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ABSTRACT  
 

Greenhouse experiment was executed to evaluate the impact with two concentrations (5 and 10 
mM l-1) of calcium chloride (CaCl2) foliar application on growth parameters, yield and some 
biochemical constituents and blossom-end rot (BER) incidence of sweet pepper (Capsicum annuum 
L.) under drought stress. The obtained results indicated that CaCl2 foliar application CaCl2 with under 
both irrigation regimes achieved an increment in most of growth parameters, yield and some 
biochemical constituents. On the contrary, the same applications led to decrease BER incidence in the 
plants under normal irrigation or water deficiency. However, no-significant effect of CaCl2 was 
observed on chlorophyll a/b ratio, carotenoids and carotenoids/chlorophyll a+b. 

 
Key words: Sweet pepper, calcium chloride, drought stress, growth, yield, blossom-end rot, 

photosynthetic pigments.   

 
Introduction 
 

Sweet pepper (Capsicum annuum L.), also known as bell pepper is a multi-use vegetable that are 
eaten both fresh and cooked. Also, it is a rich source of vitamin C, which helps in the growth; enhance 
immunity and expert incendiary free radicals from the body. High money income crops, for example, 
sweet pepper have involved a critical rank in Egyptian and world farming because of its high benefit 
and dietary qualities for human health (Rajput and Poruleker, 1998).  

Water deficiency (drought) is the most serious issue in crop production in arid and semi-arid 
regions of the world (Debaeke and Aboudrare, 2004). With rare accessibility of water, the 
agriculturist must discover a blend of administration practices and varietals ways to deal with 
overcome this issue. Pepper (Capsicum annuum L.) is most powerless to water deficiency among 
vegetable crops (Gonzalez-Dugo et al., 2007). It is clear that restricted water supply, amid pepper 
growth, has negative consequences for yield. Water deficiency decreased fruits number, because of 
decreased plant size and constrained accessibility of acclimatizes amid fruits growth and stage of 
maturation (Hsiao, 1993). Water deficiency decreased the photosynthetic rate, leaves & branches 
number and leaf area (Ferrara et al., 2011). 

The most ordinarily observed issue of pepper is blossom-end rot (BER) which can bring about 
real yield misfortune. This reality sheet portrays BER, its causes, and prevention. Blossom-end rot is 
not brought on by a parasitic creature but rather is a physiologic issue related with a low level of 
calcium in the fruits (Adams, 2002). Calcium is desired in comparatively great levels for typical cell 
growth. At the point when a quickly developing fruit is denied of vital calcium, the tissues break 
down, indented injury at the blossom-end rot. Blossom-end rot is resulted when request for calcium 
override supply. This may due to low calcium levels or high competitive cations amounts in the soil, 
water deficiency, or over the top soil dampness vacillations which decrease uptake and calcium 
movement into the plant, or quick vegetative development due to intemperate nitrogen nutrition. The 
primary symptoms of BER in pepper are the presence of little darker necrotic areas of pericarp tissue 
in the distal portion of the fruit. The Ca2+ levels decreases from the proximal to the distal tissue of the 
fruit where the side effect of BER happens (Morley et al., 1993). Ca2+ status impacts plant 
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profitability and tolerance to both biotic and abiotic stresses; subsequently, plants with calcium 
inadequacies are more vulnerable to pathogens and osmotic stress (Sanders et al., 1999; Knight 2000). 
Surely, CaCl2 has been appeared to enhance stress tolerance in many reviews (Ma et al., 2005; 
Upadhyaya et al., 2011; Xu et al., 2013). 

The current investigation is mainly focusing on evaluating a suitable calcium chloride 
concentration as foliar application to reduce BER incidence and drought stress in sweet pepper. 
 
Materials and Methods 

 
Greenhouse experiment was carried out during the seasons of 2014/2015 and 2015/2016, 

respectively at the greenhouses of Misr Bio for agriculture services farm, Elnenay zone, Bader city, El 
Beheia Governorate, Egypt to investigate the impact of CaCl2 as foliar application (5 and 10 mM) on 
sweet pepper plants under two irrigation levels (control and drought). The texture soil was loamy 
sand, mechanical and chemical analysis of the soil was shown in Table (1). Field capacity (FC), 
wilting point and the available water of the soil were determined as shown in Table (2). Sweet pepper 
seeds (Capsicum annuum L. California wander) obtained from Agriculture Research Center, Giza, 
Egypt. The seeds were planted in the nursery on the first of September and then transferred to the 
greenhouse at the first of November. The experiment was arranged in split plot design with three 
replicates. Drip irrigation with two levels (50 and 100 %) of water requirements were carried out in 
the main plots and the foliar applications of CaCl2 were distributed in the sub-plots. The plot area was 
40 m (length) x 6 m (width) with 70 cm between rows and 30 cm plant spacing. As a border between 
both irrigation levels, three rows were left without irrigation.  
 
Table 1: Mechanical and chemical analyses of the cultivated soil. 

  Mechanical analyses  Chemical analyses 
Seasons  

Clay (%) Silt (%) Sand (%) 
 

pH 
N P K 

CaCO3 (%) 
mg/Kg 

2014  6.1 13.6 80.2  8.1 84.1 5.9 242.9 2.5 
2015  6.0 13.7 82.7  7.95 83.7 6.2 248.2 2.3 
Central Unit for Analysis and Scientific Services, National research center, Cairo, Egypt. 

