurrence (Rab and Haq, 2012) in addition to positive effects on the biological value 
of the yield. A combination of standard fertilization and foliar nutrition with 0.5% solution of Ca in the 
cultivation of peppers in greenhouses completely eliminated blossom-end rot (Paradiković et al., 2004).  

Ascorbic acid (ASA) is a small, water-soluble molecule, which acts as a main substrate in the 
cyclic pathway for neutralization, detoxification of superoxide radicals and singlet oxygen (Smirnoff 
2005). Ascorbic acid is an antioxidant which plays a role in photosynthesis, redox signals, pathogen 
defense, metal and xenobiotic detoxification and regulation of growth. The increase of ascorbic acid 
(ASA) concentration in the plants increase the nutritive values of the yield and also ensures the growth 
of the plants and allows them to develop resistance against stress (Smirnoff, 2000). Ascorbic acid plays 
a key role in stress signals in physiological mechanisms (Wolucka et al. 2005) such as the regulation of 
photosynthesis and cell division (Smirnoff, 1995). Moreover, ascorbic acid application caused a 
significant increase in all growth traits and total yield of tomato (Abd El- Halim, 1995). In the same 
respect, (Talaat , 2003) reported that foliar application of ascorbic acid (ASA) increased the (NPK) or 
content of macronutrients of sweet pepper fruits. Also, ASA is effective in the regulation of 
photosynthetic capacity and effects on message processing plant hormones during developmental stages 
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(Del Rio et al, 1991). In addition, ASA plays an important role in the electron transport system and its 
important as a cofactor in many key enzymes in plants (Mahalingam and Fedoroff, 2003). Furthermore, 
Antioxidants intercept free radicals and protect cells from the oxidative damage that leads to aging and 
disease (Karadeniz et al., 2005). Antioxidants Active oxygen scavengers) could be beneficial in the 
protection of the function and structure of the photosystems against excess light (Rajagopal et al., 2005). 
Antioxidants play main role in the reduction or prevention enzymatic process by inhibiting polyphenol 
oxidase (Maurice et al., 2000). However, (Wassel et al. 2007) assumed that the effect of ascorbic acid 
on plant growth might be due to the auxinic action of ascorbic acid as well as, its significant role in 
many physiological and metabolic processes and enhancing carbohydrates synthesis.   

The current study amid to study how to improve sweet pepper fruit quality by shading, calcium 
and ascorbic acid foliar applications for obtaining good growth and highly marketable yield of two 
sweet pepper cultivars under protected cultivation in summer season and study their effects in 
eliminating the physiological disorders of sweet pepper. 
 
2. Materials and Methods 
 

This study was carried out under sandy soil conditions in a 5.5 m height net house at the 
greenhouse farm in El-Katta village, Giza, Egypt.  Two successive summer seasons cultivation seasons 
of 2016-2017and 2017–2018 were conducted for studying the effects of two shading levels, three 
concentrations of chelated calcium and two concentrations of ascorbic acid as a foliar application on 
vegetative growth, total and marketable yield and fruit chemical composition of two sweet pepper 
cultivars.  

The experiment consisted of 24 treatments (2 shading levels (25% from planting to the end of 
season and 50% for 40 days from seedling transplant followed by 25% to the end of the season) × 3 
chelated calcium concentrations (0, 50, 75 ppm) Calecin × 2 ascorbic acid (0 and 300 ppm) foliar 
application two times per month on two sweet pepper cultivars (Helsiniki RZ F1 as a yellow and 
Massilia RZ F1 as a red). The experiment set in strip plot in a randomized complete blocks design with 
three replicates. Cultivars were set in main plots but the shading levels were set in the main strip 
however the calcium concentrations were arranged in the subplot while the ascorbic acid concentrations 
were arranged in sub-sub strips.    

Pepper seeds were sown in the nursery in speedling trays (84 cells) filled with peat moss and 
vermiculite mixture (3:2 volume) on 26th and 28th of March in 2016 and 2017seasons, respectively. 
Seedlings were transplanted on May 20th and 23th in both seasons, respectively, on two sides of 1.25 
m width beds, at the distance of 40 cm between plants within each bed. The calcium chelated and 
ascorbic acid application were treated after the first month from transplanting two times per month. The 
screen greenhouse provided 25% shading which was the first treatment. Additional black screen was 
used to provide a total of 50% shading. 

Each main plot was divided in two main strips for arranged the two cultivars after that in the sub 
strips were arranged for the first and the second level of shading. Each sub strip was divided into 3 sub-
plots for arranged the calcium application. Each subplot was divided as 2 sub subplots for arranged the 
ascorbic acid concentrations. Each sub subplot consisted of 50 plants in two rows each row was 10 m 
in length and 1.25 m in width and consists of 25 plants. 

The conventional agricultural practices, i.e., fertilization, irrigation, pest and weeding control 
were carried out as recommended by the Agriculture Ministry of Egypt. 
 
2.1. Studied characteristics  
A. Vegetative growth characteristics 

Vegetative growth characters were recorded 90 days after transplanting of three plants randomly 
chosen from each plot as follows: (a) plant high (cm), (b) total fresh weight (g), (c) leaf area (cm2), (d) 
number of leaves per plant, (e) leaves dry matter, (f) stem dry matter, (g) total dry matter, (h) percentage 
of dry matter and (i) fruit set percentage.  

 
B. Yield and its components  

Yield and its components are as follows: (a) early yield (kg/plant) (b) total yield of fruits/plant, 
(c) the total number of fruits/plant, (d) marketable yield, (e) percentage of unmarketable yield, (f) total 
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number of unmarketable fruits, (g) number of blossom end rot fruits (BEB), (h) number of cracked 
fruits and (i) number of sunscald fruits. 

 
C. Fruit characteristics  

Fruit yield and quality pepper fruits at the marketable stage (80% colored fruits) were selectively 
harvested twice weekly. At harvest time (from 90 days after transplanting until the end of the 
experiment). 

Fruit characteristics are as follows: (a) average fruit weight (gm) (b) fruit length (cm), (c) fruit 
diameter (cm), and (c) fruit wall thickness (mm).  

 
D. Chemical analyses 
a. Plant dry weight (g) was measured as the weight of the same plants used for plant fresh weight after 

being dried out in an oven with driven hot air at 70°C until a constant weight is achieved.  
 
b. Plant dry matter percentage was measured by this equation: 

Plant dry matter % 
Plant dry weight (g) 

x 100 
Plant fresh weight 

 
c. Total nitrogen in leaves was assayed in milligrams per gram dry weight by the micro-Kjeldahle 

method indicated by Pregl (1945). 
d. Total phosphorus (%) was determined calorimetrically, according to the method described by 

Murphy and Riely (1962), as modified by John (1970).  
e. Potassium concentrations in leaves, in mg/g dry weight, were determined using a flam-

photometrically, according to the method described by Brown and Lilleland (1946). 
f. Calcium was measured with an atomic absorption spectrophotometer according to Maqueda and 

Morillo (1990). 
g. Ascorbic acid was determined as mg/ 100 g fresh weight according to A.O.A.C. (2016). 
h. Total soluble solids (TSS %) were measured in fruit juice by using a hand refractometer, according 

to the methods of AOAC (2016).  Four fruits were taken randomly from each treatment for this test. 
i. For determination of total chlorophyll content, which used the fifth leaf from the shoots growing tip, 

was measured as SPAD units by Minolta SPAD 501 chlorophyll meter (Minolta Co. Ltd., Japan) 
(Yadava1986). 
 

