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ABSTRACT 

Two-year field experiments were conducted at the 

Agricultural Research Station, Faculty of Agriculture 

Alexandria University, during the two successive summer 

growing seasons of 2016 and 2017. The main aim was to 

study the influence of foliar application of calcium nitrate 

(CaNO3)2 at (0, 2.5, or 5 gl-1) and salicylic acid (SA) at (0, 

0.25 or 0.5 gl-1) as well as their interactions on growth, 

yield and postharvest storability of Omega F1 hot pepper 

plants grown in clay loam soil. Harvested fruits were used 

for quality measurements at harvest and postharvest 

storability parameters   after cold storage for 3 weeks at 
6±1 ºC and 90±5% RH + 2 days shelf life. Results revealed 

that foliar application of 2.5 gl-1 (CaNO3)2 with 0.25 gl-1 or 

0.5 gl-1 SA improved the vegetative growth characteristics 

(plant height, number of branches, leaves total chlorophyll 

contents and dry matter). Plants treated with 5 gl-1 

(CaNO3)2 with 0.25 gl-1 SA gave the highest significant total 

yield 17.09 and 16.86 ton.fed-1 in 2016 and 2017, 

respectively. Moreover, all (CaNO3)2 and SA treatments 
markedly increased fruit quality at harvest and 

maintained their postharvest quality by decreasing fruit 

weight loss, shriveling and chilling injury as compared to 

the control treatment, in both seasons. 

Keywords: (CaNO3)2, Capsicum annum, Postharvest, 

Antioxidant, Flavonoids, Capsaicinoids 

INTRODUCTION 

Pepper (Capsicum annum L.) is one of the 

valuable Solanaceous fruity vegetables that 

included potato, tomato and eggplant crops. Pepper 

is grown as an annual crop due to its sensitivity to 

frost climates and is actually herbaceous perennial 

when grown under favorable (semi-tropical or 

tropical) conditions (Kelley and Boyhan, 2009, 

Abu-Zahra, 2012, Nkansah et al., 2017).  

Peppers contain phenolics and flavonoids, 

carotenoids, vitamin C, vitamin E and alkaloids, which 

play important roles in human health. In other studies, 

antioxidant activities in peppers were measured by 

radical-scavenging activity, inhibition of lipid 

peroxidation (Menichini et al., 2009) and metal-

chelating activity. Capsaicinoids and carotenoids exhibit 

anticancer and antioxidant activities. Flavonoids have 

been shown to act as antioxidants, and they possess anti-

inflammatory, antiallergic, and antibacterial activities. 

(Hong et al., 2006, Seelinger et al., 2008, Alvarez-

Parrilla et al., 2011, Ashour et al., 2021 and Hassan et 

al., 2021). 

Capsaicinoids are the compounds responsible for the 

pungency of pepper fruits and their products. Peppers 

are the fruits of plants from the genus Capsicum and 

belong to the family Solanaceae. There are several 

domesticated species of chili peppers, among them 

Capsicum annuum, C. frutescens and C. chinense, 

which include many common varieties. These various 

peppers are widely used in many parts of the world for 

their valued and characteristic sensory properties: color, 

pungency and aroma. Pungency, a commercially 

important attribute of peppers, is due to the presence of 

chemicals from the characteristic capsaicinoids group 

(Perucka and Materska, 2001). The two most abundant 

capsaicinoids in peppers are capsaicin (8-methyl-N-

vanillyl-trans-6-nonenamide) and dihydrocapsaicin, 

which are constituting about 90%, with capsaicin 

accounting for ~71% of the total capsaicinoids in most 

of the pungent varieties. Capsaicin content of peppers is 

one of the major parameters that determine its 

commercial quality (Kawabata et al., 2006). Capsaicin 

and other members of the capsaicinoids group produce a 

large number of physiological and pharmacological 

effects on the gastrointestinal tract, the cardiovascular 

and respiratory system as well as the sensory and 

thermoregulation systems (Szolcsanyi, 2004). 

Calcium is an important nutrient that seems to have 

a positive effect on fruit quality such as firmness, 

calcium content, organic acids, pH, soluble solid 

compounds and sugars (Cummings and Reeves, 1971). 

Calcium has become more popular as its additional 

function of a secondary information transmitter was 

discovered. Calcium ion uptake by plants is a large 

extent genetically conditioned. The process of Ca 

absorption, transport, and distribution in a plant is 

influenced by soil, biological, and climatic factors 
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(Shakoor and Bhat, 2014). Low Ca concentration in 

plant tissues is the main cause of various physiological 

disorders. One of the most frequently appearing 

disorders in pepper feeding in covered cultivation as 

well as in open fields, which happens in the period of 

most intense fruit growth, is blossom-end rot (BER), 

which destroys the usefulness of pepper, tomato, and 

eggplant fruits. 

It needs to be mentioned that an increased quantity 

of Ca in the root environment can lead to an increased 

content of nutrients (lycopene, β-carotene) and to 

antioxidant activities in pepper (Flores et al., 2004). The 

application of calcium is vital and it is supported by 

good agricultural practices. Use of calcium improves 

soil physical and chemical properties, which reduced 

salt concentration in the soil that may enhance soil 

permeability (Muya and Macharia, 2003). Calcium 

stimulates early root formation and growth, hastens crop 

maturity, stimulates flowering and seed production, 

gives winter hardiness to fall plantings and seeding, and 

promotes vigorous start (cell division) to plants 

(Sandhya, 2014). 

Salicylic acid (SA) is an endogenous growth 

regulator of phenolic nature, which participates in 

the regulation of physiological processes in plants. 

For example, SA is postulated to play a role as a 

natural inductor of thermogenesis, to induce 

flowering in a range of plants, to control ion uptake 

by roots and stomatal conductivity (Raskin, 1992). 

Exogenous application of SA may influence a 

range of diverse processes in plants, including 

stomatal closure, ion uptake and transport (Gunes 

et al., 2005), membrane permeability (Barkosky 

and Einhellig, 1993), as well as photosynthetic and 

growth rates (Khan et al., 2003). In addition to 

facilitating plant growth, SA plays a role in 

mitigating the deleterious effects of several 

environmental stresses on plants including low 

temperature and chilling (Korkmaz et al., 2007, 

Horvath et al., 2007), high temperature and drought 

(Senaratna et al., 2000), and salinity (Yildirim et 

al., 2008).  

The present study was carried out to investigate the 

effect of foliar application of calcium nitrate and 

salicylic acid on the vegetative growth, nutritional and 

fruit quality characters at harvest and postharvest 

storability of hot pepper grown in clay loam soil under 

surface irrigation in open field, during 2016 and 2017.  