 
Calculations of water regimes: 

 
Two levels of irrigation according to the water requirements of sweet pepper crop in the 

experimental site (50 and 100 %) were started applied 15 days after planting. Calculations of 
irrigation levels were done whereas the irrigation control was practiced via manual valves for each 
experimental plot. The total amount of irrigation water was calculated according to Food and 
Agricultural Organization (FAO) Penman- Monteith (PM) procedure, FAO 56 (Allen et al., 1998). 
The potential evapotranspiration was calculated as follows: 

                                                                                                                                                                      (1) 
 
 
 

Where: 
ET0 =  reference evapotranspiration [mm day-1] U2 =  wind speed at 2 m height (m s-1) 
Rn =  net radiation at the crop surface (MJ m-2 day-1) es   =  saturation vapor pressure (kPa) 

G =  soil heat flux density (MJ m-2 day-1) ea   =  actual vapor pressure (kPa) 

T =  air temperature at 2 m height (°C) γ   =  psychometric constant (kPa °C-1) 
Δ = slope vapor pressure curve (kPa °C-1)    

 
The second step was to obtain values of crop water consumptive use (ETcrop) as described by 

Doorenbos and Pruitt (1977), since the crop evapotranspiration (ETcrop) was calculated as follows: 
ETcrop = ET0 Kc    ……   mm / day                         (2) 

Where: 
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ET0 = The rate of evapotranspiration from an excessive surface of green cover of uniform height 
(8 to 15 cm), actively growing, completely shading the ground and did not suffer water shortage. 
Kc = Crop coefficient (between 0.6 to 1.2). 

Water requirements (WR) for each treatment were calculated as following: 
WR = ETcrop LR %  ..................mm / day                      (3) 

Where: 
LR % = Leaching requirement percentage (22% of the water requirement based on the Leaching 

Fraction equation – according to equation 5). 
Irrigation requirement (IR) was calculated as follows: 

IR = WR  R *4200/1000  …………(m3/fed/ day)         (4) 
Where: 
 R = Reduction factor for drip irrigation that only covers a part of land and the rest dry leaves. It 

was recommend by Doorenbos and Pruitt (1977) to use R value which ranges between 0.25 and 0.9 
for drip irrigation system. 

The total amount of irrigation water was measured by water flow-meter for each treatment. Table 
(2) shows the seasonal irrigation quantities for sweet pepper plants under both different irrigation 
treatments at the experimental site during the two seasons. Plants were irrigated by using drippers 
with 4 L h-1 capacity. The fertigation technique was used. Leaching requirements was calculated 
based on Allen et al., (1998). 
LF = ECiw / ECd                (5) 

Where: 
LF    = leaching fraction 
ECiw = Electrical conductivity of irrigation water (0.35 dS/m). 
ECd  = Electrical conductivity of drainage water salinity threshold. 

 
Amount of used water: 

 
Total amount of the added water through the drip irrigation system was measured for each water 

regime treatment (Table 2) 
 

Table 2: Average amounts of applied water (m3fed-1) in the seasons of 2014/2015 and 2015/2016. 

 Date 

Irrigation treatments (m3fed-1) 
50% of water  
requirements 

(Drought) 

Average of daily 
requirements 

100% of water  
requirements 

(Control) 

Average of daily 
requirements 

Nov 01- 06  6.89 1.15 6.89 1.15 
Nov 07-10  6.11 1.53 6.11 2.6 
Nov 11- 15  7.83 1.56 7.83 3.4 
Nov 16-21  11.04 1.84 11.04 1.84 
Nov 22-27  11.20 1.86 11.20 1.86 
Nov 28-Dec 4  15.72 2.24 15.72 2.24 

Starting date of both different  irrigation treatments 
Dec 5-12  10.86 1.36 21.72 2.72 
Dec 13-21  14.98 1.66 29.97 3.32 
Dec 22-31  20.39 2.04 40.78 4.04 
Jan  01-10  20.90 2.09 41.80 4.06 
Jan  11-20 21.16 2.11 42.32 4.22 
Jan  21-29 23.25 2.58 46.50 5.16 
Jan  30-Feb 7 23.90 2.65 47.80 5.30 
Feb  8-17 26.84 2.68 53.68 5.36 
Feb 18-Mar 4 56.52 3.77 113.04 7.54 
Mar 5-30  109.35 4.20 218.70 8.40 
Mar 31 0.0 0.0 0.0 0.0 
Total (m3 fed-1) 386.94 35.32 715.1 63.21 
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Foliar application: 
 

Sweet pepper plants were subjected to the foliar application of distilled water as a control and 
CaCl2 at 5 and 10 mM, tween 20 at 0.05 ml L-1 was used as a wetting agent. The foliar applications 
were done two times: the first on the 30th day from transplanting (4 days before starting water stress) 
to help plants to assimilate CaCl2 in their tissues before exposing to water deficit and the second on 
the 60th day  from transplanting before flowering. 
 
Fertilization and cultural management: 

 
During the preparation of experimental soil, 20 m3/fed compost and 150 kg/fed P as calcium 

superphosphate (15.5%  P2O5) were added. After that, 150 kg/fed N as ammonium sulfate (20.5% N) 
and 75 kg/fed K as potassium sulfate (48% K2O) were applied through 8 equal doses with water 
irrigation every 15 days. All the other cultural processes, disease and pest control programs were 
followed according to the recommendations of the Egyptian Ministry of Agriculture.  
 
Growth parameters: 

 
The following parameters were measured after 75 days from transplanting: shoot fresh and dry 

weights (g/plant), the samples were dried in air-forced ventilated oven at 70 ○C until a constant weight 
(A.O.A.C., 2000), number of leaves/plant, total leaf area (cm2/plant), fruits number/plant, mean of 
fruit weight (g/plant) and early yield (Kg/plant). Total yield (Kg/plant) was measured after 150 days 
from transplanting. Six plants were taken from each treatment to calculate the mean of each 
measurement. 
 
