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ABSTRACT 
 

This study was conducted at Dokki protected cultivation site, Agricultural Research Center, Giza, 
Egypt, during 2015-2016 and 2016-2017 winter seasons. Three rates of calcium nitrate i.e. 0.5, 1.0 and 
1.5% were applied as a foliar combined with three levels from soil water depletion i.e. 60, 75 and 90%, 
were used in split plot experimental design. The meteorological data was used to calculate 
evapotranspiration (ETo) according to the Penman Modified equation, whereas the Time Domain 
Reflectometry (TDR) was used in monitoring soil water content.  

The obtained data indicated that the available calcium in the soil increased as rate of foliar 
calcium increased and the soil water depletion of 75% also, was effected the calcium availability within 
the surface soil sector. The weather variables were affected by the application of various irrigation water 
depletion mainly the parameters of leaf wetness, soil and air temperature within the crop canopy area 
and turned on the evapotranspiration and water consumptive use. Irrigation water depletion at 75% 
exerted the moderate value of disturbance and distribution in soil water content within available soil 
moisture. 

The results showed that the effect of increasing foliar calcium dose from 0.5 to 1.5 g-1 led to a 
significant increase in the tomato flowering potential, yield and yield quality and decreasing 
unmarketable yield. Irrigation at 75% soil water depletion alone significantly increases tomato 
flowering potential, yield and yield quality and decreasing unmarketable yield. On the other hand, the 
interaction between irrigation at 75% soil water depletion with foliar calcium application at 1.5 g-1 
significantly increased number of clusters/plant, percentage of fruit set, number of fruits/plant, average 
fruit weight, fruits yield/plant, marketable yield/plant, total soluble solids and fruit firmness and 
decreasing unmarketable yield. 

Data also showed that tomato chemical properties such as total chlorophyll, leaf dry weight, N, 
P, K, Ca and Mg contents of the tomato leaves were affected by various irrigation soil depletion and 
foliar calcium applications beside the interaction. The highest significant values of above-mentioned 
parameters were recorded with irrigation at 75% soil water depletion and foliar calcium application at 
dose of 1.5 g-1 and the interaction between them. 
 
Key words: Foliar calcium, Calcium content, Soil water depletion, Tomato growth, yield and quality. 

 
Introduction 
 

Tomato is one of the most popular and widely grown vegetable crops in many countries. In Egypt, 
three tomato crops are produced annually: summer, nili and winter crops, with a total cultivated area of 
468.6 thousand acres and total production of 7.7 million tonnes per year (MALR, 2015). In winter crop, 
the productivity and fruit quality of tomato is limited as affected by relative unfavourable environmental 
conditions. The vegetative growth, yield and fruit quality depends on the cultivar (genetic factors) and 
the climate in which it is grown, beside an optimum supply of fertilizers (Marsici et al., 2011). In 
addition, the optimum yield and fruit quality achieved via the application of optimal fertilizer as well 
as the balance of nutrients (Ahmad et al., 2011). Consequently, calcium is an important nutrient that 
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enhances cation-anion balance with transport processes of cell membranes and assisting with extension 
of primary shoot and root systems. Furthermore, calcium also serves several functions in plants that 
play a key role in the structure of cell walls and cell membranes, fruit growth, and development, as well 
as general fruit quality (Haq and Rab , 2012). The calcium movement within the plant from the soil and 
translocated in the leaves but very little goes from the leaves to the fruit, therefore, supplemental foliar 
application of calcium is essential to vigorous leaf and root development, canopy growth as well as 
prevent physiological disorders (Del-Amor & Marcelis 2003; Passam et al., 2007 and Haq and Rab , 
2012). Microclimate condition, soil temperature and humidity are also important factors that enhance 
the mechanism of calcium uptake from the soil into the plant system. Higher transpiration and 
temperature levels enhance water uptake, thereby increasing the transport of calcium to the leaves via 
the xylem (Taylor et al., 2004). However, under such conditions, with limited soil moisture supply the 
transport of water to fruits is reduced due to competition with the leaves, and thus calcium translocation 
to fruits is also restricted, thereby increasing the physiological disorders (Adams, 2002). In contrary, 
adequate of soil water content increasing the rate of fruit transpiration relative to the leaves and this was 
more effective in increasing fruit calcium uptake than was increasing the calcium content of the soil 
solution (Alexander and Grierson, 2002). Contrarily, in greenhouse, too high levels of air humidity 
originating from energy saving measures may reduce transpiration to levels imposing calcium 
deficiency in the leaves of tomato, with subsequent loss of yield and quality (Harms, 2003). Therefore, 
the absorption availability of calcium from the soil by tomato plant is mostly concomitant related to 
adjust of the irrigation water. Adequate water balance around the root system rise to maximize water 
uptake from the soil, which regulate the stomata to allow water movement from the plant, which 
contribute the transport of calcium to fruit (Saure, 2001; Navarro et al., 2005; Passam et al., 2oo7; 
Mayfield & Kelley, 2012 and Refaie et al., 2017). 