MATERIAL AND METHODS 

The experiments were carried out at the 

Experimental Station Farm of the Faculty of 

Agriculture, Alexandria University, at Abeis, Alex, 

Egypt, during the two summer seasons of 2016 and 

2017. A split-plot system in a randomized complete 

blocks design (RCPD) with three replications, was 

adopted to study the influence of foliar application of 

calcium nitrate (CaNO3)2 at 0, 2.5 and 5 g l-1 and 

salicylic acid (SA) at 0, 0.25 and 0.5 gl-1 as well as their 

interactions on the vegetative growth, yield and quality 

of hot pepper plants (cultivar: Omega F1). The foliar 

applications of calcium nitrate and salicylic acid were 

applied four times at 20, 40, 60 and 80 days after 

transplanting. Each replicate was included 9 treatments, 

which were the combinations of three calcium nitrate 
and three salicylic acid rates. The calcium nitrate were 

randomly arranged in the main plots, salicylic acid rates 

were, randomly, distributed in the sub-plots. Each sub-

plot consisted of 3 lines, the experimental area was 7.2 

m2, each replicate conducted in 27 lines (0.6 m width × 

4 m long).194.4 m2.  

 

Table 1. Soil physical and chemical properties of the 

experimental sites in the two growing seasons of 2016 

and 2017 
                    Seasons 

Properties 
2016 2017 

pH  7.71 8.02 

E.C. (dS.m-1) 3.02 3.01 

Sand % 31.35 32.80 

Silt % 25.60 24.60 

Clay % 43.05 42.60 

Soil texture Clay loam Clay loam 

Soluble cations 

(meql −1) 

  

Ca++ 10.70 11.32 

Mg++ 11.37 11.50 

Na+ 3.31 3.14 

K+ 4.82 4.15 

Soluble anions 

(meql −1) 

  

CO3
-- 3.25 3.77 

HCO3
- 3.35 3.56 

Cl- 5.88 4.80 

SO4
-- 17.72 17.96 

Available P (ppm) 0.268 0.431 

 

Preceding the initiation of each experiment, in both 

seasons, soil samples were collected, from field before 

planting, at 15-30 cm depth, and analyzed at 

Agricultural University analysis, for some soil’s 

physical and chemical properties according to the 

published procedures  (A.O.A.C, 1995, A.O.A.C 

International Arlington, 2019), are presented in Table 1. 

Fertilization with NPK was carried out according to 

the recommendations for commercial production of hot 

pepper plant. The NPK treatment consisted of 
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ammonium nitrate NH4NO3 (33%N) at the level of 90 

kg fed−1, calcium superphosphate (Ca(H2PO4)2. H2O 

(15% P2O5); 200 kg fed−1); and potassium sulphate 

(K2SO4 (48% K2O); 100 kg fed−1). Nitrogen fertilizer 

was applied thrice at 15, 45 and 75 days from 

transplanting. Phosphorus fertilizer was mixed during 

soil preparation. Potassium fertilizer was applied at 15 

and 45 days after transplanting. 

Data Recorded 

Vegetative growth characters  

Random samples from five pepper plants from each 

sub-plot, after three months from transplanting were 

used to measure plant height and branching and leaf's 

total chlorophyll content. 

Leaf's chemical constituents 

Random samples from five pepper plants from each 

sub-plot, after three months from transplanting of 

pepper plants, were randomly collected, then washed 

with distilled water, weighed, then oven dried at 70 °C 

till constant weight. The N, P, K and Ca contents were 

determined in the dried leaves. The dried leaves were 

ground, and then a 0.3 g sample was digested with H2O2 

according to A.O.A.C. (1995). Total nitrogen and 

phosphorus contents were determined colorimetrically 

using spectrophotometer at 662 and 650 nm, according 

to Evenhuis (1976), while potassium and calcium were 

measured using a flam photometer as explained by 

Cottenie et al., (1982). 

Fruit yield, quality and postharvest storability 

Pepper fruits were manually harvested at 

physiological maturity stage (maximum size and green 

in color). The weight of the harvested fruit per each 

replicate was recorded periodically through the 

harvesting season (twice a week) to calculate the total 

productivity and expressed as ton per feddan. A sample 

of 5 kg per replicate was taken (three months from 

transplanting) and directly transported into the 

postharvest laboratory at Faculty of Agriculture, 

Alexandria University, to evaluate the fruit quality 

characteristics (fruit weight, length, diameter, capsaicin, 

Dihydrocapsaicin, Vitamins E and C). Fruits gently 

sorted to get rid of all unsuitable fruits (malformed, 

defected, mechanically injured or diseased). Uniform 

selected fruits per replicate (4 kg per replicate) were 

packed in plastic boxes 40 x 30 x 18 cm, and arranged 

in a randomized complete block design (RCBD) with 

three replicates per treatment. The packed fruits of all 

treatments were cold stored at 6±1 ºC and 90±5% 

relative humidity, for three weeks then held for 2 days 

at room temperature as a shelf life. After that final fruit 

quality were evaluated. 

 

Pepper fruit weight in grams was recorded by using 

a calibrated sensitive digital balance (Vibra CG, Japan). 

While the fruit length and diameter were measured 

using a millimeter digital vernier caliper. As for fruit 

weight loss, thirty fruits per replicate were selected and 

initial weight was recoded and reweighed at the end of 

the experiment. The fruit weight loss percentage was 

calculated as follow: Weight loss (%) = [(W0-W1)/W0] 

×100 (where W0 is the initial weight and W1 is the 

weight measured at sampling date). The shriveled or 

chilling injured fruits were visually separated at the end 

of this experiment and individually weighed to calculate 

the percentages of these defects. 

Capsaicin and ascorbic acid contents 

Capsaicin content in the samples was estimated by 

spectrophotometric measurement of the blue coloured 

component formed as a result of reduction of 

phosphomolybdic acid to lower acids of molybdenum 

according to (Ademoyegun et al., 2011). Capsaicin 

content calculated from the standard curve was 

expressed as mg/100g on dry basis. Capsaicin content of 

the chili peppers landraces analyzed was then converted 

in Scoville Unit by the multiplication of the gotten 

quantities (weight of capsaicin per dry chili pepper 

weight in grams) with 1.6×107 (Todd et al., 1977, 

Nwokem et al., 2010). The ascorbic acid content was 

estimated by using 2,4 dinitrophenylhydrazine reagent 

in conjunction with spectrophotometer at 540 nm, and 

expressed as mg/100g fresh weight (Sadasivam and 

Manickam, 1992, Kumar and Tata, 2009). 

Total phenols content and antioxidant activity 

Determination of total phenolic content were 

measured using Folin-Ciocalteau reagent and sodium 

carbonate according to Swain and Hillis (1959) and 

Oliveira et al. (2009). A standard calibration curve of 

gallic acid was obtained and used to calculate total 

phenolic contents and expressed as milligram of gallic 

acid equivalents per gram of pepper. The antioxidant 

activity was assessed using aspectrophotometric method 

with the 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent. 

The DPPH method is based on the percentage of 

decrease in absorbance caused by the extract, as 

determined by reading the absorbance of the samples 

using a spectrophotometer at 517 nm (Brand-Williams 

et al., 1995). In this reaction, the DPPH species are 

reduced by the antioxidant constituents present in 

organic compounds (Morais et al., 2009). The ability to 

free radical sequestration was expressed as a percentage 

of radical oxidation inhibition, according to the 

following equation. The scavenging activity percentage 

(AA%) was determined according to Mensor et al. 