Biochemical analyses: 
 
Proline concentration: 

 
Proline concentration was determined using a ninhydrin colorimetric method of Troll and 

Lindsley (1955) as modified by Peters et al. (1997). The proline concentration was calculated from the 
standard curve of L-proline and expressed as µmol proline/g dry weight. 
 
Total soluble sugar:  

 
Total soluble sugars were estimated by the phenol sulphoric acid method as described by Chow 

and Landhausser (2004). 
 
Total soluble protein: 

 
Total soluble protein was extracted using 0.1 M potassium phosphate buffer (pH 7.0) and 

determined according to the method of Bradford (1976). 
 
Ascorbic acid concentration: 

 
Ascorbic acid was determined using the method of 2, 6 dichlorophenol indophenols according to 

Ranganna (1979). 
 
Ca2+ concentration: 

 
Dry fruits were grounded and digested using sulphoric acid and hydrogen peroxide. Fruit mineral 

concentrations of Ca2+ were determined according to Cottenie et al., (1982). 
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Blossom-end rot percentage: 
 

Observations were taken through each collect for blossom-end rot (BER). Rate of the 
physiological unrest was calculated as present fruits demonstrating any size of injury of BER 
(Trinklein and Lambeth, 1976). 

 
 
Chlorophyll a, b and carotenoids: 
 

Chlorophyll (Chl a & b) and carotenoids (Car) were extracted and estimated as per the strategy 
portrayed by Costache et al., (2012). Formula and extinction coefficients were calculated using the 
following equations and expressed as mg/g fresh weight:  

Chlorophyll a = 11.75 A662 – 2.350 A645  
Chlorophyll b = 18.61 A645 – 3.960 A662  
Carotenoids   = 1000 A470 – 2.270 Chl a – 81.4 Chl b/227.  

 
Enzyme assays:  

 
Leaf tissue (500 mg) was homogenized with cold sodium phosphate buffer (100 mM, pH= 7.0) 

containing1% (w:v) polyvinylpyrrolidon (PVP) and 0.1mM EDTA. The extraction ratio was 4 ml 
extraction buffer for each 500 mg leaf tissue. The homogenate was centrifuged at 4500 rpm at 4 °C 
for 15min and supernatant obtained was used as enzyme extract. The supernatant was used for 
measurement of peroxidase (POD) (EC 1.11.1.7) activity. The activity was quantified the method of 
Dias and Costa (1983) and expressed as ∆OD/min/g fresh weight.  
 
Statistical analysis: 

 
The obtained results were subjected to factual investigation of difference as indicated by the 

strategy portrayed by Snedecor and Cochran (1982) by using (SAS, 2003) computer program and 
means were compared by LSD method.  
 
Results: 
 
Growth parameters: 
 

The effect of CaCl2 treatments and irrigation levels on the growth parameters of sweet pepper is 
illustrated in Tables (3 and 4). The results indicated that the general trend of most growth parameters 
were gradually increased significantly by  application of CaCl2 concentration (5 or 10 mM) under 
both irrigation regimes, while the normal irrigation level (unstressed) showed significant increment 
than drought.  
 
Table 3: Effect of CaCl2 as foliar application on shoot fresh and dry weights of sweet pepper plant under two different irrigation levels. 
  Season 2014 
 Shoot fresh weight (g/plant) ±SD  Shoot dry weight (g/plant) ±SD 
CaCl2 Control Drought Mean Control Drought Mean 
0 mM 464.57±12.80 c 360.14±36.08 d 412.35 C 157.95±04.35 c 104.44±10.46 d 131.19 C 
5 mM 538.15±30.92 b 371.28±13.28 d 454.71 B 193.73±11.13 b 106.93±03.83 d 150.33 B 
10 mM 673.46±40.01 a 392.36±31.06 d 532.91 A 242.44±14.41 a 121.63±09.62 d 182.03 A 
Mean 558.72 A 374.95 B  198.04 A 111.00 B  
 Season 2015 
 Control Drought Mean  Control Drought Mean 
0 mM 442.45±19.55 c 373.92±12.29 e 408.18 C 150.43±06.65 c 108.40 ±03.56 e 129.43 C 
5 mM 523.14±31.59 b 378.77±21.94 de 450.95 B 188.33±11.37 b 109.09±06.32 e 148.71 B 
10 mM 624.85±35.39 a 418.82±07.83 cd 521.83 A 224.94±12.74 a 129.83±02.43 d 177.38 A 
Mean 530.14 A 390.50 B  187.90 A 115.78 B  
Means followed by different letters are significantly different at LSD 5%. 

 
Shoot fresh and dry weights are the most important parameters for measuring the efficiency of 

the crop. The data in Table 3 showed that all the foliar application by CaCl2 increased significantly 
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shoot fresh and dry weights when compared to the control. The highest shoot fresh and dry weights 
were recorded with 10 mM CaCl2 in both seasons (532.91 & 182.03 and 521.83 & 177.38 g/plant), 
respectively. Plants not exposed to drought (unstressed) achieved the most significant value of fresh 
and dry weights in both seasons (558.72 & 198.04 and 530.14 & 187.90 g/plant), respectively. As for 
the interaction, unstressed plants sprayed with 10 mM CaCl2 recorded the highest significant value of 
fresh and dry weights in both seasons (673.46 & 242.44 and 624.85 & 224.94 g/plant), respectively, 
whereas; CaCl2 concentrations levels nearly did not reach the level of significance of fresh and dry 
weights under drought stress in both seasons. 