2.2. Experimental design and statistical analysis  
The experiments layouts were factorial experiment in strip plot with randomized complete blocks 

design with, three replications. Data were statistically analyzed, using analyses of variance (ANOVA) 
with the Stat soft statistical package (MSTATC) soft-ware program (Michigan State University, East 
Lansing, MI, USA). Probabilities of significance among treatments and means compared with the least 
significant difference (L.S.D.) (P ≤ 0.05) Gomez and Gomez (1984). 
 
3. Results and Discussion 
 
3.1. The effects of seasons and their interactions with all factors: - 

The single effects of the seasons and their interactions with replicates and with all factors under 
study showed no-significant differences in all traits, therefore (data not presented). 

 
3.1.1. The single effects 
3.1.2. Varieties of sweet pepper effects on vegetative growth, yield and fruit characteristics 

Concerning cultivars effect, data in Table (1, 2 and 3) obvious that there were no statistical 
differences detected between both cultivars on all treats through two seasons 2016 and 2017 except 
total soluble solutions (T.S.S.). This may be due to the fact that TSS characteristic is a genetic trait 
which influenced by more environmental factors. 
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3.1.3. Shading effects on vegetative growth characteristics  
Different shading treatments had a significant (P < 0.05) impact on plant morphological 

parameters (Table 1), i.e., the plant height substantially increased with shading increasing from 25% to 
50% during both seasons. Rylski and Spigelman (1986) obtained similer results, they attributed the 
increase in pepper plant height to both the internode elongation and node number. Moreover, this may 
be due to plants grown in shade resembled etiolated plants, which have an unwanted tall appearance 
and are more apical dominant. It also produces a phototropism response to modify plant growth and 
development to receive enough light (Kumar et al, 2014). Also, augment results were obtained in other 
vegetative growth parameters i.e., total chlorophyll, fresh weight, leaf area, number of leaves and dry 
matter content except for plant dry matter percentage were significantly with decreased light intensity. 
Plants grown in the shade have a larger leaf area than the plants cells expand low light intensities to 
receive light for photosynthesis (Tinyane et al., 2013). The obtained results are consistent with previous 
reports that indicating photosynthetically active radiation, air temperature, leaf temperature, and root-
zone temperature decreased linearly with increasing shade levels (Díaz-Pérez, 2013). From this 
concern, these data demonstrated that shading alleviates heat stress for pepper seedlings growth (Allen, 
1975) this was revealed by higher plant vegetative growth (Ilahy et al, 2013).  
Results showed significant decreases in total chlorophyll content in 25% shaded conditions (Table1) as 
compared to 50 % suggesting that a light intensity of greater than that of 25% shade conditions may 
seriously harmful or totally deactivate the photosynthetic system. The stimulation in the production of 
chlorophyll pigment under shading treatments may be due to that leaves under low light conditions have 
chloroplasts arranged near the upper surfaces of cells and possessed well-formed grana to intercept 
lighter. Thus, this would increase the efficiency of the leaves in photosynthesis (Shirly 1929). 
 
Table 1: Effect of two shading levels and three calcium concentrations and two ascorbic acid 

concentrations as a foliar application on some vegetative growth characteristics and total 
chlorophyll of two sweet pepper hybrids as a combined analysis across two seasons 2016 
and 2017.   

 Plant 
height 
(cm) 

Total fresh 
weight 
(gm) 

Leaf 
area 
(cm2) 

No. of 
leaves 

Total 
chl. 

(SPAD) 

Dry mater (gm) % of dry 
weight 

Varieties Leave Stem Total 

Helsiniki 127.58 875.1 135.1 205.58 58.28 30.95 37.33 68.28 12.83 

Massilia 126.67 868.25 131.35 243.83 59.69 30.73 37.06 67.79 12.82 

LSD 0.05 NS NS NS NS NS NS NS NS NS 

Shading levels 

25--25 117.17 810.81 125.09 179.31 54.84 28.32 34.18 62.51 12.83 

50--25 137.08 932.53 141.36 270.1 63.14 33.36 40.2 73.56 12.82 

LSD 0.05 9.65 16.71 7.61 23.83 1.99 2.11 0.53 2.61 NS 

Ca concentrations (ppm) 

25 124.81 854.47 131.13 214.99 57.21 30.14 36.35 66.48 12.87 

50 127.19 872.81 133.08 224.34 59.46 30.88 37.24 68.11 12.82 

75 129.38 887.74 135.48 234.79 60.30 31.51 38.00 69.51 12.78 

LSD 0.05 3.23 20.44 1.43 4.7 1.2 0.49 0.45 1.41 NS 

ASA concentrations (ppm) 

0 124.58 856.35 131.27 223.98 57.98 30.19 36.41 66.60 12.87 

300  129.67 887.00 135.18 225.43 59.99 31.50 37.97 69.47 12.78 
LSD 0.05 NS 16.71 NS NS 1.99 NS NS 2.61 NS 

 
Plants grown under shaded conditions are known to optimize their effectiveness of light 

absorption by increasing pigment density per unit leaf area (Wittmann et al., 2001). According the 
pattern of shading plants in the shaded condition will adapt by increasing the content of total 
chlorophyll. In general, chlorophyll content increases with increasing shade. The obtained results are 
supported by the findings of Muhidin, (2018) who indicated that the decrease in light intensity to some 
extent can increase the chlorophyll content.  
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3.2. The effects of calcium foliar application on vegetative growth characteristics.  
Concerning reaction of pepper growth regarding to calcium treatments, data in Table (1) illustrate 

that increasing the concentration from 25 to 75 ppm significantly led to increase in all the previous 
parameters of pepper growth. Results are in agreement of the results obtained by Michałojć and Dzida 
(2012.) on sweet pepper plants. The increasing in plant height probably caused by calcium activation 
for cell mitosis, division and elongation enzymes (Jones, 1999). While the increase in leaf area may be 
due to the role of calcium in cell expansion and cell division (Hepler, 2005). Moreover, the augment 
results of vegetative growth due to the role of calcium are multi-functional nutrient in plant physiology 
and vital for vegetative growth and development (Marschner, 2012). Furthermore, calcium is important 
intracellular messenger, mediating responses of hormones, biotic and abiotic stress signals and a variety 
of developmental processes (Abou El Hassan and Husein 2016).  

Data presented in Table (1) showed that highest level calcium foliar application (75 ppm) 
increased the total chlorophyll content in pepper leaves as compared with other levels in the two tested 
seasons. Similar results were recorded by El-Tohamy et al., (2006) and Salim et al., (2020) on sweet 
pepper and eggplant, respectively. Moreover, the application of exogenous Ca2+ mitigate cause the 
negative effect of heat stress by reducing cellular oxidative damage, sustaining the PSII complex, and 
improving rates of photosynthesis (Yang et al., 2013). 