(2001). 
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Vitamin E content 

Vitamin E was determined according to the method 

of Pyka and Sliwiok (2001), using HPLC Agilent 

(Series 1200) equipped with autosampler injector, 

solvent degasser, ultraviolet (UV) detector (set at 290 

nm) and quaternary HP pump (Series 1100). Gradient 

separation was carried out with methanol and water 

(9:1, v/v) as a mobile phase at a flow rate of 1.5 ml/min. 

The column [Agilent Hypersil ODS 5 μm 4.0 × 2.5 mm] 

temperature was maintained at 35°C. The injection 

volume was 20 ml of a standard of vitamin E in ethanol. 

Determination of total flavonoid and β-carotene 

content 

Total flavonoid content was measured by AlCl3 

colorimetric assay according to the method of Harborne 

(1998) with slight modification. A calibration curve was 

obtained using quercetin standard (0.1 mg/ml). Total 

flavonoid content was expressed on dry weight basis 

(DW) as mg quercetin equivalents (QE), per gram. β-

carotene was determined according to the method of 

Pupin et al. (1999), with HPLC Agilent (Series 1200) 

equipped with autosampler injector, solvent degasser, 

ultraviolet (UV) detector (set at 280 nm) and quaternary 

HP pump (Series 1100). The column [Agilent Hypersil 

ODS 5 μm 4.0 × 2.5 mm] temperature was maintained 

at 35°C. 

Statistical analysis 

All the data recorded throughout the study was 

exposed to the analysis of variance techniques 

according to the design used by the CoStat software 

package for Windows. Treatment means were separated 

and compared using the L.S.D test at 0.05 level of 

significance according to (Snedecor and Cochran, 

1980). 

RESULTS AND DISCUSSION 

RESULTS 

Vegetative growth 

Regarding to the effect of (CaNO3)2 on vegetative 

growth as plant height and number of branches per plant 

of hot pepper, the higher level of Ca(NO3)2, 

significantly, enhanced plant growth in both seasons 

(Table 2). However, the differences on plant height and 

branching between Ca(NO3)2 and control were not 

significant in 2016 and 2017.   

 

 

 
Table 2. Influence of calcium nitrate, salicylic acid and their interactions on plant height and number of 

branches per plant, during the summer seasons of 2016 and 2017 

Treatments 
Plant height (cm) No. of branches plant-1 

2016 2017 2016 2017 

Calcium nitrate  (CaNO3)2 

0  gl-1 90.33 B 91.44 B 4.33 AB 4.22 B 

2.5 gl-1 95.89 B 94.44 B 4.00 B 4.44 B 

5 gl-1 107.67 A 108.44 A 5.11 A 5.55 A 

Salicylic acid 

SA1            0 gl-1 96.11 A 96.00 B 4.33 A 4.55 A 

SA2            0.25 gl-1 98.11 A 98.00 AB 4.44 A 4.67 A 

SA3            0.5 gl-1 99.67 A 100.33 A 4.67 A 5.00 A 

(CaNO3)2x (SA) 

 SA1 85.00 d 86.33 d 4.67 ab 4.33 b 

0 gl-1
 SA2 90.00 cd 91.00 cd 3.67 b 4.00 b 

 SA3 96.00 bc 97.00 b 4.67a b 4.33 b 

 SA1 95.33 bc 92.33 bc 3.67 b 4.00 b  

2.5 gl-1 SA2 97.67 b 96.67 bc 5.00 ab 4.00 b  

 SA3 94.67 bc 94.33 bc 3.33 b 5.33 ab 

 SA1 108.00 a 109.33 a 4.67 ab  5.33 ab 

5 gl-1 SA2 106.67 a 106.33 a 4.67 ab 6.00 a 

 SA3 108.33 a 109.67 a 6.00 a  5.33 ab 
*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 
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Meanwhile, slight differences were noticed among 

levels of SA on plant height and number of branches in 

both seasons, except for SA at 0.5 gl-1 which recorded 

higher significant plant height than control in 2017. 

As for interaction on plant height, a synergistic 

effect were noticed among Ca(NO3)2 and SA, especially 

with higher level of Ca(NO3)2 in both seasons. All 

combinations, significantly, increased plant height than 

Ca(NO3)2 at 0 gl-1 + SA at 0 gl-1, in both seasons. Slight 

differences on number of branches per plant were found 

among almost used combinations of Ca(NO3)2 and SA. 

The highest number of branches was occurred with 

Ca(NO3)2 at 5 gl-1 + SA at 0.5 gl-1 in 2016 and with 

Ca(NO3)2 at 5 gl-1 + SA at 0.25 gl-1, in 2017. 

Hot pepper plants treated with Ca(NO3)2  at 5 gl-1 

had the highest significant leaf dry matter, in both 

seasons (Table 3). A gradual significant increase on 

leaf's dry matter was noticed with the increase of SA 

concentration, in the two seasons. In regard to the effect 

of interaction on leaf's dry matter, the most effective 

combination treatment was Ca(NO3)2  at 2.5 gl-1 + SA at 

0.5 gl-1, in both seasons, in addition to Ca(NO3)2 at 5 gl-1 

+ SA at 0.5 gl-1 in 2016). On the other hand, the lowest 

significant leaf's dry matter was found with Ca(NO3)2   

at 2.5 gl-1 + SA at 0 gl-1 ,in both seasons. 

Results in (Table 3) show that, no significant 

differences on leaf chlorophyll content were noticed 

among levels of Ca(NO3)2 in both seasons, except with 

(CaNO3)2 at 5 gl-1 which recorded higher significant 

chlorophyll content than control in 2016. As for SA 

effect on leaf's chlorophyll content, a steady increase 

was found with the increase of SA concentration, in 

both seasons. The highest SA concentration gave 

significantly higher leaf's chlorophyll content as 

compared with SA at 0 gl-1, in both seasons. 

Concerning to interaction effect, the lowest 

significant leaf's chlorophyll content was found with 

(CaNO3)2 at 0 gl-1 + SA at 0.25 gl-1 ,in 2016 and with 

(CaNO3)2 at 2.5 gl-1 + SA at 0 gl-1 in 2017. Results in 

2017 revealed that use of (CaNO3)2 at 2.5 gl-1 + SA at 

0.25 or 0.5 gl-1 recorded the highest leaf's chlorophyll 

content. 