Thus, the purpose of this publication is to improve movement of calcium from the soil through the 
different plant targets, despite the availability, to improve growth, yield and quality of tomato plant. 
This should be done, by providing appropriate moisture around plant and root system, through balanced 
irrigation, in order to provide the calcium through supplemental foliar applications. Therefore, this 
investigation aimed to determine the influence of supplemental foliar calcium application, with 
adequate irrigation water on growth and yield performance of tomato, during unfavourable weather 
conditions of winter months. 
 

Materials and Methods  
 
Experimental layout: 
 

This study was conducted at the experimental site of the Central Laboratory for Agricultural 
Climate (CLAC), Agricultural Research Centre (ARC), Dokki, Giza Governorate (30° 03` N latitude, 
31° 20` E longitude), under net plastic house, during two successive seasons (2015-2016 and 2016-
2017). Tomato seeds, (Lycopersicon esculentum) F1 hybrid (Agiad 7) locally produced by Horticultural 
Research Instated (HRI), were sown on September 15th and transplanted, at four-leaf stage, during 
October in the two growing seasons. Row-to-row distance and plant-to-plant distances were 75 cm and 
50 cm, respectively. Standard net house, with total area of 540 m2 (9 m width x 60 m length), was 
divided into three equal parts. A vertical plastic sheet, surrounded each part area of 180 m2 (9 m width 
x 20 m length), was used to isolated each part in order to control the environmental conditions.  

A mixture of (100 kg of calcium super phosphate, 25 kg of ammonium sulphate, 15 kg of sulphur, 
50 kg of potassium sulphate, 5 kg of magnesium sulphate, and 5 m3 of compost per 540 m3 net house 
area) was added as a starter, two weeks before transplanting (VERCON, 1998). All the other agriculture 
practices were performed according to the standard recommendations for commercial growers by 
(Tomato Protected under Plastic houses, 1990). 

The physical and chemical analyses were estimated according to A.O.A.C., 2005. The 
characteristics of the soil, before adding the mixed fertilizer and after growing seasons, were presented 
in Table (1).  
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Table 1: Some physical and chemical properties, of different soil profile, before and after experimental seasons, 
at Dokkie site. 

Soil depths 
(cm) 

Ec 
(ds m-1) 

Organic 
matter (%) 

CaCO3 
(%) 

Soil reaction 
pH 

Total N 
(%) 

Available P 
(mg/kg) 

Available K 
(mg/kg) 

  0 - 15 2.80 1.35 1.27 7.83 0.14 50 190 
15 - 30 3.27 1.30 1.40 7.86 0.11 13 190 
30 - 45 3.67 1.12 1.81 8.03 0.11 19 210 

  0 - 15 3.41 2.80 1.85 7.93 0.16 56 218 
15 - 30 3.52 2.70 2.20 8.01 0.13 15 226 
30 - 45 2.32 2.38 2.25 8.02 0.14 22 252 

     *At 0.33 mbar   ** At 15 mbar 

Weather conditions: 
 

The following meteorological variable data were recorded daily throughout the crop growing 
seasons inside and outsit the net house: maximum and minimum air temperature, air relative humidity, 
wind speed, soil temperature and radiation, using meteorological station located at Dokki site. The 
meteorological data, used to calculate evapotranspiration (ETo) according to the equation of Modified 
Penman (FAO, 56), are presented monthly in Table 2. Daily average air and soil temperature at 15 cm 
depth was recorded using digital device, and leaf wetness was recorded by using the meteorological 
station for each part of the experiment during the same period of growth stages.  
 