 
3.3. The effects of ascorbic acid foliar application on vegetative growth characteristics. 

Table (1) showed that no significant differences were detect between the foliar application with 
ascorbic acid and non-treated plants growth except the total fresh and dry weight, which increased with 
the application of ascorbic acid in both growing seasons. Similar results were recorded by Majeed 
(2019) on pepper and tomato plants respectively. These superior results of ascorbic acid may be due to 
the regulation of cell division and its important roles in different processes, such as photosynthesis, 
photoprotection and cell expansion tolerance to environmental stress (Mohamed et al 2020). Results 
demonstrated that ascorbic acid increase total chlorophyll content in pepper plant leaves (Table 1). 
Since ascorbic acid is a detoxifier and neutralizer of superoxide radicals, it can prevent chlorophyll 
degradation and indirectly enhance leaf chlorophyll content (Bybordi, 2012). whereas, ascorbic acid 
has a positive effect on photosynthesis (Nicholas and Wheeler 2000) Furthermore, positive effects on 
stomatal conductance, respiration decrease, chlorophyll, leaf area (Smirnoff and Wheeler 2000). Also, 
ascorbic acid has auxinic function and effective role in the biosynthesis of carbohydrates. Moreover, 
Ascorbic acid (Vit. C) foliar application induces many stimulating effects on growth and some 
physiological activities of different plants (Shazly et al. 2013). Also, Oertli, (1987) suggested that the 
functions of vitamin C include reversal stress effects (temperature), antioxidants, protection of 
chloroplast and electron transport system. It also, stimulates respiration activities, cell division and 
many enzymes activities. In addition, the reason for these augment results may be due to increase 
growth as a result of foliar spray for ascorbic acid and its role in the division and cell elongation which 
leads to increased leaves area and leaves chlorophyll content (Al-Khafaji and Alwan, 2014). 

 
3.4. Shading effects on yield and its component and quality 

Data recorded in Table (2) clear that increasing shad level from 25 to 50 % was significantly 
suitable for increase both early and total yield beside raises in the marketable fruit (kg/plant) and 
reducing the number and percentage of unmarketable yield (kg/plant) in two growing seasons. Drost 
and Maughan (2018), observed similar results. With temperature decrease under the shade proportional 
to shade intensity (Kittas et al., 2012), this may be necessary to alleviate the heat stress of plants for 
regions with high solar radiation and temperatures. Kittas et al. (2012) reported that shading (up to 
51%) significantly increased the number of fruit and total marketable yield production of tomato. 
Moreover, the use of 40% shading seems to be an efficient alternative to improve sweet pepper yield 
and reduce the thermal stress as mentioned by López-Marín et al., (2012). In addition, treated pepper 
plants using 50% shad for 40 days gave a significantly increment in fruit fresh weight, length, diameter 
and fruit wall thickness (Table 2). This positive effect of 50% shad attributed that shading alleviate heat 
stress through the beginning pepper seedlings growth (Kittas et al., 2012). This was revealed by higher 
plant vegetative growth (Ilahy, et al, 2013), which possessed higher leaf area with high leaf chlorophyll 
content induce more photosynthetic rates. This in turn may reflect high contain of carbohydrates which 
gave simulative effect for more cell division and enlargement inducing more vegetative vigorous plants, 



Middle East J. Agric. Res., 10(1): 262-281, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.1.16 

268 

this reflect producing more total yield than those of plants shaded with 25% (Robinson et al., 1993 and 
El-Zeiny, 2002).  
 
Table 2: Effect of two shading levels and three calcium concentrations and two ascorbic acid 

concentrations as a foliar application on some yield characteristics of two sweet pepper hybrids 
as a combined analysis across two seasons 2016 and 2017.   

Varieties 

Yield 
(kg/plant) 

No. of 
fruit 

/plant 

M. 
(kg/ 

plant) 

Un 
M. 
(%) 

No. of total deformed fruits/plant 

Early Total 
Total No. of 
fruit Un M. 

BER 
fruits 

Cracked 
fruits 

Sun 
scald 

Helsiniki 1.827 6.33 41.97 5.62 9.81 5.76 2.5 1.25 2.01 
Massilia 1.802 6.46 42.43 5.62 8.82 4.96 2.88 1.00 1.09 
LSD 0.05 NS NS NS NS NS NS NS NS NS 

Shading levels 
25--25 1.686 5.75 43.77 5.07 11.83 8.17 4.75 1.50 1.92 
50--25 1.943 7.03 40.63 6.17 6.79 2.54 0.63 0.75 1.17 

LSD 0.05 0.24 1.21 1.03 0.21 0.83 0.23 0.02 0.12 0.17 
Ca concentrations (ppm) 

25 1.777 6.21 42.55 5.47 9.98 6.39 3.25 1.25 1.89 
50 1.815 6.39 42.23 5.63 9.15 5.50 2.69 1.25 1.56 
75 1.851 6.58 41.82 5.76 8.80 4.18 2.13 0.88 1.18 

LSD 0.05 0.21 0.29 NS 0.11 0.66 0.64 0.54 0.21 0.26 
ASA concentrations (ppm) 

0 1.781 6.25 42.5 5.47 10.06 5.6 2.71 1.25 1.69 
300 1.848 6.54 41.9 5.77 8.56 5.12 2.67 1.00 1.42 

LSD 0.05 NS NS NS 0.21 0.83 0.23 0.02 0.12 0.17 
M.: marketable fruit (kg/plant) , Un.M unmarketable fruit (%),  BER: blossom end rot fruits,     ASA: ascorbic acid 

 
Data also emphasized that pepper plants grown in greenhouse treated with 50% shad led to 

significant reduction in number of sunscald fruits compare to those plants grown in greenhouse which 
treated with 25 % shad. Cracks in the fruit skin were the most frequent defect, and it was responsive to 
shading. Similar results obtained by Gent (2007). However, 50% shade influences another aspect of 
plant water potential that could affect the development of cracks in the skin of fruit. Shade decreases 
the transpiration and the response of leaf transpiration to ambient sunlight spectrum (Medrano et al., 
2004). On the other side, plant leaf area tends to increase under low-light conditions, and shading may 
result in better coverage of the fruit by leaves (Gent, 2007). Consequently, shaded plants at level 50 % 
in the beginning growth increase leaf number and leaf area as mentioned before in Table (1) resulting 
reduction in cracked and sun scaled fruits. Moreover, the reductions in temperature air and root zoon 
temperature (RZT) associated with low light condition (50 % shad) allowed for amelioration of heat 
stress that might cause increase mineral nutrient uptake such as calcium (Table 2) that protect cell 
membranes from heat injury, possibly by binding directly to the cell membrane to reduce its fluidity 
under high temperatures (Cooke et al., 1986) causing a reduction in fruit number infected by blossom 
end rot. 
 
3.5. The effects of calcium foliar application on yield and its component and quality 

Increase in early and total yield beside raise in the number of marketable fruit (kg/plant) with 
reducing the number and percentage of un-marketable yield (kg/plant) of pepper plants observed in this 
experiment regarding to the foliar spraying with high calcium level (75 ppm) as presented in Table (2) 
in two growing seasons. 