 

Table 3. Influence of calcium nitrate, salicylic acid and their interactions on leaf's dry matter and total leaf's 

chlorophyll content, during the summer seasons of 2016 and 2017 

Treatments 

Leaf's dry matter 

 % 

Leaf's Chlorophyll  

(mg/g Fw) 

2016 2017 2016 2017 

Calcium nitrate (CaNO3)2 

0 gl-1 37.17 B 37.04 B 71.00 B 73.22 A 

2.5 gl-1 37.96 B 37.55 B 73.78 AB 77.00 A 

5 gl-1 39.59 A 39.44 A 76.55 A 76.67 A 

Salicylic acid (SA) 

SA1            0 gl-1 35.97 C 35.44 C 72.00 B 72.67 B 

SA2            0.25 gl-1 37.49 B 37.24 B 73.00 AB 75.22 AB 

SA3            0.5 gl-1 41.26 A 41.34 A 76.33 A 79.00 A 

 (CaNO3)2 x (SA) 

 SA1 38.46 b 38.00 c 61.33 d 75.00 b 

0 gl-1
 SA2 37.28 c 37.49 cd 74.33 abc 66.67 c 

 SA3 35.77 d 35.64 e 77.33 ab 78.00 ab 

 SA1 31.99 e 31.00 f 79.67 a 66.33 c 

2.5 gl-1 SA2 37.45 c 36.86 d 69.00 c 82.67 a 

 SA3 44.44 a 44.78 a 72.67 bc 82.00 a 

 SA1 37.47.bc 37.33 cd 75.00 abc 76.67 ab 

5 gl-1 SA2 37.74 bc 37.38 cd 75.67 abc 76.33 ab 

 SA3 43.58 a 43.61 b 79.00 ab 77.00 ab 
*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 
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Leaf's mineral content 

Mineral content N, P, K and Ca of pepper leaves 

treated with different (CaNO3)2 and SA factors in 

comparison to control treatment are presented in Table 

(4). Applications of (CaNO3)2 at 2.5 gl-1 treatment had 

the highest leaf's nitrogen content in 2016. On the other 

hand, there were no significant, in the second season. 

However, (CaNO3)2 at 2.5 gl-1 treatment had the highest 

leaf's phosphorus content in 2016 and 2017 (0.794% 

and 0.808%, respectively). Application of SA1 recorded 

the highest leaf's nitrogen, in two seasons and SA2 

recorded the highest leaf's phosphorus content, in 2016 

and 2017 (0.813% and 0.812 %, respectively).  

Statistically, the differences among the mean value of 

the interactions were not significant regarding leaf's 

phosphorus content, in both seasons. Applications of 

(CaNO3)2 at 5 gl-1 treatment had the highest leaf's 

potassium content in 2017. On the other hand, there 

were no significant, in the first season. Application of 

SA1 recorded the leaf's potassium content was no 

significant, in the both seasons. The highest mean value 

of the leaf's calcium was recorded by (CaNO3)2 5 gl-1
, in 

both seasons. Results in 2017 revealed that use of 

(CaNO3)2 at 5 gl-1 + SA3 recorded the highest leaf's 

calcium. 

Fruit yield and quality 

The pre-harvest foliar application of (CaNO3)2 
significantly, increased productivity of hot pepper 

(Table 5). The lowest fruit yield was found with control 

in both seasons. A steady markedly yield increase was 

noticed with increasing (CaNO3)2 level, in both seasons. 

In concern to SA effect, a gradual significant increase of 

fruit yield with the increase of SA level, in 2016 and 

2017.  

As for interaction effect, all combinations of 

(CaNO3)2 and SA, significantly, increased fruit yield 

than control (CaNO3)2 at 0 gl-1 + SA at 0 gl-1) in both 

seasons. However, the highest significant yield was 

found with plant treated with (CaNO3)2 at 5 gl-1 + SA at 

0.25 gl-1, followed by (CaNO3)2 at 5 gl-1 + SA at 0.5,in 

2016 and(CaNO3)2 at 2.5 gl-1 + SA at 0.25,in 2017. 

Fruit weight, slightly, increased with (CaNO3)2 foliar 

application, but differences were not significant, in both 

seasons. However, a gradual significant increase in fruit 

weight was noticed with the increase of SA 

concentration in 2016 and 2017. The results clarified the 

effectiveness of SA on improving fruit weight, whereas 

all treatments of SA at 0.25 or 0.5 gl-1 in combination 

with all (CaNO3)2 levels, markedly, increased fruit 

weight, in both seasons. However, the lowest fruit 

weight was found with treatment of (CaNO3)2 at 0 gl-1 + 

SA at 0 gl-1, in both seasons.    

Hot pepper plants treated with (CaNO3)2 slightly, 

increased fruit diameter, without significant differences, 

in both seasons (Table 5). Moreover, fruit diameter 

increased with the increase of SA concentration, without 

significant differences among all treatments except 

between (CaNO3)2 at 0.25 or 0.5 gl-1 and control, in 

2017. Generally, no significant differences on fruit 

diameter among all combinations, in both seasons, 

except with (CaNO3)2 at 5 gl-1 + SA at 0.5 gl-1 which is 

significantly higher than (CaNO3)2 at 0 gl-1 + SA at 0 gl-

1 in 2016.  

A steady gradual significant increase on fruit length 

was found with the increase of (CaNO3)2 concentration, 

in both seasons. The differences between (CaNO3)2 at 

2.5 and 5 gl-1 wasn't significant, in 2016 (Table 5). 

Furthermore, the same trend was noticed with SA, fruit 

length, significantly, increased with increasing SA level, 

in both seasons. A synergistic effect was noticed with 

combination of (CaNO3)2 and SA on fruit length. The 

highest significant fruit length was occur with (CaNO3)2 

at 2.5 or 5 gl-1 + SA at 0.5 gl-1, in both seasons, in 

addition to (CaNO3)2 at 5 gl-1 + SA at 0.25 gl-1, in 2016.  

Nutrient content 

Application of (CaNO3)2 at 2.5 and 5 gl-1 achieved 

the mean highest values of fruit's capsaicin and 

dihydrocapsaicin contents (Table 6), in both seasons. 

The same trend was noticed fruit's capsaicin and 

dihydrocapsaicin contents were significantly increased 

with SA at 0.25 gl-1 level, in both seasons. As for the 

interaction effect, the highest significant fruit's capsaicin 

contents was found with plant treated with (CaNO3)2 at 

5 gl-1 + SA at 0.25 gl-1, in the first season, while, the 

highest means of the interaction was recorded by 

(CaNO3)2 2.5 gl-1 with 0.25 gl-1 SA, in the second season 

followed by (CaNO3)2 at 5 gl-1 + SA at 0.25. On the 

other hand, the highest mean values of fruit's 

dihydrocapsaicin contents were recorded by (CaNO3)2 5 

gl-1 with 0.25 gl-1 SA, followed by (CaNO3)2 at 2.5 gl-1 + 

SA at 0.25 of, in both seasons. 

Hot pepper plants treated with (CaNO3)2 at 2.5 or 5 

gl-1, slightly, increased fruit's vitamin E, ascorbic acid 

contents and antioxidant activity DPPH (%), in both 

seasons (Table 7). Moreover, the same trend was 

noticed with SA, significantly increased with SA at 0.25 

gl-1or 0.5 gl-1 level, in both seasons. Moreover, the 

highest mean values of the interaction were recorded by 

(CaNO3)2 at 2.5 gl-1 with 0.5 gl-1 SA in fruit's vitamin E 

and fruit's ascorbic acid, in both seasons. Application of 

(CaNO3)2 at 5 gl-1 with 0.5 gl-1 SA gave the highest 

mean value of antioxidant activity (DPPH), in both 

seasons. 
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Regarding to the effect of (CaNO3)2 on total phenol, 

ß carotene and flavonoids contents of hot pepper, the 

higher level of CaNO2 at 5 gl-1, significantly, enhanced 

in both seasons (Table 8). However, no significant 

differences on total phenol among (CaNO3)2 and control 

were detected, in 2017. Meanwhile, SA at 0.5 exhibited 

higher significant total phenol and ß carotene values, in 

both seasons. In the same time, slight differences were 

noticed among levels of SA at 0.25 gl-1 or 0.5 gl-1 on 

total flavonoids contents, in both seasons. 