Table 2: Monthly average climatic data under net house condition and open field in Dokki site during two growing 

seasons of 2015-2016 and 20016-2017. 
 

                                   First season Second season 

Month Oct Nov Dec Jan Feb Mar Apr Oct Nov Dec Jan Feb Mar Apr 
                           Open field 

Temp. C° 
Max 35.9 31.6 30.5 27.2 30.6 36.8 38.8 35.3 28.3 22.8 22.3 30.7 33.8 40.0 
Min 14.1 9.9 5.8 3.6 5.4 8.4 9.8 13.1 12.1 7.0 1.6 5.5 10.5 14.9 

RH_AVG % 57.0 65.0 67.0 57.0 56.0 56.0 48.0 59.0 65.0 68.0 62.0 58.0 47.0 44.0 
Wind speed (m/sec) 0.4 0.3 0.3 0.5 0.5 0.7 0.8 0.6 0.4 0.4 0.5 0.5 0.7 0.8 
Soil temp. AVG C° 24.2 20.1 17.7 15.1 15.2 18.1 22.1 25.4 21.5 17.0 15.1 17.4 20.2 23.0 
Radiation MJ/m2 429 294 256 284 349 514 654 420 319 268 292 390 502 637 
Eto mmday-1 2.6 1.6 1.2 1.4 1.8 2.9 4.0 2.8 1.7 1.2 1.4 2.0 3.0 4.3 

                            Net house 

Temp. C° 
Max 40.8 35.6 35.8 35.6 42.7 46.5 46.4 45.7 35.2 29.4 29.3 33.8 37.9 42.7 
Min 15.0 10.0 6.0 3.8 4.6 8.6 9.7 13.5 12.4 7.6 3.1 5.1 10.6 14.9 

RH_AVG % 54.0 63.0 65.0 65.0 63.0 59.0 51.0 55.0 67.0 75.0 69.0 61.0 47.0 43.0 
Soil temp. AVG C° 26.7 23.4 19.7 16.2 17.4 21.7 23.9 29.5 23.1 18.6 15.9 17.8 19.7 25.8 
Radiation MJ/m2 49 55 102 90 118 165 208 114 113 88 130 196 186 240 
Eto mmday-1 0.7 0.5 0.2 0.4 0.7 1.1 1.5 0.9 0.5 0.2 0.2 0.7 1.1 1.7 

 

The application of treatments: 
 

The actual amount of water used for each irrigation treatments was calculated according to its 
moisture content. On the other hand, the root depth was estimated according to plant age that gave the 
maximum allowed available soil moisture. The three irrigation treatments of water depletion levels; 60, 
75 and 90% from the maximum allowed available soil moisture were arranged in the main plots. The 

    Soil moisture constants 
Particle size distribution 

Soil depths 
(cm) 

Bulk 
density 

(gm/Cm3) 

Field * 
capacity 

(%) 

Wilting** 
point 
(%) 

Available 
water 
(%) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Texture 

  0 - 15 1.21 38.17 13.30 24.87 42.30 4.70 53.00 clay 
15 - 30 1.20 42.70 17.31 25.39 39.00 3.50 57.50 clay 
30 - 45 1.21 43.80 17.80 26.00 37.50 2.90 59.60 clay 

Before 

After 
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soil moisture content for each irrigation treatments was monitored daily using Time Domain 
Reflectometry (TDR), that reached the soil moisture critical point for re-irrigation where, the apparatus 
of MP-917 Moisture Point made by ESI Environmental Sensors Inc. Victoria, British, Columbia, 
Canada was used. Control valves of the whole system adjust the irrigation processes. Water flow meters 
were fixed in each treatment to control the delivery of the amounts of irrigation water (L/treatment). 
Drip irrigation system, including drippers of 4 L/hr capacity, was used to add the quantity of water into 
the soil five cm close to the plant stem. All the experimental plots received the same amount of water 
after planting till the tomato plants was established at appearance of the first two true leaves after which 
the different irrigation managements were started. The total amounts of the irrigation water 
requirements (m3/plot) of each water treatment were 42.5, 53.1 and 70.8 during the first growing season, 
and were 43.3, 54.1 and 72.9 during the second one, respectively.  