A similar direction was found on sweet pepper plants as reported by Michałojć and Dzida. (2012). 
These results may be due to the role of photosynthesis, enzyme activation, leaf area (cm2) cell turgor 
maintenance and ion homeostasis (Marshner, 2012). The obtained data also showed that plants sprayed 
with a high level of calcium (75ppm) produced heavy fruit fresh weight, and thickness fruit wall as 
compared to other plants sprayed with 25 or 50 ppm calcium. Many researchers suggested that calcium 
plays a vital role in the structure of cell walls and cell membranes, fruit growth, and development, as 
well as general fruit quality (Kadir, 2004).  
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Spraying pepper plants with high calcium level (75 ppm) produced significantly few numbers of 
fruits deformed by cracking, sunscald and blossom end rot (BER) disorders as compare to other levels 
under investigation. Same results noticed by (Kazemi, 2014 and Buczkowska et al, 2016), who obvious 
that calcium foliar nutrition significantly lowered the BER occurrence in tomato. At the same time, 
calcium had a positive effect on the biological value of yield. Furthermore, calcium plays an important 
role in plant cell physiology, including the extension and stability of cell wall and plasmalemma 
(Hawkesford et al., 2012). In tomato, fruit quality is affected by Ca-related disorders that give rise to 
blossom end rot and fruit cracking, which are the two major causes of non-marketability (Liebisch et 
al., 2009). Fruit quality in sweet pepper is linked with high water potential in developing fruits, which 
is enhanced when Ca-chelating agents are added (Piñero et al., 2018). 

 
3.6. The effects of ascorbic acid foliar application on yield and its component and quality 

The effect of ascorbic acid data in Tables (2 and 3) showed that there are no significant 
differences detected in early, total yield and number of fruit/plant in either treated with foliar spraying 
of ascorbic acid or non-sprayed. On the other side, the plants that sprayed with ascorbic acid led to an 
increase in total marketable yield (kg/plant) and at the same time causing reduction in number and 
percentage of unmarketable fruits. Same results obtained by Shabana et al. (2015). This superior effect 
of vitamin C could be related to its role as a product of D-glucose metabolism, which affects some 
nutritional cycle activity in higher plants and plays a main role in the electron transport system El-
Kobisy et al. (2005). However, Antioxidants intercept the free radicals and protect the cells from the 
oxidative damage that lead to aging and disease (Karadeniz et al., 2005). Moreover, Active oxygen 
scavengers (antioxidants) could be beneficial in the protection of the structure and function of the 
photosystems against excess light (Rajagopal et al., 2005). Also, data in Tables (2 and 3) showed that 
augment results were significantly recorded in fruit fresh weight, length, diameters and fruit wall 
thickness regarding the ascorbic acid application. The reasons for these results may be due to increasing 
growth as a result of foliar spray for ascorbic acid and its role in the division and cell elongation (Al-
Khafaji and Alwan 2014) which lead to increase leaves area and leaves chlorophyll content, thus 
increasing photosynthesis which led to an increase in the fruit qualities and yield (Abd El-Mageed, 
2016). 

 
3.7. Shading effects on chemical composition 

Leaf concentrations of N, P, K, and Ca, increased with increase shading levels for the majority 
of nutrients as presented in Table (3). The increased foliar nutrient concentrations observed in our study 
in response to shading agreed with reports on tomato showing that shading increases foliar 
concentration of N, P, and K (Liu et al., 2003). Shading causes increased mineral nutrient content in 
shaded leaves whereas modifying temperature conditions. Reductions in temperature air and root zoon 
temperature (RZT) associated with shading allowed for amelioration of heat stress and that might have 
resulted in increased mineral nutrient uptake. Also, heat stress amelioration by shading could enhance 
pepper plant growth indirectly by modifying the crop thermal environment to be more favorable for 
mineral nutrient uptake (Díaz-Pérez 2013). Low shade conditions invariably caused significant 
reductions in leaf mineral nutrients i.e., N, P, and K and Ca (Table 7). This was consistent with the 
report by El-Gizawy et al. (1992). 

 
3.8. The effects of calcium foliar applications on chemical composition 

Data in Table (3) illustrate that the low concentration of calcium foliar application significantly 
recorded the best results of nitrogen content in pepper leaves than the higher concentrations in both 
growing seasons. The same trend was obtained with phosphorus content.  The obtained data might cause 
the effect on nutrient balance; low calcium concentration encourages phosphorus uptake in contrast 
with high concentrations. On the other hand, high concentrations of calcium treatments were sufficient 
to significantly increased potassium and calcium content in pepper leaves. These results induced 
increased plant leaf area as affected by foliar treatment, which correlated with potassium content. 
Regarding the effects of foliar nutrition concentrations could be due to the role of calcium in stimulation 
of roots mineral nutrients absorption (Adamec, 2002).  
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Table 3: Effect of two shading levels and three calcium concentrations and two ascorbic acid 
concentrations as a foliar application on some fruit characteristics and chemical composition of 
two sweet pepper hybrids as a combined analysis across two seasons 2016 and 2017.   

 Fruit measurements 
Element cons. in vegetative 

parts % 
Fruits 

Varieties 
Weight 

(gm) 
L. 

(cm) 
D 

(cm) 

Wall 
thickn-

ess. 
(mm) 

N P K Ca 
ASA (mg/ 

100 g 
f.w.) 

(TSS) 
% 

Helsiniki 168.74 9.82 7.6 5.11 5.47 0.31 5.19 4.04 238.32 10.41 
Massilia 167.91 9.71 7.54 5.17 5.81 0.33 5.15 4.32 241.94 9.86 
LSD 0.05 NS NS NS NS NS NS NS NS NS 0.11 

Shading levels 
25--25 151.92 8.48 6.92 4.30 6.14 0.29 4.76 3.58 258.08 9.8 
50--25 184.72 11.1 8.22 5.98 5.14 0.35 5.59 4.77 222.19 10.1 
LSD 0.05 3.89 0.34 0.23 0.08 0.43 0.012 0.47 0.39 12.76 0.11 

Ca concentrations (ppm) 
25 164.43 9.55 7.39 5.00 5.88 0.32 5.05 3.57 242.28 9.80 
50 168.57 9.77 7.58 5.12 5.65 0.32 5.18 4.2 238.31 10.11 
75 172.08 9.97 7.75 5.28 5.39 0.31 5.28 4.76 239.81 10.51 
LSD 0.05 4.02 NS NS 0.06 0.19 NS 0.21 0.15 NS 0.11 

ASA concentrations (ppm) 
0 164.67 9.56 7.40 5.03 5.64 0.32 5.06 4.06 220.35 10.00 
300  171.98 9.97 7.74 5.24 5.64 0.32 5.28 4.3 259.92 10.27 
LSD 0.05 3.89 0.34 0.23 0.08 NS NS NS NS 12.76 0.11 

L: fruit length                                 D: fruit diameter  

 
Regarding the effect of calcium treatments on T.S.S and ascorbic acid content in fruits data 

recorded in Table (3) deduce that increasing the levels of calcium application from 25 to 75 ppm led to 
TSS percentage increase content in fruits. However, there are no significant differences between 
different concentrations of calcium under investigation. Nevertheless, the vegetative growth 
improvement in fruit set, yield and some physiological changes of hot pepper plant as a result of calcium 
applications according to the physiological roles of calcium (Ca+2) which is an essential plant 
macronutrient. Similar results were observed on tomato by Abd-El-Hamied and Abd El-Hady (2018). 
Moreover, calcium is a divalent cation that is extremely important in maintaining the strength of stems 
and stalks of plants. This mineral Ca also regulates the absorption of other nutrients across plasma cell 
membranes. Calcium functions in plant cell elongation and division, structure and permeability of cell 
membranes, nitrogen metabolism, and carbohydrate translocation; thus, it is a significant factor in 
inflorescence and flower formation and fruit quality (Hepler and Winship 2010). 