It is clear that the foliar application with 10 mM CaCl2 achieved maximum number of 
leaves/plant and total leaf area above the rest of treatments to reach the 5% level of significance in 
both seasons (Table 4). On the other hand, the unstressed plants showed significant differences in 
number of leaves and total leaf area in both seasons (206.82 & 196.44 leaves/plant) and (6405.55 & 
6420.11 cm2/plant), respectively. It is evident that unstressed plants sprayed with 10 mM CaCl2 
recorded significant increment in the leaves number and total leaf area against the other treatment in 
both seasons. But as can be seen from the table, CaCl2 treatments slightly showed an increasing in the 
leaves number on the plants under drought stress in both seasons.  
 
Table 4: Effect of CaCl2 as foliar application on number and total area of sweet pepper leaves under two different irrigation levels. 
  Season 2014 
 Number of leaves/plant ±SD  Total leaf area (cm2/plant) ±SD 
CaCl2 Control Drought Mean Control Drought Mean 
0 mM 190.67±05.03 b 146.33±14.84 c   168.50 B 6150.67±207.94 bc 4728.67± 466.11 e   5439.67 B 
5 mM 200.80±11.79 b 159.00±05.57 c   179.90 B 6286.67±356.61 b    5503.00±084.93 d   5894.83 A 
10 mM 229.00±13.23 a 162.00±12.53 c   195.50 A 6779.33±224.97 a    5691.67±079.03 cd 6235.50 A 
Mean 206.82 A 155.77 B  6405.55 A 5307.78 B  
 Season 2015 
 Control Drought Mean  Control Drought Mean 
0 mM 181.67±08.02 bc 152.00±05.29 e    166.83 C 5903.00±397.67 c 4998.00±204.08 d 5450.50 C 
5 mM 195.33±12.22 b    161.90±09.64 de 178.61 B 6468.33±134.21 b 5583.67±184.68 c 6026.00 B 
10 mM 212.33±11.85 a    173.10±03.46 cd 192.71 A 6889.00±160.78 a 5842.67±114.82 c 6365.83 A 
Mean 196.44 A 162.33 B  6420.11 A 5474.78 B  
Means followed by different letters are significantly different at LSD 5%. 

 
Yield parameters: 

 
Data in table (5) indicated that both concentrations of CaCl2 did not give any significant 

differences on fruits number comparing with the control plants in the first season. While in the second 
season, both of the two concentrations showed significant increase than the control but not between 
both of them. Also, the unstressed plants showed significant difference in fruits number in both 
seasons (37.77 and 38.33), respectively as compared to stressed plants. Meanwhile the interaction 
between treatments even showed no significant differences or decrease in the number of fruits 
number/plant as compared to the control in the first season. On the contrary, in the second season, the 
interaction between unstressed plants and 10 mM CaCl2 recorded the highest significant value (41.33). 

Concerning the effect of foliar applications in the mean of fruit weight, both concentrations of 
CaCl2 achieved significant increment in both seasons against the control. It is also clear that 10 mM 
CaCl2 achieved the highest value of the mean fruit weight under the two levels of irrigation. 
 

Table 5: Effect of CaCl2 as foliar application on number and weight of sweet pepper fruits under two different irrigation levels. 
  Season 2014 
 Fruits number/plant ±SD  Mean of fruit weight (g/plant) ±SD 
CaCl2 Control Drought Mean Control Drought Mean 
0 mM 38.33±2.31 a 29.67±1.53 c 34.00 AB 095.67±3.99 c 73.17±5.12 e 84.42 C 
5 mM 38.00±1.00 a 33.67±2.08 b 35.83 A 103.23±4.53 b 77.37±4.70 e 90.30 B 
10 mM 37.00±0.00 a 28.67±3.79 c 32.83 B 114.50±2.52 a 85.23±3.30 d 99.86 A 
Mean 37.77 A 30.67 B  104.46 A 78.59 B  
 Season 2015 
 Control Drought Mean  Control Drought Mean 
0 mM 35.67±0.58 bc 32.33±1.53 d 34.00 B 093.53±2.59 b 73.90±6.33 c 83.71 B 
5 mM 38.00±2.00 b 36.00±1.00 bc 37.00 A 108.20±1.73 a 79.13±2.20 c 93.66 A 
10 mM 41.33±2.52 a    33.67±1.53 cd 37.50 A 107.90±7.32 a 80.77±3.67 c 94.33 A 
Mean 38.33 A 34.00 B  103.21 A 77.93 B  
Means followed by different letters are significantly different at LSD 5%. 
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Regarding the early yield or total yield (Table 6), it is evident that application of 5 and 10 mM CaCl2 
recorded significant increase in the early yield or total yield of sweet pepper fruits in both seasons. By 
the same token, fruit production decreased in drought plants with regard to non-drought stressed 
plants in both seasons. This reduction was due to a decrease in the number of fruits/plant. 
 
Biochemical constituents: 

 
It is clear from the data in Table (7) that foliar application with the two concentrations of CaCl2 

showed significant decrement in proline concentration against the untreated plants or the plants under 
stress (drought) in both seasons. In the same way, the foliar applications of CaCl2 led to significant 
increment in the total soluble sugars and total soluble protein under both examined irrigation regimes. 
Moreover, the plants that have been subjected to drought recorded significant increase in both proline 
and total soluble sugars than unstressed plants; the reverse was true for the unstressed plants which 
detected significant increment in the total soluble protein in both seasons.  
 