After 30 days from transplanting date, tomato plants received three different doses from calcium 
foliar application (0.5, 1.0 and 1.5% Calcium nitrate) every week. Foliar calcium application treatments 
were arranged in sub main plots with three replicates for each treatment. All foliar pesticide practices 
were performed according to the standard recommendations for commercial growers by (Tomato 
Protected under Plastic houses, 1990). 

 
Data recorded 
 

A sample of three plants were taken from each treatment replicate, after 60  days from 
transplanting, to determine the following characteristics (i.e., plant height (cm), number of branches, 
number of leaves, fresh and dry weight of leaves (g), surrounding of main stem (cm)). Moreover, plant 
leaf area (cm2) was measured using LI- 3000 portable area meter (standard technique No. 5) and total 
chlorophyll content of the sixth mature leaf was determined using (Minolta chlorophyll meter Spad-
501). In addition, number of clusters, fruit set (%), fruits number and fruit weight, for each treatment, 
were estimated from the first harvest to the end of the season. and total (yield-kg, marketable yield-kg 
and unmarketable yield-g mainly the fruits incidence of blossom-end rot) per plant was also estimated. 
The total soluble solids (TSS) was recorded using hand refractometer on sections taken from the central 
axis of the fruit (Wills et al., 1982), while fruit firmness was measured using Magness and Ballouf 
pressure tester equipped with 3/16 inch2 plunger and adjusted in Newton (N).  

The N, P, K, Ca and Mg contents were determined in leaf samples, after drying at 70 C° in an air 
forced oven for 48 hours. Dried leaves were digested in H2SO4. The following mineral contents were 
estimated: phosphorous, potassium in the acid digested solution using colorimetric method, ammonium 
molybdate, using Spectrophotometer and flame photometer (Chapman and Pratt, 1961). Total nitrogen 
was determined by Kjeldahl method according to the procedure described by FAO, (1980). Calcium 
and magnesium contents were determined in the acid digested solution using atomic absorption 
spectrophotometer according to Chapman and Pratt, (1961). Soluble calcium (mg/100g soil) in different 
soil profile, before and after growing seasons, was determined according to A.O.A.C., (2005). The 
obtained results of the leaf chemical analysis were compared to the optimal limits according to Jones, 
et al., (1991).  

 
Data analysis: 
 

The results were statistically analysed using F-value test and the means were compared by the 
L.S.D at the level of 5% probability using MSTATC computer program. 
 
Results and Discussion 
  
Available calcium in the different soil profile  

The quantity of soluble calcium of the various treatments was measured in each treatment at the 
three soil profile depths 0-15, 15-30 and 30-45 cm (Table 3). Data showed the periodic variation in 
availability of calcium contents in different soil profile depths, which occurred due to plant use and 
irrigation water amount before and after treatments. It is clear from the obtained data that the value of 
soluble calcium after treatment applications were higher than before treatment, In addition, the first 
layer of soil profile (0-15 cm depth) contained the highest value of soluble calcium compared with the 
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other two soil profile layers. 
Results of irrigation at the level of (75%) from soil water depletion indicated that the main values 

of the available calcium in the layer of 0-15 cm has the highest value as compared to second and third 
layers of 15-30 and 30-45 cm. In addition, the same application treatment (75% soil water depletion) 
recorded the highest value of calcium availability as compared to the other two irrigation treatments. 
However, the lowest value was recorded with irrigation of 90% from soil water depletion. The lowest 
value was at 0.5 g m-1 foliar calcium within the 30-45 soil profile.  