 
3.9. The effects of ascorbic acid foliar application on chemical composition 

The present experiment cleared that (Table 3) fruit harvesting from plants, which sprayed with 
ascorbic acid, contained a significantly high amount of ascorbic acid and TSS percentage as compared 
to fruits from non-treated plants. The positive roles of antioxidants in maintaining the stability of cell 
membranes and walls may lead to increased fruit quality (El-Badawy 2013 and Shazly et al. 2013). 
Kamiya et al. (1984) stated that the physiological effect of ascorbic acid included: stimulation of lipase, 
catalase and peroxides isoenzymes activities in addition, its effect on the metabolism of gibberellic acid.  

 
3.10. The binary interactions effects 
3.10.1. The effects of interaction between cultivars and shading levels 

Data presented in table (4) showed that cultivated plants either Helsiniki or Massilia cv under 50 
% shading condition for 40 days was significant sufficient to produce strong plants characterized by 
tallest plant, heaviest fresh weight, many numbers and highest leaf area beside raising in their content 
from chlorophyll and increasing weight of their dry matter as compared to the same two varieties grown 
under 25 % shading. These data demonstrated that shading alleviates heat stress at beginning seedlings 
growth, (Zhang, 2006). This was revealed by higher plant vegetative growth (Ilahy, et al, 2013).  
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Table 4: Effects of all binary interactions between two sweet pepper hybrids, shading levels, three 
calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
vegetative growth characteristics and total chlorophyll as a combined analysis across two 
seasons 2016 and 2017.   

Varieties × 
 Shading 

Plant 
height 

Total 
fresh 

weight 

Leaf 
area 

N. of 
leaves 

Total 
chl. 

SPAD 

Dry mater (gm) % of 
dry 

weight 
Leave Stem total 

H. × 25% 118.6 815.56 126.9 174.62 53.73 28.46 34.4 62.8 12.99 
H. × 50% 136.6 934.64 143.3 236.53 62.83 33.44 40.3 73.7 12.68 
M. × 25% 115.8 806.06 123.2 184.00 55.94 28.19 34.0 62.2 12.96 
M. × 50% 137.6 930.43 139.5 303.67 63.44 33.28 40.1 73.4 12.68 
LSD 0.05 8.40 18.42 12.0 22.42 4.21 2.1 3.1 2.48 NS 

Varity × Ca concentrations (ppm) 
H. × 25 124.6 855.38 133.0 204.6 56.34 30.11 36.3 66.4 12.89 
H. × 50 128.9 880.27 135.4 208.18 58.44 31.08 37.5 68.6 12.85 
H. × 75 129.3 899.65 136.9 203.95 60.07 31.67 38.2 69.9 12.75 
M. × 25 125.0 853.56 129.3 225.38 58.07 30.16 36.4 66.5 12.84 
M. × 50  125.5 865.35 130.8 240.5 60.47 30.68 37.0 67.7 12.8 
M. ×7 5 133.9 909.81 136.9 288.38 62.1 32.37 39.0 71.4 12.75 
LSD 0.05 NS NS NS NS NS NS NS NS NS 

Varity × ASA concentrations (ppm) 
H. × 0 125.2 860.45 133.2 207.97 57.31 30.25 36.5 66.7 12.91 
H. × 300 130.0 889.75 137.0 203.18 59.26 31.65 38.2 69.8 12.76 
M. × 0 124.0 852.24 129.4 240.00 58.65 30.13 36.3 66.5 12.84 
M. × 300 129.3 884.25 133.4 247.67 60.73 31.34 37.8 69.1 12.8 
LSD 0.05 NS 18.42 NS NS NS NS NS 2.48 NS 

Shading levels × Ca concentrations (ppm) 
25% ×25  112.0 767.83 121.0 167.70 51.56 26.52 33.0 59.5 12.91 
25% × 50  115.0 797.16 124.3 179.60 56.35 27.68 34.4 62.1 12.84 
25% × 75  117.0 804.32 123.5 190.63 56.06 27.94 34.8 62.7 12.83 
50% × 25  126.5 896.48 139.0 262.28 60.09 31.72 39.4 71.1 12.6 
50% × 75  127.0 903.64 138.8 269.08 61.88 31.99 39.8 71.8 12.6 
50% × 75  130.3 925.8 143.3 278.95 64.5 32.94 40.9 73.9 12.53 
LSD 0.05 14.2 24.71 17.6 31.52 6.11 3.30 4.6 4.54 NS 

Shading levels × ASA concentrations (ppm) 
25% × 0  113.3 777.91 121.7 176.08 53.14 26.84 33.4 60.2 12.92 
25% × 300 116.0 801.63 124.2 182.53 56.17 27.92 34.7 62.7 12.8 
50% ×0  124.8 890.03 139.0 271.88 61.37 31.5 39.2 70.7 12.6 
50% × 300 131.0 927.25 141.7 268.32 62.27 32.93 40.9 73.9 12.56 
LSD 0.05 8.40 18.42 12.0 NS 4.21 2.10 3.1 2.48 NS 

Ca concentrations (ppm) ×ASA concentrations (ppm) 
25 × 0 117.5 819.41 129.0 213.25 55.02 28.56 35.6 64.1 12.81 
25 × 300 121.0 844.91 131.0 216.73 56.62 29.68 36.9 66.6 12.7 
50 × 0  118.5 836.38 129.8 222.33 58.89 29.28 36.4 65.7 12.74 
50 × 500 123.5 864.42 133.3 226.35 59.34 30.38 37.8 68.2 12.69 
75 × 0  121.3 846.13 132.3 236.38 57.86 29.67 36.9 66.6 12.73 
75 × 300 126.0 883.99 134.5 233.20 61.70 31.22 38.8 70.0 12.64 
LSD 0.05 NS 24.71 NS NS 6.11 NS NS 4.54 NS 

 
3.11. The effects of interaction between cultivars and Ca levels and between cultivars and 
Ascorbic acid concentrations 

Regarding the effect of calcium on pepper varieties, data (Table 4) cleared that there were no 
significant differences recorded between the two tested varieties in their growth. The same trend also 
was observed in the growth of plants when sprayed with ascorbic acid except for the enhanced results 
of total fresh weight and dry matter. These positive effects of ascorbic acid effect on many physiological 
processes, such as respiration activities stimulation, cell division and many enzyme activities, as 
reported by Zewail (2007).  
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3.12. The effects of binary interaction between shading and Ca levels, between shading and 
Ascorbic acid and between Ca and Ascorbic acid on vegetative growth. 

The interaction between shad and calcium levels showed that grown under 50% shad, and sprayed 
with different levels of calcium encourage their growth except dry weight which did not differ 
statistically from those plants grown under 25 % shad as shown in Table (4). The same trend was 
observed with the plants sprayed with 300 ppm ascorbic acid under 50% shad which recorded the 
highest results of their growth. There were no statistical differences from either plant grown under 25 
or 50 % treated or untreated with ascorbic acid in number of leaves and percentage of dry weight (Table 
4). Similar results were reported by Khazaei and Estaji (2020). On the other side, there were no 
differences in plant height, leaf area, number and weight of leaves, stem and percentage of dry weight 
when the plants sprayed with different levels of calcium and ascorbic acid together as presented in Table 
(4).  

While the plants that treated with a high level of calcium and ascorbic acid exhibited, an 
enhancement results in total fresh weight, total chlorophyll and total dry weight. These results cause the 
positive effects of ascorbic acid as an antioxidant in photosynthesis as recorded by Bybordi (2012). In 
addition to the positive effects of calcium in the biological and physiological processes in plants, as 
explained by Reddy and Reddy (2001 and 2004). 
 