As for interaction on total phenol, ß carotene and 

flavonoids contents of hot pepper, a synergistic effect 

was noticed among (CaNO3)2 and SA, especially with 

the higher level of (CaNO3)2 and SA (5 gl-1 with 0.5 gl-

1), in both seasons. The exception was in second season, 

slight differences on total phenol were found among 

most used combinations of (CaNO3)2 and SA. The 

highest mean value of total phenol was occurred with 

(CaNO3)2 at 2.5 gl-1 + SA at 0.25 gl-1 or 0. 5 gl-1, 

followed by (CaNO3)2 at 5 gl-1 + SA at 0.25 gl-1 or 0. 5 

gl-1 (Table 8). 

Postharvest storability  

Pre-harvest treatment with (CaNO3)2 at 2.5 or 5 gl-

1,significantly, reduced postharvest fruit weight loss 

percent during cold storage for 3 weeks + 2 days as a 

shelf life than control in both seasons (Table 9). No 

significant differences were noticed on weight loss 

among (CaNO3)2 at 2.5 and 5 gl-1. The same trend was 

found with SA treatments, both levels of 0.25 and 0.5 gl-

1, significantly, reduced fruit weight loss percent than 

control, without significant differences among each 

other. Furthermore, the highest significant fruit weight 

loss was found with (CaNO3)2 at 0 gl-1 + SA at 0 gl-1, 

followed by (CaNO3)2 at 0 gl-1 + SA at 0.25 or 0.5 gl-1, in 

both seasons. All combinations, markedly, reduced 

weight loss percent than control, while the most effective 

combination treatments on reduction of weight loss were 

found with (CaNO3)2 at 2.5 or 5 gl-1 + SA at 0.25 or 0.5 

gl-1,in the two experimental seasons.     

In regard to the effect of (CaNO3)2 treatments on 

shriveling percent of hot pepper fruits, (CaNO3)2 at 2.5 

and 5 gl-1, significantly, reduced shriveling percent, 

while (CaNO3)2 at 2.5 gl-1 was significantly lower than at 

5 gl-1 in both seasons (Table 9).  

 

Table 4. Influence of calcium nitrate, salicylic acid and their interactions on leaf's nitrogen and phosphorus, 

potassium and calcium contents during the summer seasons of 2016 and 2017 

Treatments 
 

Leaf's N content 

(%) 

Leaf's P content 

(%) 

Leaf's K content 

(%) 

Leaf's Ca content 

(mg/100 g DW) Calcium nitrate 

(CaNO3)2  2016 2017 2016 2017 2016 2017 2016 2017 

0 gl-1 1.98 AB 1.99 A 0.680 B 0.673 B  1.59 A 1.59 B 4.15 C 4.23 C 

2.5  gl-1 2.01 A 2.02 A 0.794 A  0.808 A  1.66 A 1.61 B 5.28 B 5.28 B 

5  gl-1 1.95 B 1.95 A 0.706 B 0.705 B 1.67 A 1.78 A 6.63 A 6.65 A 

Salicylic acid (SA) 

SA1        0 gl-1  2.13 A 2.17 A 0.656 C 0.664 C 1.63 A 1.64 A 4.80 B 4.83 B 

SA2        0.25 gl-1 1.98 B 1.99 B 0.813 A  0.812 A   1.63 A 1.67 A 5.56 A  5.63 A 

SA3        0.5 gl-1 1.82 C 1.81 C 0.711 B 0.710 B 1.67 A 1.66 A 5.70 A 5.70 A 

(CaNO3)2x (SA) 

 SA1 2.07 b 2.14 b 0.581 a 0.586 a 1.60 bc 1.57 c 3.60 d 3.66 f 

0  gl-1 SA2 2.02 bc 2.02 c  0.662 a 0.637 a 1.58 b 1.58 c 4.29 c 4.39 de 

 SA3 1.84 e 1.82 e 0.797 a 0.796 a 1.61 bc 1.61 c 4.56 c 4.64 d 

 SA1 2.31 a 2.32 a 0.822 a 0.837 a 1.64 abc 1.62 c 4.32 c 4.37 e 

2.5  gl-1 SA2 1.92 d 1.93 d 0.861 a 0.880 a 1.68 ab 1.61 c 5.79 b 5.82 c 

 SA3 1.79 e 1.82 e 0.699 a 0.707 a 1.66 abc 1.61 c 5.73 b 5.65 c 

 SA1 2.00 c 2.05 c 0.565 a 0.570 a 1.64 abc 1.74 b 6.47 a 6.46 b 

5  gl-1 SA2 2.02 bc 2.01 c 0.917 a 0.919 a 1.64 abc 1.83 a 6.61 a 6.67 ab 

 SA3 1.84 e 1.80 e 0.638 a 0.626 a 1.72 a 1.76 ab 6.82 a 6.82 a 

*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 
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Table 5. Influence of calcium nitrate, salicylic acid and their interactions on total yield, fruit weight, diameter 

and length of hot pepper plants during the summer seasons of 2016 and 2017 

Treatments 

 

Total yield  

(ton.fed-1) 

Fruit weight  

(g) 

Fruit diameter  

(cm) 

Fruit length  

(cm) 

Calcium 

nitrate 

(CaNO3)2 

2016 2017 2016 2017 2016 2017 2016 2017 

0 gl-1 9.67 C 9.31 B 11.60 A 11.10 A 1.348 A 1.333 A 13.071 B 13.180 C 

2.5  gl-1 14.76 B 14.85 A 11.72 A 11.23 A 1.359 A 1.345 A 13.698 A 13.837 B 

5  gl-1 15.32 A 15.12 A 11.79 A 11.23 A 1.391 A 1.362 A 14.084 A 14.000 A  

Salicylic acid (SA) 

SA1       0 gl-1  11.96 C 11.56 C 10.98 C 10.67 C 1.347 A 1.313 B 12.978 C 13.215 C 

SA2      0.25 gl-1 13.65 B  13.53 B 11.79 B  11.21 B 1.370 A 1.372 A  13.743 B 13.657 B 

SA3       0.5 gl-1 14.14 A 14.18 A 12.34 A 11.67 A 1.381 A 1.355 A  14.132 A 14.145 A 

(CaNO3)2x (SA) 