Interaction between irrigation at differed soil water depletions and foliar calcium applications 
exhibited that, the highest value of calcium availability was estimated in the soil profile 0-15 cm at 75% 
soil water depletion with 1.5 g m-1 foliar calcium application. The lowest one was recorded in the third 
layer of 30-45 cm at 90% soil water depletion with 0.5 g m-1 foliar calcium application.  
 
Table 3: Soluble calcium (mg/100 g soil) in the different soil profile before and after the experiment. 

Soil depths 

(cm) 
Before 

After 
Soil water depletion level 

90% 75% 60% 
Foliar calcium application g m-1  

0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5 
00  - 15 131.8 152.0 161.5 168.4 186.4 193.2 251.5 172.3 189.6 215.2 
15 - 30 111.6 118.8 120.2 119.1 141.1 166.3 167.4 116.6 123.8 131.4 
30 - 45 065.9 069.1 075.6 072.7 079.9 074.2 080.3 071.6 075.6 076.0 

 
In general, the values of available calcium in the first layer of 0-15 cm soil depth were around the 

limitation amount of medium to high available calcium (The Trade Corporation International, 
S.A.,2010). The limited value of medium amount of calcium is 180 and the high value is 240 mg/100g 
soil. At the same time, irrigation at the depletion level of 75% with 1.5 g m-1 foliar calcium application 
exerted the moderate value of disturbance and distribution in soil water content within available soil 
moisture (Figure 1) that gave rise to the optimum water in the soil through soil sectors and around the 
root distribution, thereby stimulating calcium availability. Moreover, with the sufficient irrigation water, 
the partial stomatal closure may reduce the water use and at the same time maintained crop net 
photosynthesis, as the stomatal resistance together with the boundary layer resistance is the major 
controlling resistance for transpiration that enhanced mineral uptake and translocation in the different 
plant parts (Saure, 2001 and Shahnazaria et al., 2007). In addition, improve soil available calcium could 
be attributed to the crop canopy received the amount of calcium foliar and thin the solution drop down 
at the soil surface which penetrated into the first soil sector (Ahmad et al., 2011 and Rab & Haq, 2012).    
 
Weather variables 

The results of weather conditions during this study are shown in Table (4). They represent monthly 
average air and soil temperature at 15 cm depth and leaf wetness at different depletion level of irrigation 
in the two seasons of 2015-2016 and 2016-2017. The mean air temperature in both seasons got down 
gradually from the beginning of the growing season on October till it reached a bottom at January then 
it get up at the end of the season at April. During the two growing seasons, the irrigation depletion level 
at 60% was hotter than the two other irrigation treatments where the treatment of 75% depletion level 
had the moderate temperature. 

Soil temperature, during the two growing seasons, reflected that plant roots received a fairly high 
amount of temperature at the beginning and end of the growing seasons, as compared to mid seasons. 
Moderate soil temperature was recorded with irrigation depletion level at 75%, which reflects the 
moderate disturbance and distribution of water within root zone. 

The average leaf wetness of the two experimental seasons showed the actual condition of moisture 
that prevailed during the two growing seasons. It is obvious that the beginning and end of growing 
seasons were drier than the other periods of the growing seasons. The humidity around plant leaves 
generally changed from planting in October up to start production in the beginning of January 
representing 80% more than the beginning of both growing seasons. Irrigating at 75% soil water 
depletion was the moderate humidity around the plant leaves than the other two irrigation treatments in 
both the two growing seasons, that reflected better environmental conditions within the plant canopy 
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area, which positively affected physiological processes and plant evapotranspiration and turned on 
calcium availability in the soil (Table 3). 

Changes in leaf wetness, soil and air temperature within the crop canopy depended directly on the 
amount of water added in the soil and quantity of water evaporated from the soil plus that from the 
wetted foliage and transpiration. Therefore, adequate soil moisture with moderate irrigation frequency 
enhances vapor pressure and then follows the evapotranspiration, that contribute to soil and air humidity 
conditions around the plant parts (Eaglemen, and Ecker, 1965; Carter, et al., 1975 and Kramer, 1977) 
 
Table 4: Monthly average air and soil temperature at 15 cm depth (C°) and leaf wetness (min) in Dokki site during 

two growing seasons of 2015-2016 and 20016-2017. 