3.13. The effects of binary interaction between cultivars and shading levels, shading and Ca, 
shading and Ascorbic acid and between Ca levels with Ascorbic acid concentrations on yield. 

Data showed in Table (5) that, shade levels affected the yield and its quality. 50% shad in the 
beginning of growth significantly led to an increase in both early and total yield. on the other hand, at 
the same time reducing the number and percentage of unmarketable yield (kg/plant) causing beneficial 
effect by decrease the incidence of blossom end rot (with Massilia cv), cracked and sunscald fruits (with 
Massilia cv) which recorded the lowest value.  

Data also illustrated in the same table (5) that no significant differences in the early and total 
yield, number of fruits per plant, weight of marketable fruits (kg/plant) and percentage of unmarketable 
fruits observed regarding the interaction of varieties and the calcium levels. On the other side, Massilia 
cv sprayed with calcium at 75 ppm recorded the lowest number of un-marketable yield and fruits 
deformed with blossom end rot, cracked and sun-scaled diseases. 

Concerning the interaction between pepper varieties and ascorbic acid applications, data cleared 
that no significant differences in both varieties either sprayed or unsprayed with ascorbic acid as shown 
in Table (5) on the early and total yield, number of fruits per plant, weight of marketable fruit (kg/plant), 
total number of unmarketable and fruits that deformed with blossom end rot. Meanwhile Massilia cv. 
when sprayed with ascorbic acid gave the lowest percentage of unmarketable fruits and the least number 
of fruits infected by crack and sunscald disease. 

Concerning the interactions between shad and calcium treatments, it is clear in Table (5) that 
sprayed plants with calcium at different levels under 50 % shad condition significantly increased the 
value of both early and total yield with enhancement the weight of marketable yield. On the other side, 
the percentage of unmarketable yield and number of fruits with crack and sunscald disorders decrease 
compared with the same parameters of others plants adapted under 25% shade condition. 

The interactions (shad x ASA) had significant effects on early and total yield, number of fruits 
per plant and average fruit weight during the two growing seasons (Table 5). The uppermost values 
resulted from the combination treatment of foliar spraying with ascorbic acid under 50 % shad 
condition. On the contrary, the combination treatment of foliar spraying with ascorbic acid under 25 % 
gave the highest value for percentage of unmarketable yield, number of unmarketable fruits and 
deformed with blossom end rot, crack and sunscald disorders. 

These results due to the beneficial effects of using shading in the first period of plant age and its 
reflection on growth and the yield quantity and quality (Masabni et al., 2016 ), as well as the positive 
action of spraying ascorbic acid on reducing the bad effect of abiotic stress conditions as high-
temperature stress on fruits exposed to the harmful spectrum of sunlight (El-Hifny and El-Sayed 2011 
), in addition to the positive role of calcium in reducing the appearance of the physiological disorders 
explained by Alexander and Clough (1998). 
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3.14. Triple interaction effects  
The effects of triple interactions (variety × shading × Ca levels) and (variety × shading × ASA 

concentrations) between two sweet pepper hybrids, on some vegetative growth characteristics, total 
chlorophyll, yield characteristics, some fruit characteristics and chemical composition of sweet pepper 
as a combined analysis across two seasons 2016 and 2017 showed insignificant difference therefore, 
(data not presented). 
 
Table 5: Effects of all binary interactions between two sweet pepper hybrids, shading levels, three 

calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
yield characteristics of sweet pepper as a combined analysis across two seasons 2016 and 2017.   

Varieties × 
Shading 

Yield kg/plant) 
N. of 

fruit/plant 

M. 
(kg/ 

plant) 
 

Un M. 
(%) 

 

Yield (number of fruit /plant) 

Early 
Total 
(kg) 

Total 
No. of 
Un M. 

BER 
fruits 

Cracked 
fruits 

Sun 
scald 

H. × 25% 1.697 5.78 43.93 5.08 12.18 8.64 4.50 1.67 2.48 
H. × 50% 1.957 6.87 40.01 6.16 7.43 2.87 0.50 0.83 1.54 
M. × 25% 1.675 5.71 43.61 5.06 11.47 7.71 5;00 1.33 1.37 
M. × 50% 1.930 7.20 41.24 6.18 6.16 2.21 0.75 0.67 0.8 
LSD 0.05 0.22 0.31 1.00 0.25 2.14 1.56 1.23 0.37 0.41 

Varity × Ca concentrations (ppm) 
H. × 25 1.780 6.12 42.24 5.44 10.53 6.84 3.13 1.25 2.46 
H. × 50 1.831 6.37 42.24 5.65 9.64 5.76 2.50 1.50 1.76 
M. × 75 1.869 6.59 41.43 5.77 9.25 4.67 1.88 1.00 1.80 
M. × 25 1.775 6.39 42.85 5.50 9.43 5.95 3.38 1.25 1.32 
M. × 50  1.800 6.41 42.21 5.61 8.67 5.24 2.88 1.00 1.37 
M. ×7 5 1.884 6.95 41.62 5.98 7.18 2.88 1.38 0.75 0.75 
LSD 0.05 NS NS NS NS NS 2.21 1.36 0.44 0.49 

Varity × ASA concentrations (ppm) 
H. × 0 1.791 6.18 42.37 5.46 10.75 5.99 2.58 1.42 1.99 
H. × 300 1.863 6.47 41.58 5.78 8.87 5.52 2.42 1.08 2.02 
M. × 0 1.772 6.31 42.64 5.49 9.38 5.20 2.83 1.08 1.29 
M. × 300 1.833 6.61 42.22 5.75 8.25 4.72 2.92 0.92 0.88 
LSD 0.05 NS NS NS NS 2.14 NS NS 0.37 0.41 

Shading levels × Ca concentrations (ppm) 
25% × 25 1.617 5.17 42.84 4.46 13.61 10.21 5.50 1.75 2.96 
25% × 50 1.678 5.36 41.88 4.71 12.14 9.61 4.75 2.00 2.86 
25% × 75  1.691 5.41 40.15 4.77 11.75 6.03 4.00 1.00 1.03 
50% × 25  1.886 6.40 38.26 5.57 7.51 3.13 1.25 0.50 1.38 
50% × 75  1.901 6.62 39.13 5.63 7.26 2.23 0.75 0.50 0.98 
50% × 75  1.962 6.97 39.72 5.81 6.91 1.83 0.25 0.50 1.08 
LSD 0.05 0.33 0.59 1.27 0.38 2.56 2.21 1.36 0.44 0.49 

Shading levels × ASA concentrations (ppm) 
25% × 0  1.637 5.23 42.34 4.51 13.77 9.15 4.83 1.83 2.49 
25% × 300  1.686 5.39 40.91 4.78 11.23 8.08 4.67 1.33 2.08 
50% ×0  1.873 6.42 38.67 5.53 7.53 2.33 0.83 0.33 1.16 
50% × 300 1.959 6.91 39.41 5.81 6.92 2.47 0.67 0.67 1.13 
LSD 0.05 0.22 0.31 1.00 0.25 2.14 1.56 1.23 0.37 0.41 

Ca concentrations (ppm) ×ASA concentrations (ppm) 
25 × 0 1.725 5.64 40.89 4.89 11.69 7.03 3.50 1.25 2.28 
25 × 300 1.777 5.93 40.21 5.15 9.43 6.31 3.25 1.00 2.06 
50 × 0  1.760 5.90 40.88 5.05 10.31 6.04 3.00 1.00 2.04 
50 × 500 1.818 6.09 40.13 5.29 9.09 5.79 2.50 1.50 1.79 
75 × 0  1.781 5.94 39.54 5.13 9.95 4.15 2;00 1.00 1.15 
75 × 300 1.873 6.43 40.14 5.45 8.71 3.72 2.25 0.50 0.97 
LSD 0.05 NS 0.59 1.27 0.38 2.56 2.21 1.36 0.44 0.49 
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Table 6: Effects of all binary interactions between two sweet pepper hybrids, shading levels, three 
calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
fruit characteristics and chemical composition of sweet pepper as a combined analysis across 
two seasons 2016 and 2017.   