Table 6: Effect of CaCl2 as foliar application on yield of sweet pepper fruits under two different irrigation levels. 
  Season 2014 
 Early yield (Kg/plant) ±SD  Total yield (Kg/plant) ±SD 
CaCl2 Control Drought Mean Control Drought Mean 
0 mM 1.32±0.08 b    0.78±0.09 d   1.05 B 3.66±0.22 b    2.17±0.23 d    2.91 B 
5 mM 1.42±0.04 ab 0.92±0.04 c   1.17 A 3.95±0.11 ab 2.57±0.11 c    3.26 A 
10 mM 1.53±0.03 a    0.88±0.88 cd 1.20 A 4.25±0.08 a    2.40±0.29 cd 3.32 A 
Mean 1.42 A 0.86 B  3.95 A 2.38 B  
 Season 2015 
 Control Drought Mean  Control Drought Mean 
0 mM 1.14±0.04 c 0.81±0.10 d 0.97 C 3.37±0.12 c 2.40±0.29 e 2.88 B 
5 mM 1.55±0.07 b 1.11±0.04 c 1.33 B 4.09±0.18 b 2.85±0.09 d 3.47 A 
10 mM 1.83±0.04 a 1.16±1.16 c 1.49 A 4.46±0.09 a 2.71±2.71 d 3.58 A 
Mean 1.51 A 1.03 B  3.97 A 2.65 B  
Means followed by different letters are significantly different at LSD 5%. 

 
Table 7: Effect of CaCl2 as foliar application on biochemical properties of sweet pepper fruits under two different irrigation levels. 
 Season 2014 
 Proline (µmol/g D.Wt) ±SD  

 
Total soluble sugars (mg/g D.Wt) 
±SD 

 
 

Total soluble protein (mg/g F.Wt) 
±SD 

CaCl2 Control Drought Mean Control Drought Mean Control Drought Mean 
0 mM 21.25±0.09 d 38.80±2.11 a 30.02 A 43.39±2.62 d 59.52±3.59 b 51.45 C 2.32±0.39 bc 1.90±0.12 c 2.11 B 
5 mM 18.58±0.42 e 33.63±1.17 b 26.10 B 51.43±1.68 c 68.68±2.24 a 60.05 B 2.72±0.30 ab 2.04±0.20 c 2.38 AB 
10 mM 16.31±0.58 f 28.94±0.55 c 22.62 C 54.99±1.38 c 72.40±1.81 a 63.69 A 2.85±0.15 a 2.11±0.08 c 2.48 A 
Mean 18.71 B 33.79 A  49.93 B 66.86 A  2.63 A 2.02 B  
 Season 2015 
 Control Drought Mean  

 
Control Drought Mean  

 
Control Drought Mean 

0 mM 19.73±0.50 d  35.19±2.53 a 27.46 A 38.16±2.32 d  52.35±3.18 b 45.25 B 1.88±0.18 c 1.74±0.09 c 1.81 C 
5 mM 17.36±0.46 de 30.43±3.54 b 23.89 B 48.37±0.94 c  64.59±1.25 a 56.48 A 2.26±0.14 a 1.89±0.14 c 2.07 B 
10 mM 15.62±0.49 e   24.99±0.39 c 20.30 C 50.05±1.46 bc 65.88±1.92 a 57.96 A 2.46±0.17 a 2.20±0.03 b 2.33 A 
Mean 17.57 B 30.20 A  45.52 B 60.94 A  2.20 A 1.94 B  
Means followed by different letters are significantly different at LSD 5%. 

 
Fruits quality parameters: 

 
Observations relating to incidence of BER in fruits are shown in Table (8). It is clear from the 

observations that there was a significant decrease with increasing CaCl2 concentration regarding 
incidence of BER in fruits at 100% of fruits production under the two irrigation levels in both seasons. 
Minimum percentage of BER incidences in fruits was produced by CaCl2 at 10 mM under the normal 
irrigation level in both seasons (1.60 and 1.48 %), respectively. BER incidence increased with drought 
stress, also the CaCl2 treatments led to reduction the incidence of BER, although it did not reach the 
same percentage of the non-stressed plants. 

Data presented in Table (8) showed that in fruits of C. annuum, the ascorbic acid and Ca2+ 
concentration where increased by CaCl2 as foliar application. The drought treatment had the lowest 
significant concentration of ascorbic acid and Ca2+ in both seasons.  
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 Photosynthetic pigments : 
 

Results in Table (9) showed a significant decrement in Chla, Chlb and Chla+b and Car contents in 
plants exposed to drought as compared to the control, while the Chla/b ratio and Car/Chla+b ratio 
recorded a significant increase against the control in both seasons. Generally, the application of CaCl2 

increased significantly the contents of Chla, Chlb and Chla+b as compared to the control, while there 
were no significant differences in carotenoids, chlorophyll a/b ratio and Car/Chla+b ratio in both 
reasons. Regarding the all treatments including the control, the increase in Chla, Chlb and Chla+b in 
unstressed plants which treated with 10 mM CaCl2 was highly significant in both seasons. Also, the 
lack of effect on the Chla/b ratio indicates that Chlb is not more sensitive to drought stress than Chla. 
The interactions between CaCl2 application and control or drought treatments were not significant in 
the Chla/b ratio, while in the Car/Chla+b ratio, the interaction showed significant increasing under 
irrigation levels only.  