 Air temperature (°C) Soil temperature  at 15 cm (°C) Leaf wetness (min) 

 
Soil water depletion level 

     60% 75% 90% 60% 75% 90% 60% 75% 90% 

F
ir

st
 s

ea
so

n
 

Oct 29.9 24.8 25.7 26.7 24.6 21.9 1722 2296 2870 
Nov 25.1 22.1 22.8 23.4 21.1 20.4 9389 11736 14670 
Dec 20.9 18.8 18.2 19.7 17.1 15.4 8443 12061 17230 
Jan 19.7 18.3 17.7 16.2 14.6 13.6 8678 11571 16530 
Feb 23.7 19.9 21.3 17.4 15.7 13.2 9786 12232 15290 
Mar 27.6 23.1 24.0 21.7 18.9 15.9 8046 11494 15325 
Apr 28.1 24.7 24.7 23.9 21.0 18.5 6375 7969 10625 

S
ec

on
d

 s
ea

so
n

 Oct 29.6 28.1 28.1 29.5 28.0 26.6 3808 4480 5270 
Nov 23.8 21.4 21.9 23.1 21.3 19.1 8630 10788 13485 
Dec 18.5 17.6 16.1 18.6 16.2 15.4 13085 15394 20525 
Jan 16.2 13.9 14.6 15.9 14.3 12.3 10655 14207 20295 
Feb 19.5 17.5 16.5 17.8 15.1 13.6 7809 9761 13015 
Mar 24.3 21.8 21.8 19.7 17.7 16.0 8389 11984 14980 
Apr 28.8 25.3 25.1 25.8 22.4 19.8 7227 9034 12045 

 
Soil water content 

According to the Food and Agriculture Organization of United Nations (FAO, 2005), tomato plant 
has four growth stages: Initial, Development, Mid and Late stages. Timing and duration of these growth 
stages depended on cultivar and environmental factors, such as elevation, temperature, soil, moisture 
availability and geographic location. Fig. (1) illustrates the percentage of soil water contents before and 
after irrigation status at different profile depths of the clay soil during the two growing seasons of 2015-
2016 and 2016-2017. Soil water contents (%) of all the treatments was measured at the three profile 
depths 0-15, 15-30 and 30-45 cm. The percentage was close to the wilting point (16%) before irrigation 
while it tended to be close to field capacity (41%) where, the available water (27%) after irrigation. The 
curves showed periodic variation in soil water contents at various depths, around plant root zone, which 
occurred in response to plant use and irrigation.  

Concerning the first treatment of irrigation water depletion at 60% it was shown that, the main 
values of the soil water content at available water in the upper layer 0-15 cm has the lowest value as 
compared to both the second (15-30 cm) and third (30-45 cm) layers. The data of soil water contents 
exhibit low disturbance at the first stage of plant growth (start) that related to irrigation frequency and 
plant use. However, in the other three plant stages the disturbance were more than the previous initial 
stages. The distribution of water contents covered all three profile sectors within the limitation of 
available soil moisture. 

Regarding the second treatment of irrigation water depletion at 75%, the layer 30-45 cm has the 
higher value of the water content compared to the other soil layers and this value was within the field 
capacity and around the available water. The other two layers of soil profile 0-15 cm and 15-30 cm have 
moderate value of water contents. However, the soil water content was characterized with moderate 
values of disturbance and distribution in all the plant stages.   