 Fruit 
Elements cons. vegetative 

parts % 
Fruits 

Varieties × 
Shading 

Weight(gm) 
L. 

(cm) 
D. 

(cm) 

Wall 
thic. 
(mm) 

N P K Ca 
ASA 

(mg/ 100 
g f.w.) 

(TSS) 
% 

H. × 25% 153.13 8.58 6.96 4.32 6.09 0.27 4.78 3.47 263.68 9.58 
H. × 50% 184.35 11.05 8.25 5.90 4.86 0.34 5.60 4.60 212.97 11.25 
M. × 25% 150.72 8.37 6.88 4.28 6.19 0.31 4.73 3.69 252.48 8.68 
M. × 50% 185.11 11.05 8.20 6.05 5.43 0.35 5.57 4.94 231.41 11.04 
LSD 0.05 18.32 1.09 0.89 1.01 0.67 0.03 NS 0.89 22.32 1.17 

Varity × Ca concentrations (ppm) 
H. × 25 164.11 9.56 7.38 4.94 5.83 0.31 5.05 3.27 236.42 9.98 
H. × 50 169.38 9.86 7.64 5.09 5.52 0.31 5.21 4.20 237.47 10.35 
M. × 75 172.72 10.04 7.79 5.29 5.06 0.30 5.31 4.64 241.08 10.92 
M. × 25 164.74 9.53 7.40 5.07 5.93 0.33 5.06 3.87 248.15 9.63 
M. × 50  167.56 9.69 7.53 5.15 5.78 0.33 5.14 4.20 239.14 9.86 
M. ×7 5 178.54 10.49 7.97 5.67 5.55 0.33 5.43 4.97 232.4 10.49 
LSD 0.05 NS NS NS NS NS NS NS 1.17 NS NS 

Varity × ASA concentrations (ppm) 
H. × 0 164.82 9.60 7.42 5.00 5.47 0.31 5.07 3.89 215.95 10.34 
H. × 300 172.65 10.04 7.78 5.22 5.47 0.31 5.31 4.18 260.69 10.49 
M. × 0 164.51 9.52 7.39 5.06 5.81 0.33 5.05 4.22 224.74 9.67 
M. × 300 171.31 9.90 7.70 5.27 5.81 0.33 5.26 4.42 259.14 10.05 
LSD 0.05 NS NS NS NS NS NS NS NS 22.32 NS 

Shading levels (ppm) × Ca concentrations (ppm) 
25% ×25  144.35 7.91 6.64 4.24 6.19 0.31 4.71 2.85 254.85 8.89 
25% × 50 150.71 8.26 6.95 4.42 5.89 0.30 4.91 3.34 241.25 9.02 
25% × 75  152.18 8.33 7.02 4.47 5.44 0.30 4.96 4.08 240.79 9.58 
50% × 25  179.86 10.74 8.03 5.79 5.02 0.38 5.63 3.99 207.09 11.01 
50% × 75  181.53 10.83 8.10 5.84 4.84 0.37 5.68 4.68 211.82 11.24 
50% × 75  187.40 11.15 8.36 6.22 4.80 0.34 5.85 5.03 214.63 11.45 
LSD 0.05 22.67 1.89 1.69 1.56 0.89 0.05 NS 1.17 29.73 1.33 

Shading levels × ASA concentrations (ppm) 
25% × 0 146.08 8.00 6.72 4.29 5.82 0.30 4.76 3.33 228.71 9.04 
25% × 300 152.09 8.33 7.01 4.46 5.85 0.31 4.96 3.51 262.55 9.29 
50% ×0  178.52 10.66 7.97 5.83 4.90 0.36 5.59 4.43 190.24 11.11 
50% × 300 187.34 11.15 8.35 6.07 4.88 0.36 5.84 4.70 232.12 11.35 
LSD 0.05 18.32 1.09 0.89 1.101 0.67 0.03 NS 0.89 22.32 1.17 

Ca concentrations (ppm) ×ASA concentrations (ppm) 
25 × 0 158.91 9.15 7.19 4.92 5.49 0.34 5.07 3.29 211.97 9.68 
25 × 300 165.30 9.49 7.48 5.11 5.72 0.35 5.27 3.55 249.97 10.22 
50 × 0  162.87 9.36 7.38 5.04 5.41 0.34 5.19 3.91 210.36 10.22 
50 × 500 169.37 9.72 7.67 5.23 5.33 0.33 5.4 4.11 242.71 10.04 
75 × 0  165.11 9.49 7.48 5.23 5.18 0.32 5.26 4.45 206.11 10.33 
75 × 300 174.47 10.1 7.90 5.46 5.05 0.32 5.55 4.66 249.32 10.70 
LSD 0.05 NS NS NS NS NS NS NS 1.17 29.73 NS 

 
Data in Table 7. Showed that the triple interaction (shading× Ca levels × ASA concentrations) 

had a significant increment effects on vegetative growth characteristics and total chlorophyll except the 
percentage of dry weight.  

As for the effects of the same triple interaction on the yield and the quality traits, a significant 
effect was shown on all traits under study, which include the characteristics of the yield and its 
components, both the total and early yield, and the number of fruits per plant, which led to a decrease 
in the unmarketable fruits, and increasing in the marketable fruits and a significantly decrease in the 
deformed fruits as shown in table (8). 
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Table 7: Effect of all triple interactions between two sweet pepper hybrids, shading levels, three 
calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
vegetative growth characteristics and total chlorophyll as a combined analysis across two 
seasons 2016 and 2017.   

Triple 
interactions 

Plant 
height 
(cm) 

Total 
fresh 

weight 
(gm) 

Leaf 
area 
(cm2) 

No. of 
leaves 

Total 
chl. 

SPAD 

Dry matter (gm) % of 
dry 

weight Leave Stem Total 

Shading levels × Ca concentrations (ppm) × ASA concentrations (ppm) 

25 % × 25 × 0 110 752.04 120.5 165.4 50.11 25.78 32.07 57.85 13.00 

25 % × 25 × 300 114 783.63 121.5 170.0 53.00 27.26 33.91 61.17 12.81 

25 % × 50 × 0 113.5 784.84 122.5 180.0 54.68 27.15 33.77 60.92 12.88 

25 % × 50 × 300 116.5 809.47 126.0 179.2 58.02 28.2 35.08 63.28 12.79 

25 % × 75 × 0 116.5 796.85 122.0 182.85 54.64 27.58 34.31 61.89 12.88 

25 % × 75 × 300 117.5 811.79 125.0 198.4 57.49 28.3 35.21 63.51 12.78 

50 % × 25 × 0 125.0 886.78 137.5 261.1 59.93 31.34 38.96 70.30 12.61 

50 % × 25 × 300 128.0 906.18 140.5 263.45 60.25 32.09 39.88 71.97 12.59 

50 % × 50 × 0 123.5 887.92 137.0 264.7 63.11 31.41 39.04 70.45 12.60 

50 % × 50 × 300 130.5 919.37 140.5 273.5 60.66 32.56 40.48 73.04 12.59 

50 % × 75 × 0 126 895.40 142.5 289.9 61.09 31.75 39.45 71.20 12.58 

50 % × 75 × 300 134.5 956.19 144.0 268.0 65.91 34.13 42.41 76.54 12.49 

LSD 0.05 16.78 33.76 16.85 27.65 13.52 6.76 7.56 13.76 NS 

 
Table 8: Effects of all triple interactions between two sweet pepper hybrids, shading levels, three 

calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
yield characteristics of sweet pepper as a combined analysis across two seasons 2016 and 2017.   