 
Table 8: Effect of CaCl2 as foliar application on quality parameters of sweet pepper fruits. 
  Season 2014 
 BER incidence (%) ±SD  

 
Ascorbic acid (mg/100g F. Wt) 
±SD 

 
 

Ca2+ in fruits (mg/g D.Wt) ±SD 

CaCl2 Control Drought Mean Control Drought Mean Control Drought Mean 
0 mM 2.54±0.22 c 4.94±0.40 a 3.74 A 3.06±0.20 ab 2.49±0.17 d   2.77 B 0.86±0.06 c 0.62±0.01 e    0.74 C 
5 mM 1.91±0.18 d 3.51±0.34 b 2.71 B 3.11±0.15 a   2.68±0.11 cd 2.89 AB 1.05±0.08 b 0.71±0.07 de 0.88 B 
10 mM 1.60±0.20 d 3.07±0.12 b 2.33 C 3.16±0.06 a   2.81±0.10 bc 2.98 A 1.24±0.04 a 0.76±0.04 c    1.00 A 
Mean 2.01 B 3.84 A  3.16 A 2.66 B  1.05 A 0.69 B  
 Season 2015 
 Control Drought Mean  

 
Control Drought Mean  

 
Control Drought Mean 

0 mM 2.39±0.18 d 5.21±0.21 a 3.80 A 2.74±0.09 c   2.56±0.18 c   2.65 B 0.95±0.06 c 0.69±0.08 e 0.82 B 
5 mM 1.82±0.02 e 3.27±0.18 b 2.54 B 3.00±0.20 ab 2.72±0.08 c   2.86 A 1.08±0.08 b 0.76±0.04 d 0.92 A 
10 mM 1.48±0.07 f 2.93±0.16 c 2.20 C 3.12±0.20 a   2.77±0.03 bc 2.94 A 1.19±0.05 a 0.79±0.07 d 0.99 A 
Mean 1.89 B 3.80 A  2.95 A 2.68 B  1.07 A 0.74 B  
Means followed by different letters are significantly different at LSD 5%. 
 
Table 9: Effect of CaCl2 as foliar application on pigments of sweet pepper leaves under two different irrigation levels. 
 Season 2014 
 Chlorophyll a (mg/g F.Wt) ±SD  

 
Chlorophyll b (mg/g F.Wt) ±SD  

 
Chlorophyll a+b (mg/g F.Wt) ±SD 

CaCl2 Control Drought Mean Control Drought Mean Control Drought Mean 
0 mM 1.41±0.05 b 0.79±0.08 c 1.10 C 0.92±0.04 b 0.51±0.08 d   0.72 B 2.33±0.09 b 1.31±0.16 c    1.82 B 
5 mM 1.56±0.09 b 0.91±0.15 c 1.24 B 1.01±0.07 b   0.55±0.10 cd 0.78 B 2.57±0.16 b 1.46±0.25 c 2.02 B 
10 mM 1.77±0.03 a 0.94±0.08 c 1.36 A 1.16±0.03 a   0.59±0.06 bc 0.87 A 2.94±0.06 a 1.54±0.14 c    2.24 A 
Mean 1.58 A 0.88 B  1.03 A 0.55 B  2.62 A 1.44 B  
 Season 2015 
 Control Drought Mean  

 
Control Drought Mean  

 
Control Drought Mean 

0 mM 1.29±0.06 c 0.68±0.07 e 0.98 C 0.84±0.04 c   0.45±0.06 e   0.64 C 2.13±0.10 c 1.13±0.13 e 1.63 C 
5 mM 1.50±0.05 b 0.83±0.10 e 1.17 B 0.99±0.05 b 0.53±0.08 de   0.76 B 2.50±0.11 b 1.36±0.19 e 1.93 B 
10 mM 1.83±0.08 a 1.01±0.11 d 1.42 A 1.22±0.06 a   0.65±0.10 d 0.93 A 3.05±0.14 a 1.66±0.22 d 2.36 A 
Mean 1.54 A 0.84 B  1.02 A 0.54 B  2.56 A 1.38 B  
  
 Season 2014 
 Chlorophyll a/b ratio ±SD  

 
Carotenoids (mg/g F.Wt) ±SD  

 
Carotenoids/Chlorophyll a+b ratio 
±SD 

CaCl2 Control Drought Mean Control Drought Mean Control Drought Mean 
0 mM 1.53±0.01 b 1.55±0.11 b 1.54 A 0.71±0.04 a 0.60±0.03 c   0.65 A 0.30±0.03 b 0.46±0.08 a    0.38 A 
5 mM 1.54±0.02 b 1.65±0.01 a 1.59 A 0.73±0.05 a   0.61±0.02 c 0.65 A 0.28±0.04 b 0.42±0.08 a 0.35 A 
10 mM 1.52±0.01 b 1.60±0.02 ab 1.56 A 0.68±0.03 ab   0.63±0.03 bc 0.67 A 0.23±0.01 b 0.41±0.05 a    0.32 A 
Mean 1.53 B 1.60 A  0.71 A 0.61 B  0.27 B 0.43 A|  
 Season 2015 
 Control Drought Mean  

 
Control Drought Mean  

 
Control Drought Mean 

0 mM 1.53±0.01 ab 1.53±0.04 ab 1.53 A 0.77±0.04 ab   0.66±0.02 cd   0.72 AB 0.36±0.03 bc 0.59±0.09 a 0.48 A 
5 mM 1.51±0.02 ab 1.58±0.05 a 1.54 A 0.79±0.05 a 0.68±0.05 bcd 0.74 A 0.32±0.03 bc 0.51±0.09 a 0.41 A 

10 mM 
1.50±0.01 b 1.56±0.08 ab 1.53 A 0.73±0.05 

abc    
0.62±0.06 d 0.67 B 0.24±0.03 b 0.38±0.10 b 0.31 B 

Mean 1.51 B 1.56 A  0.77 A 0.66 B  0.31 B 0.49 A  
Means followed by different letters are significantly different at LSD 5%. 