 SA1 9.58 e 9.32 e 10.63 d 10.35 e 1.310 b 1.285 a 12.697 e 12.885 e 

0  gl-1 SA2 8.22 f 7.75 f 11.93 abc 11.38a-d 1.360 ab 1.365 a 13.060 de 13.055 e 

 SA3 11.20 d 10.86 d 12.23 ab 11.57 abc 1.373 ab 1.350 a 13.457 bc 13.600 c 

 SA1 13.30 c 12.82 c 11.09 cd 10.87 de 1.353 ab 1.310 a 12.853 e 13.285 d 

2.5  gl-1 
SA2 15.62 b 15.98 b 11.48 

bcd 

11.20 a-d 1.370 ab 1.400 a 13.850 b 13.875 b 

 SA3 15.35 b 15.75 b 12.58 a 11.62 ab 1.353 ab 1.325 a 14.390 a 14.350 a 

 SA1 13.01 c 12.55 c 11.22 cd 10.80 c-e 1.377 ab 1.345 a 13.383 cd  13.475 b 

5  gl-1 SA2 17.09 a 16.86 a 11.96 abc 11.05 b-e 1.380 ab 1.350 a 14.320 a 14.040 b 

 SA3 15.85 b 15.95 b 12.20 ab 11.83 a 1.417 a 1.390 a 14.550 a 14.485 a 
*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability 

 

Table 6. Influence of calcium nitrate, salicylic acid and their interactions on fruit's capsaicin and 

dihydrocapsaicin contents, of hot pepper plants during the summer seasons of 2016 and 2017 

Treatments 

fruit's Capsaicin  

(mg/g DW) 

fruit's Dihydrocapsaicin  

 (mg/g DW) 

2016 2017 2016 2017 

Calcium nitrate  (CaNO3)2 

0 gl-1 19.11  B 19.94 C 3.06 B 2.97 B 

2.5 gl-1 20.66  A 22.88 A 3.20 A 3.14 A 

5 gl-1 21.66  A 22.66 A 3.04 B 3.15 A 

Salicylic acid (SA) 

SA1    0 gl-1 19.55 B 21.38 B 2.91 C 2.92 B 

SA2    0.25 gl-1 21.88 A 22.77 A 3.38 A  3.35 A 

SA3    0.5 gl-1 20.00 B 21.33 B 3.01 B 3.00 B 

(CaNO3)2x (SA) 

  SA1 18.33 d 19.50 b 2.96 d 2.86 c 

      0 gl-1
  SA2 20.00 bcd 20.00 b 3.23 b 3.13 b 

  SA3 19.00 cd 20.33 b  3.00 cd 2.93 bc 

  SA1 19.00 cd 21.00 b 3.03 cd 3.10 b 

    2.5 gl-1  SA2 21.33 bc  24.33 a 3.46 a 3.36 a 

  SA3 21.66 b 23.33 a 3.10 c 2.96 bc 

  SA1 21.33 bc 23.66 a 2.73 e 2.80 c 

    5 gl-1 SA2 24.33 a 24.00 a 3.47 a 3.56 a 

 SA3 19.33 bcd 20.33 b 2.93 d 3.10 b 
*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 
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Table 7. Influence of calcium nitrate, salicylic acid and their interactions on fruit's vitamins E and C contents 

and antioxidant activity, of hot pepper plants during the summer seasons of 2016 and 2017 

Treatments 

fruit's Vitamin E 

 (mg/g DW)  

fruit's Ascorbic acid 

(VC) (mg/g DW) 

Antioxidant activity 

DPPH (%) 

2016 2017 2016 2017 2016 2017 

Calcium nitrate  (CaNO3)2 

0 gl-1 8.14  B 8.10 B 368.55 C 365.55 B 23.00 C 22.33 C 

2.5 gl-1 9.51  A 9.59 A 422.44 A 423.66 A 24.55 B 24.77 B 

5 gl-1 9.62  A 9.60 A 418.66 B 418.33 A 26.44 A 26.42 A  

Salicylic acid (SA) 

SA1            0 gl-1 8.69 B 8.70 B 387.44 C 386.44 B 23.33 C 23.33 B 

SA2            0.25 gl-1 9.23 A 9.26 A 408.77 B 409.88 A 25.00 B 24.77 A 

SA3            0.5 gl-1 9.35 A 9.34 A 413.44 A 411.22 A 25.66 A 25.44 A 

(CaNO3)2x (SA) 

  SA1 7.99 d 7.93 e 340.00 g 332.33 f  22.00 e 21.33 e 

      0 gl-1
  SA2 8.20 d 8.33 d 378.33 f 382.66 e 23.66 d 22.66 de 

  SA3 8.22 d 8.06 e 387.33 e 381.66 e 23.33 d 23.00 d 

  SA1 9.07 c 9.14 c 407.33 d 411.00 d 22.66 de 23.66 cd 

    2.5 gl-1  SA2 9.53 b 9.63 b 430.33 a 430.00 a 25.00 c 25.33 b 

  SA3 9.94 a 10.01 a 429.66 a 430.00 a 26.00 bc 25.33 b 

  SA1 9.01 c 9.03 c 415.00 c 416.00 cd 25.33 bc 25.00 bc 

    5 gl-1 SA2 9.96 a 9.82 ab 417.66 c 417.00 bc 26.33 b 26.30 b 

 SA3 9.88 a 9.95 a 423.33 b 422.00 b 27.66 a 28.00 a 
*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 

 

Table 8. Influence of calcium nitrate, salicylic acid and their interactions on fruit's total phenol, ß carotene and 

flavonoids contents of hot pepper of hot pepper plants during the summer seasons of 2016 and 2017 

Treatments 

    Total phenol content 

  (mg/g DW) 

ß carotene  

(mg/g DW) 

Total flavonoids content   

(mg/g DW) 

2016 2017 2016 2017 2016 2017 

Calcium nitrate  (CaNO3)2 

0 gl-1 19.88 B 20.66 A 10.79 C 11.02 C 7.82 C 8.92 B 

2.5 gl-1 20.88 A 22.33 A 13.54 B 13.83 B 8.07 B 8.16 A 

5 gl-1 20.22AB 20.66 A 15.53 A 15.44 A 8.23 A 8.23 A  

Salicylic acid (SA) 

SA1            0 gl-1 18.33 C 19.66 B 12.48 C 12.67 C 7.92 B 7.96 B 

SA2            0.25 gl-1 20.11 B 21.66 A 13.41 B 13.46 B 8.14 A 8.21 A 

SA3            0.5 gl-1 22.55 A 22.33 A 13.97 A 14.15 A  8.07 A 8.14 A 

(CaNO3)2x (SA) 

 SA1 18.33 de 18.66 b 10.05 h 10.41 g 7.65 d 7.72 d 

      0 gl-1
 SA2 19.66 c 21.33 a 10.75 g 10.83 f 7.99 bc 8.15 ab 

 SA3 21.66 b 22.00 a 11.56 f 11.81 e 7.84 cd 7.89 cd 

 SA1 19.33 cd 21.66 a 12.31 e 12.57 d 7.99 bc 8.05 bc 

    2.5 gl-1 SA2 21.33 b 22.66 a 13.77 d 14.08 c 8.11 ab 8.27 ab 

 SA3 22.00 b 22.66 a 14.54 c 14.85 b 8.13 ab 8.18 ab 

 SA1 17.33 e 18.66 b 15.09 b 15.04 b 8.12 ab  8.11 bc 

    5 gl-1 SA2 19.33 cd 21.00 a 15.70 a 15.47 a 8.32 a 8.23 ab 

 SA3 24.00 a 22.33 a 15.80 a 15.80 a 8.26 a 8.36 a 

*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability. 
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Table 9. Influence of calcium nitrate, salicylic acid and their interactions on fruit weight loss, shriveling and 

chilling injury percentage, after 3 weeks of cold storage at 6±1 °C and 90 ±5 % RH + 2 days shelf life during 

the summer seasons of 2016 and 2017 

*Values followed by the same alphabetical letter(s) in common, within a particular group of means in each character, do not 

significantly differ, using Revised L.S.D test at 0.05 level of probability 

 