Triple 
interactions 

Yield 

No. of 
fruit/plant 

M. 
(kg/ 

plant) 

Un M. 
(%) 

 

Yield (number/plant) 

Early Total Total 
N. of 
fruit 
Un 
M. 

BER 
fruits 

Cracked 
fruits 

Sun 
scald 

kg/plant 

Shading levels × Ca concentrations (ppm)× ASA concentrations(ppm) 

25 % × 25 × 0 1.585 5.07 44.10 4.27 15.67 10.8 5.5 2.0 3.30 

25 % × 25 × 300 1.649 5.27 41.58 4.66 11.56 9.61 5.5 1.5 2.61 

25 % × 50 × 0 1.652 5.28 42.36 4.59 13.05 10.1 5.0 2.0 3.10 

25 % × 50 × 300 1.703 5.45 41.41 4.83 11.23 9.12 4.5 2.0 2.62 

25 % × 75 × 0 1.675 5.36 40.57 4.68 12.60 6.56 4.0 1.5 1.06 

25 % × 75 × 300 1.707 5.46 39.74 4.86 10.90 5.50 4.0 0.5 1.00 

50 % × 25 × 0 1.865 6.22 37.69 5.50 7.72 3.26 1.5 0.5 1.26 

50 % × 25 × 300 1.906 6.59 38.84 5.65 7.30 3.00 1.0 0.5 1.50 

50 % × 50 × 0 1.867 6.52 39.41 5.52 7.57 1.99 1.0 0.0 0.99 

50 % × 50 × 300 1.933 6.73 38.85 5.75 6.96 2.47 0.5 1.0 0.97 

50 % × 75 × 0 1.886 6.53 38.91 5.59 7.31 1.73 0.0 0.5 1.23 

50 % × 75 × 300 2.038 7.41 40.54 6.04 6.52 1.93 0.5 0.5 0.93 

LSD 0.05 0.79 1.11 3.34 1.53 3.89 4.56 1.34 0.85 0.84 

M: marketable yield (kg)              Un. M: unmarketable yield (%) 
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Table 9: Effects of all triple interactions between two sweet pepper hybrids, shading levels, three 
calcium concentrations and two ascorbic acid concentrations as a foliar application on some 
fruit characteristics and chemical composition of sweet pepper as a combined analysis across 
two seasons 2016 and 2017.   

Triple 
interactions 

Fruit 
Elements cons.in vegetative 

parts % 
Fruits 

Weight 
(gm) 

L.  
(cm) 

D.  
(cm) 

Wall 
thic. 
(mm) 

N P K Ca 
ASA (mg/ 
100 g f.w.) 

(TSS) 
% 

Shading levels × Ca concentrations (ppm) × ASA concentrations (ppm) 

25 % × 25 × 0 140.4 7.69 6.44 4.12 6.08 0.31 4.58 2.74 238.89 8.73 

25 % × 25 × 300 148.5 8.13 6.84 4.36 6.30 0.32 4.84 2.96 270.82 9.06 

25 % × 50 × 0 147.8 8.10 6.81 4.34 5.89 0.31 4.82 3.24 229.15 9.06 

25 % × 50 × 300 153.6 8.42 7.09 4.51 5.88 0.30 5.01 3.44 253.35 8.98 

25 % × 75 × 0 150.2 8.23 6.93 4.41 5.50 0.30 4.90 4.02 218.11 9.33 

25 % × 75 × 300 154.2 8.44 7.12 4.53 5.38 0.30 5.03 4.14 263.48 9.83 

25 % × 25 × 0 177.6 10.61 7.93 5.72 4.90 0.38 5.56 3.85 185.06 10.63 

25 % × 25 × 300 182.1 10.86 8.13 5.86 5.13 0.38 5.69 4.14 229.12 11.38 

25 % × 50 × 0 177.9 10.63 7.95 5.74 4.92 0.37 5.57 4.58 191.56 11.38 

25 % × 50 × 300 185.1 11.03 8.26 5.95 4.77 0.37 5.78 4.78 232.08 11.10 

25 % × 75 × 0 180.1 10.75 8.04 6.05 4.87 0.34 5.63 4.88 194.11 11.33 

25 % × 75 × 300 194.8 11.55 8.68 6.40 4.73 0.34 6.06 5.19 235.16 11.58 

LSD 0.05 34.98 3.25 1.56 1.36 1.29 NS 1.03 1.13 33.39 2.47 

 
This interaction also showed a favorable effect on the characteristics of fruits in terms of weight, 

length and diameter, as well as the thickness of the fruit wall and the chemical content of the vegetative 
parts like, potassium and calcium while it had no significant effect on the phosphorus content in these 
parts. It also showed a good positive effect in fruit content of ascorbic acid and the percentage of total 
soluble solids as shown in table (9). 

These improvement in the growth traits which recorded in (tables 7, 8 and9) is a reflection on the 
use of three factors that encouraged the growth of pepper plants and formed an umbrella of good 
vegetative growth and reduced the negative impact of abiotic stresses and also treated problem of 
calcium absorption. These companied treatments resulted in a positive increase in all of these traits in 
the treated plants compared with the single effect of any of these treatments alone. These results were 
expected and agreed with many of the previous researches. 

 
3.15. Quadrant interaction effects 

Effects of the quadrant interaction between two sweet pepper hybrids, shading levels, three 
calcium concentrations and two ascorbic acid concentrations as a foliar application on the vegetative 
growth characteristics, total chlorophyll, yield characteristics, fruit characteristics and chemical 
composition of sweet pepper as a combined analysis across two seasons 2016 and 2017 showed 
insignificant differences therefore, (data not presented). 

 
4. Conclusions 

To reduce the unmarketable yield of sweet pepper caused by physiological disorders according 
to this study, shading nets (50%) should be placed at the first 40 days of plant age, because it increases 
plant   growing, vegetative growth and build a huge vegetative canopy which reflected on total and 
marketable yield, fruit characters, total number of fruits, fruit weight and fruit quality. 

The advantage of in treating sweet pepper plants with chelated calcium (75ppm) two times 
monthly overcome the calcium deficiency problem in the soil, lack of uptake and exposure to any 
conditions that impede plant uptake. It is preferable to treat pepper plants with a foliar application of 
(300 ppm) ascorbic acid, which increases the plant tolerance to abiotic stress conditions.  

Finally, applying grouped treatments on sweet pepper plants will improve vegetative growth, 
increases the marketing yield and reduces the deformed fruits due to the physiological disorder.  
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