 
Antioxidant enzyme: 

 
Data presented in Table (10) showed that peroxidase (POD) activity increased significantly by 

reducing the irrigation level in both seasons (0.354 and 0.362 ∆OD/min), respectively; Whereas’ the 
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CaCl2 application boosted the activity of POD under both irrigation levels in both seasons. As for the 
interaction, the plants under drought conditions with or without CaCl2 foliar applications recorded the 
highest significant activity, but these increments reached the same level of significance in both 
seasons. 
 
 
 
Table 10: Effect of CaCl2 as foliar application on POD (∆OD/min/g fresh weight) of sweet pepper leaves under two different irrigation 

levels. 
 Season 2014  Season 2015 
CaCl2 Control Drought Mean Control Drought Mean 
0 mM 0.049±0.039c 0.346±0.049a 0.198B 0.050±0.038c 0.346±0.035a 0.198B 
5 mM 0.161±0.044b 0.351±0.043a 0.256A 0.197±0.029b 0.376±0.019a 0.290A 
10 mM 0.205±0.051b 0.363±0.003a 0.284A 0.218±0.018b 0.362±0.035a 0.291A 
Mean 0.138B 0.354A  0.155B 0.362A  
Means followed by different letters are significantly different at LSD 5%. 

 
Correlation coefficient between yield or BER incidence and osmolytes or antioxidant: 

 
Osmolytes and antioxidants had been appeared to have multi-defensive capacities that could help 

the higher plants under several environmental stresses. Among these impacts: osmotic amendment, 
establishing membranes, safeguard of cell structures, signaling. The optimal exploitation and 
synthesis of these substances in the higher plants are the most essential versatile reactions against a 
few of biotic and abiotic stresses. Subsequently, it is dependably felt that there is a connection 
amongst osmolytes and cell reinforcements with each other. 

Data illustrated in Figure (1) revealed that there was an inverse significant correlation between 
yield on one side and proline on the other one, whereas, yield correlated directly and significantly 
with protein, ascorbic acid, Ca2+, Chla+b and Car. On the other hand, BER incidence was correlated 
inversely and significantly with protein, ascorbic acid, Ca2+ and Chla+b. While, BER incidence was 
correlated directly and significantly with proline and total soluble sugars. 

All the former relationships demonstrated that there were many relative linkages between the 
examined yield, BER incidence, osmolytes and antioxidants in the sweet pepper plants considering 
the present situation of this review. These communications may add to manage the metabolic 
procedures which related straightforwardly or in a roundabout way to water stretch adjustment in 
sweet pepper plants. 

 

 
Fig. 1: Combined analysis for the correlation coefficient between Yield or BER incidence and the osmolytes 

(proline, total soluble sugar, protein, ascorbic acid, Ca2+) or antioxidants (Chla+b, carotenoids, POD) as 
affected by the foliar application of CaCl2 at 0, 5 and 10 mM under two irrigation levels in the seasons 
of 2014 and 2015. 
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Discussion 
 

Plants are subjected to a few cruel natural stresses that unfavorably influence growth, 
metabolism and yield. Water stress (drought) is the most important and critical abiotic factor that 
affect plant growth and productivity of the crops (Lichtenthaler, 1996, 1998; Lawlor, 2002).  

The present study showed that drought reduced significantly growth and yield parameters of 
sweet pepper below the control. In this respect, Reddy et al. (2003) demonstrated that the leaves 
number/plant, leaf lifetime and single leaf size of ground nut were decreased by drought. Moreover, 
Manivannan et al. (2007) reported that drought stress led to reduce plant fresh and dry weights, the 
root length and leaf area of sunflower against the control. By the same token, the fresh weight was 
decreased under water stress in wheat (Rane et al., 2001), in pearl millet (Kusaka et al., 2005) and 
okra (Bhatt and Srinivasa Rao, 2005). Diminished aggregate dry weight might be because of the 
significant lessening in plant growth, photosynthesis and shelter structure as demonstrated by leaf 
senescence amid water stress in Abelmoschus esculentum (Bhatt and Srinivasa Rao, 2005; Snakar et 
al., 2007). 

Leaf area pliancy is imperative to keep up control of water use in crops. Kramer (1983) 
mentioned that decrease in leaf area by drought stress is an imperative reason for decreased harvest 
yield through decreasing in photosynthesis. Leaf area decreased under drought stress, this decrement 
happened before stomatal conductance reduced in the residual viable leaf area (Yadav et al. 2005). By 
diminishing leaf area, daylight assimilation and photosynthesis level of the plant is diminished and it 
prompts the decreasing of dry matter and plant yield (Hon-Bo et al., 2008). 

The data indicated that drought stress reduced the concentration of total soluble protein, ascorbic 
acid, Ca+2 in fruits and photosynthetic pigments (Chla, Chlb and Car.) in sweet pepper plants. On the 
other hand, drought stress increased significantly proline, total soluble sugars, BER incidence in fruits 
and POD of sweet pepper leaves against the control. Numerous studies affirm the inhibitory impact of 
drought stress on biochemical procedures, of which photosynthesis is the most critical. The impact on 
photosynthesis can be gauged from the impact on the photosynthetic pigments. The results of  specific 
studies (Manivannan et al., 2007; Mafakheri et al., 2010; Xu et al., 2013) demonstrated that drought 
stress reduced chlorophyll a, b, total and carotenoid content, they suggested that the reduce in 
pigments under water deficit condition return to the damage to chloroplasts by active oxygen species. 
In addition, Liu et al., (2011) mentioned that the most plant species under drought stress showed 
increasing in the ratio of Chla/Chlb, that increasing could be clarified as an increment of 
environmental light-harvesting complexes. While Car assumed a vital part in photoprotection (Adams 
et al., 1999; Munné-Bosch and peňuelas, 2003), the increment of Car/Chla+b ratio in sweet pepper 
under drought stress pointed a higher need of photo-protection by Car (Baquedano and Castillo, 2006; 
Elsheery and Cao, 2008). Also, Ibrahim et al., (2016) suggested that the diminishing in the sunflower 
plant carotenoids under drought stress could be referred to two reasons: (1) there was moderate 
synthesis or quick breakdown to carotenoids by the creating reactive oxygen species (ROS) or (2) 
change most of carotenoids to abscisic acid (ABA) under drought stress.  