Moreover, the use of SA at 0.5 g-1 in both seasons 

and 0.25 gl-1 in 2016, significantly, reduced shriveling 

percent than control. Concerning to interaction effect, 

all combinations with (CaNO3)2 at 2.5 or 5 gl-1 + SA at 

0.25 or 0.5 gl-1, significantly, reduced fruit shriveling 

than those of (CaNO3)2 at 0 gl-1 + SA at 0 gl-1, in both 

seasons. The most effective treatment reducing 

shriveling percent was found with (CaNO3)2 at 2.5 gl-1 + 

SA at 0.25 gl-1 and (CaNO3)2 at 2.5 gl-1 + SA at 0. 5 gl-1, 

in 2016 and 2017, respectively. 

Pre-harvest treatment with (CaNO3)2 and SA, 

significantly, alleviated postharvest chilling injury on 

hot pepper fruit after cold storage at 6±1 ºC and 90±5 % 

RH for 3 weeks + 2 days as a shelf life (Table 9). 

Application of (CaNO3)2 at 2.5 gl-1 was the most 

effective treatment on reduction of CI, in both seasons. 

However, both levels of SA at 0.25 and 0.5 gl-1, 

significantly, reduced CI as compared with control, in 

both seasons. The interaction of (CaNO3)2 and SA 

levels, in both seasons clarified that all combinations, 

significantly, reduced the incidence of CI on hot pepper 

fruits as compared with control (CaNO3)2 at 0 gl-1 + SA 

at 0 gl-1), in both seasons. The lowest percent of CI was 

found with (CaNO3)2 at 2.5 gl-1 + SA at 0.25 gl-1) 

DISCUSSION 

Vegetative growth 

Mineral nutrients are generally applied to plants to 

ensure adequate growth and yield. However, mineral 

nutrients may also exert secondary influences on the 

growth and yield of plants by causing changes in 

chemical composition, plant morphology and anatomy 

which may affect their resistance to pests and diseases. 

Calcium ion is one of the essential nutrient associate 

with healthy growth and development higher yield and 

fruit quality. Calcium mainly involved in the formation 

of plant cell wall, furthermore it is signaling molecule, 

which regulates a wide range of physiological and 

pathological reactions (Malinovsky et al., 2014). Also, 

the application of calcium sources at high rate can be 

used to improve soil properties and increase the 

available nutrients. The application of calcium sources: 

calcium sulphate and calcium nitrate led to enhanced 

yield and yield components of bulb garlic plants under 

saline soil conditions (Khaled et al., 2019). 

Treatments 
Fruit weight loss (%) Shriveling (%) Chilling injury (%) 

2016 2017 2016 2017 2016 2017 

Calcium nitrate  (CaNO3)2 

0 gl-1 15.27 A 16.13 A  13.06 A   13.14 A 6.07 A 6.84 A 

2.5 gl-1 12.74 B 12.89 B 10.65 C 10.75 C 5.99 A 6.11 B 

5 gl-1 13.29 B 13.29 B 11.72 B 11.66 B 6.00 A 6.29 B 

Salicylic acid (SA) 

SA1            0 gl-1 14.61 A 15.05 A  12.70 A 12.38 A 6.66 A 7.01 A 

SA2            0.25 gl-1 13.41 B 13.62 B 11.23 B 11.86 AB 5.48 B 6.11 B 

SA3            0.5 gl-1 13.27 B 13.63 B 11.51 B 11.32 B 5.92 B 6.12 B 

(CaNO3)2x (SA) 

 SA1 16.31 a 17.28 a 14.69 a 15.05 a 7.42 a 7.88 a 

      0 gl-1
 SA2 15.25 ab 15.82 b 12.15 bc 12.12 b 5.44 bc 6.49 bc 

 SA3 14.25 bc 15.30 b 12.35 b 12.25 b 5.37 c 6.14 cd 

 SA1 13.68 cd 13.85 cd 11.05 de 10.80 cd 6.38 b 6.43 bc 

    2.5 gl-1 SA2 12.16 e 12.18 e 10.25 e 11.23 bcd 5.35 c 5.80 d 

 SA3 12.38 e 12.64 e 10.66 de 10.23 d 6.24 bc 6.10 cd 

 SA1 13.85 cd 14.04 c 12.35 b 11.29 bcd 6.18 bc 6.71 b 

    5 gl-1 SA2 12.83 de 12.87 de 11.28 cd 12.22 b 5.66 bc 6.06 cd 

 SA3 13.18 cde 12.96 cde 11.52 bcd 11.48 bc 6.15 bc 6.11 cd 
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Salicylic acid is a natural phenolic acid, endogenous 

growth regulator, plays many regulative functions in 

plant metabolism (Karlidag et al., 2009).  

Fruit yield and quality 

A steady markedly yield increase was noticed with 

increasing (CaNO3)2 level, in both seasons (Table 5).  A 

positive influence of Ca feeding on the total and 

marketable yield of pepper fruit compared with the 

control treatment (Buczkowska et al.,2016). The 

additional application of calcium in the field cultivation 

of pepper plant had positive effects on the total yield 

(El-Tohamy et al., 2006). Calcium application even 

preharvest or postharvest significantly maintain fruit 

quality, delay deterioration rate and prolong storability 

of several crops (Basiouny and Basiouny, 2000). Occur 

of Ca at suitable level in plant tissues help to maintain 

quality of pepper fruits due to control of membrane 

permeability and slow the ripening process during 

storage (Poovaiah, 1986). 

Nutrient content      

Salicylic acid (SA) and Calcium nitrate (CaNO3)2 

increases capsaicin and dihydrocapsaicin contents in 

fruit may due to the peroxidase enzyme by catalytic 

activity, through the direct effect of salicylic acid and 

calcium nitrate on inhibiting this enzyme activity. 

Among the vitamins, ascorbic acid is the least stable and 

easily destroyed during storage process and is thus very 

sensitive to degradation (Spinardi, 2005). The use of 

(CaNO3)2 had a positive effect on the accumulation of 

vitamin C and carotenoids as compared with other 

fertilizers (Buczkowska et al.,2016) .As an important 

component of the antioxidative defense mechanism in 

cells and tissues, vitamin C acts as a reducing and a 

chelating agent and has been shown to scavenge free 

radicals. Salicylic acid as an antioxidant activates 

ascorbate peroxidase, which, in turns, increases 

antioxidant ability and ascorbic acid amount in fruits. 