Nayyar and Walia, 2003, showed that under water stress conditions, piling up of proline and 
soluble sugars appeared to be related with water stress resistance in wheat. In addition, Miller et al., 
(2007) mentioned that BER caused by low Ca2+ levels in drought stress which led to reduce the 
uptake and movement of Ca2+ in plant. Moreover, drought stress recorded highest POD activity in 
Pyracantha fortuneana, Rosa cymosa and Broussonetia papyrifera after twenty days of treatment (Liu 
et al., 2011).  

nts as foliar applications in pepper pla 2Results showed that the advantageous impact of CaCl
subjected to the both irrigation regimes (control and drought) has been attributed to increase 

can play a  2significantly the growth parameters and yield. A few reviews have demonstrated that CaCl
even at the moderately low levels utilized as a part of this  2treatment to enhance plant tolerance, CaCl

review, efficiently shared to the reduction of water shortage stress. These reactions could be ascribed 
ated was proposed to be a urgent minor messenger which required in the marking rel +2to that Ca

procedures to numerous protect mechanisms that are incited by water stress (Rudd and Franklin-Tong, 
treatment of the cotton leaves 2 (1997) suggested that CaCl et al.,2001; Tuteja, 2009). Also, Cheng 

can do that by securing the  2+monstrated that Caenhance the resistance to water stress and it is de
(2005) reported that 0.075  et al.,Cifrek -membrane from harm. Research work led by Vidaković
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(2010) reported that  et al.,increased significantly dry weight of duckweed plant. Rubio 2 mol/L CaCl
addition, which enhance the weight and 2+ yield reacted positively to the increment of Capepper fruit 

foliar applications led to significantly increment in the fruits  2number of fruits. In addition, CaCl
number/plant (Rab and Haq, 2012; Kazemi, 2014). Thereafter by Ibrahim et al., (2016) showed the 

foliar applications in sunflower, which led to increase leaves fresh and dry  2effect of 10 mM CaCl
weights. 

The present results showed that proline decreased in response to CaCl2 treatments (especially 10 
mM). In this respect, Xu et al., (2013) found that the accessibility of foliar CaCl2 could adjust 
endogenous proline aggregation under drought stress, in light of the fact that the leaves of plants 
under stress that were pretreated with CaCl2 gathered less proline than did the non-treated plants. 
Moreover, Jaleel et al., (2007) reported that treated drought stressed plants with CaCl2 led to decrease 
the proline concentration, the negative impact of CaCl2 on the proline may be ascribed to expanding 
the level of proline corrupting protein and diminishing the proline synthesizing enzyme by the 
exogenous use of CaCl2. 

While the concentrations of total soluble sugars and protein increased in response to CaCl2 
treatments. In this respect, Abd El-Samad (1993) reported that irrigation with CaCl2 led to strong 
increase in the content of proteins and saccharides in wheat leaves. Also, Xiang et al., (2008), who 
reported that Brassica napus leaves treated CaCl2 showed significantly increment of soluble sugars. 
Similarly, Ibrahim et al., (2016) noticed that CaCl2 foliar applications increased the soluble sugars in 
sunflower plant. The role of CaCl2 in enhancing photo synthesis might be the reason of the positive 
impact on the soluble sugars increasing under both irrigation regimes (Xu et al., 2013). 

The obtained results revealed decreases in incidence of BER by increasing CaCl2 treatments, 
which are in agreement with earlier studies reported by Bar-Tal and Aloni (2005), Michałojć and 
Dzida, (2012); Paradkiović et al., (2013) on sweet pepper and Rab and Haq, (2012); Kazemi, (2014) 
on tomato. Also, Alexander and Clough (1998) noticed that increasing Ca2+ supply led to an 
increment in extra-large pepper fruits and a decrement in BER incidence fruits. 

Regarding the ascorbic acid concentration on fruits, a slightly increment was detected while Ca2+ 
concentration on fruits was increased significantly under 10 mM CaCl2. The results are in agreement 
with the previous work of Akhtar et al., (2010) who test three CaCl2 concentrations on loquat plant 
and they found that all the CaCl2 treatments had the same effect against the control. Calcium is not 
mobile in the phloem consequently; increment the leaf content of Ca2+ was because of the exogenous 
utilization of CaCl2 instead of Ca2+ retention by roots Baker and Pilbean (2007).  

On the other hand, CaCl2 treatments increased POD activity of sweet pepper leaves comparing 
with the control. The results are also in agreement with those reported by Abdul Jaleel et al., (2007) 
demonstrated an increase of POD in Cartharanthus roseus treated with 5 mM CaCl2. 

The effect of CaCl2 foliar applications on photosynthesis can be gauged from the effect on the 
photosynthetic pigments. The obtained results revealed increments in Chla, Chlb, Chla+b, Car and the 
ratio between them by increasing CaCl2 concentrations. These results were in agreement with Ibrahim 
et al., (2016) on sunflower. Also, Mohamed and Basalah (2015) mentioned that adding CaCl2 to 
cowpea plants under salinity stress effect on enhancing the total content of photosynthetic pigments. 
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