Antioxidant activity was also affected by salicylic acid, 

as the results showed. As can be seen in Table 6,7 and 

8. The current results were in agreement with the 

findings reported on strawberry (Shafiee et al., 2010), 

pear (Cao et al., 2006) and apricot (Ardakani, et al., 

2013). Salicylic acid (SA) and Calcium nitrate 

(CaNO3)2 increases antioxidant activity through the 

expression of oxidase gene, removes toxic effects of 

free radicals and protects plant cell tensions against all 

kinds of stresses (Turnham, 1990, Zhang and Schmidt, 

1999). Pila, et al. (2010) stated that salicylic acid 

increased the activity of phenylalanine ammonia-lyase 

enzyme, a key enzyme in the phenylpropanoids 

metabolism, enhanced the synthesis and accumulation 

of important phenolic compounds with antioxidant 

properties, and finally increased tissue resistance to 

living and non-living stressors. Data obtained on the 

influence of Salicylic acid (SA) and Calcium nitrate 

(CaNO3)2 on total phenolics, B-carotene and flavonoids 

content showed that enhancement in duration of shelf 

life led to the reduction of total phenolic contents, so 

that the highest phenolic and flavonoids content were 

obtained at 5 gl-1 (CaNO3)2 and 0.5 gl-1 SA (Table 8). 

Phenolic compounds are the main contributors to 

functional quality and have a leading role in 

counteracting reactive oxygen species, thus minimizing 

molecular damage. Based on Remorini, et al. (2008), 

decrease in fruit phenolic contents during shelf life is 

related to the chemical and enzymatic changes 

occurring during fruit development. Generally, phenolic 

compounds are reduced during fruit growth and 

development, which lead to the reduction of 

astringency. It is suggested that phenolic compounds are 

incorporated in enzymatic and non-enzymatic reactions 

during storage, and that may be the reason for lower 

contents of this chemicals (Sartip and Hajilou, 2015). 

Regarding the effect of salicylic acid on total phenolics 

contents, results showed that an increase in salicylic 

acid concentration brought about a significant increase 

in total phenolics, B-carotene and flavonoides content. 

Postharvest storability  

Preharvest foliar spray with CaCl2 solutions 

exhibited higher quality and lower softening rates than 

those of controls at both shelf life and cold storage at 

0°C on kiwifruits (Gerasopoulos et al., 1996). Calcium 

salts may influence rotting in several different ways. 

Firstly, by direct effects on the growth and development 

of the fungus and, secondly, by increasing the resistance 

of the host crop to rotting. Calcium salts have also been 

shown to enhance the efficacy of bio-control agents.  

Results of this study revealed that SA maintained 

pepper fruit quality and delayed fruit softening and 

shriveling after cold storage and shelf life. This effect 

may be due to reduction of ethylene production which 

subsequently decreased activity of cell wall degrading 

enzymes. Salicylic acid has a positive effect on reducing 

ethylene production and subsequently inhibits cell wall 

and membrane degrading enzymes such as 

polygalacturonase, lipoxygenase, cellulase and pectine 

methylesterase leading to decreasing the fruit softening 

rate (Srivastava and Dwivedi, 2000; Zhang et al., 2003). 

The effects of SA on maintaining pepper fruit quality 

were in harmony with findings on kiwifruit (Aghdam et 

al., 2009), bananas (Srivastava and Dwivedi, 2000), and 

peach (Wang et al., 2006). 

Furthermore, SA was effective in reduction of water 

loss and alleviating incidence of chilling injury, this 

may be due to the antioxidant effect of SA, which plays 

a significant role on maintaining plasma membrane 

integrity which retard water loss and reduction of 
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oxidative stresses leading to maintain cell 

compartmentalization.    

Furthermore, SA treatments significantly reduced 

the incidence of decay during cold storage and shelf life 

of pepper fruits (data not shown). These results may be 

contributed to the antimicrobial effect of SA by 

inducing a defense system (Chan and Tian, 2006).  (Xu 

and Tian, 2008) reported that SA enhancing activities of 

antioxidant enzymes which increased resistance against 

fungal attack in treated fruits. These results were in 

agreement with (Wang et al., 2006) on peach, (Xu and 

Tian 2008) on sweet cherry and (Babalar et al., 2007) 

on strawberry. 

CONCLUSION 

Calcium and salicylic acid are an important nutrient 

that seems to have a positive effect on vegetative 

growth, total yield and fruit quality. This study 

clarified the effect of foliar calcium nitrate and 

salicylic acid on the vegetative, nutritional and fruit 

quality characters at harvest and postharvest. 

Moreover, calcium nitrate (CaNO3)2 and salicylic acid 

led to decreased fruit weight loss, shriveling and 

chilling injury of hot pepper plants under clay loam soil 

conditions.  
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 الملخص العربي

للفلفل الحار بعد الحصاد بواسطة الرش بنترات القدرة التخزينية تحسين النمو والإنتاجية وجودة الثمار و 
 الكالسيوم وحامض الساليسيليك

 مصطفى صلاح  عبد الحافظ ، يحيى  ينبن ، ز حس رجب على شيماء محمد

أجرت تجربة حقلية لمدة عامين فى محطة البحوث 
الزراعية جامعة الأسكندرية خلال موسمى الزراعة الصيفي 

. كان الهدف الرئيسى دراسة تأثير 2017-2016المتتالين 
 5-2.5-الرش الورقى بنترات الكالسيوم بتركيزات )صفر 

 -0.25 -الساليسيليك بتركيزات )صفر جرام/لتر ( وحامض 
جرام/لتر( بالإضافة إلى تداخلاتهم على النمو الخضرى  0.5

والمحصول والقدرة التخزينية للثمار بعد الحصاد، لنباتات 
الفلفل الحار صنف أوميجا المنزرعة فى أرض طينية لومية. 
أستخدمت الثمار التى تم حصادها فى قياسات الجودة وقت 

اسات القدرة التخزينة بعد التخزين المبرد على الحصاد وقي
أسابيع  3م لمدة °5±90م ورطوبة نسبية ° 1±6درجة حرارة 

+ يومين على درجة حرارة الغرفة. أظهرت النتائج أن 

 2.5معاملات الرش الورقى بنترات الكالسيوم بتركيز 
 0.5أو  0.25جرام/لتر مع حامض الساليسيليك بتركيز

ت النمو الخضرى )إرتفاع النبات وعدد جرام/لتر حسنت صفا
الأفرع ومحتوى الأوراق من الكلورفيل الكلى والمادة الجافة(. 

جرام/لتر  5النباتات التى عوملت بنترات الكالسيوم بتركيز 
جرام/لتر من حامض الساليسيليك أعطت أعلى  0.25مع 

طن للفدان فى  16.86و  17.09إنتاجية كلية وكانت  
على الترتيب. علاوة على ذلك فإن كل  2017و  2016

معاملات نترات الكالسيوم وحامض الساليسيليك حسنت 
بدرجة ملحوظة من جودة الثمار عند الحصاد وحافظت عليها 
بعد الحصاد حيث قللت الفقد فى الوزن والكرمشة وأضرار 

.التبريد مقارنة بمعاملة الكنترول فى كلا موسمين الدراسة
 