The third treatment of irrigation water depletion at 90% show that layers 0-15 cm and 15-30 cm 
depth has the lowest value of the water content compared with layer of 30-45 cm. The value of water 
content of the three profile depths located within the field capacity and very near to the available water. 
The view pointed that the soil water contents possessed low value of disturbance and distribution all 
over the plant growth stages.  
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Generally, it is clear that irrigation water depletion at 75% exerted the moderate value of 
disturbance and distribution in soil water content within available soil moisture, in both seasons,, which 
gave rise to the optimum water quantity through the soil sectors and around the plant root distribution. 
In addition, irrigation water depletion at 60% gave low disturbance in the soil water content of the soil 
profile 0-15 cm depth, which makes the soil surface very dry for long time while the soil profile of 30-
45 cm depth was very high in water content that induced saturation condition. On the other hand, the 
soil received more quantity of water at the beginning of irrigation, which led to state of soil surface 
runoff. Simultaneously, in the two growing seasons the method of irrigation water depletion at 90% 
gave high disturbance of the water contents especially at the surface layer, which led to state of wetted 
surface area than the other soil profile that collected the actual plant root zone. 

Finally, water plays a paramount importance in plant life. Water acts as a solvent in which all plant 
nutrients dissolve; it’s a translocation agent of food materials to all plant parts. It keeps plant cells turgid, 
and helps plant roots penetrate in the soil (Ervin, 1979; FAO, 1979 and Refaie, 2008). Although, 
irrigation at 90% depletion level may induce better utilization of soil water reserves through the 
promotion of root growth. However, several studies showed that partial root-zone drying increased both 
root depth and root density (Kang and Zhang, 2004) In addition to higher root hydraulic conductivity 
by restriction of water supply (Poni et al., 1992). This picture may be explained by the actual event, 
which clear that irrigation at 75% depletion level is more suitable for the penetration of tomato roots 
into the soil and enhanced root density and distribution (Kashyap and Panda, 2003). 

 

Fig. 1: Soil water contents related to depletion levels of available soil moisture during the tomato growth stages. 

 
Tomato growth parameters 

The results in Table (5) illustrate the effects of irrigation at different soil water depletion, foliar 
calcium application and their interaction, on some growth parameters of tomato plants i.e. plant height, 
No. of branches/plant, No. of leaves/plant, surrounding of main stem, fresh weight of leaf and total 
leaves area. The influence of the three levels of soil water depletion on these characteristics indicates 
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that there were differences among them. In descending order, the arrangement of the three irrigation 
levels from the initiation of the first true two leaves started with 75%, 90% then 60%, except for leaf 
area no significant difference was found between levels of 60 and 90% in the two growing seasons. 
Irrigation at 75% from soil water depletion led to significant increase in the above mentioned data. This 
tendency of the increase in the previous characteristics may be due to optimum water within actual root 
distribution, that increase the availability of soil mineral contents especially calcium.  

Increasing in foliar calcium application doses led to enhance vegetative growth. Concentration of 
1.5 g m-1 foliar calcium application gave the highest significant figures of these physical properties of 
tomato plants as compared with the other two application doses.  
 
Table 5: Effect of soil water depletion levels, foliar calcium application and their interaction on some growth 

parameters of tomato plants. 
Treatment 

Plant 
height cm 

No. of 
branches 

plant-1 

Number of  
leaves plant-1 

Surrounding of 
main stem 

(cm) 

Fresh 
weight of 
leaf (g) 

Leaf area of 
plant-1 cm2  Soil water depletion  

First season 

L
ev

el
 

%
 (

A
) 

 

60 192.1 C 6.71 C 24.3 C 4.8 C 12.4 C 567.7 B 
75 217.8 A 7.93 A 28.8 A 6.1 A 18.1 A 838.4 A 
90 200.4 B 7.62 B 26.6 B 5.3 B 15.8 B 730.3 A 

LSD at 0.05  5.3 0.11 0.5 0.3           1.5         129.0 

F
ol

ia
r 

(B
) 

 0.5 199.8 B 7.07 C 25.0 C 5.2 B 13.8 C 606.8 C 
1.0 198.1 B 7.32 B 26.0 B 5.3 B 14.9 B 722.9 B 
1.5 212.5 A 7.88 A 28.7 A 5.8 A 17.6 A 786.7 A 

LSD at 0.05  2.2 0.04 0.2 0.1     0.5 13.4 

In
te

ra
ct

io
n

  
A

*B
   

  60% * 0.5 189.2 f 6.30 h 22.9 f 4.4 f 11.6 g 468.0 h 
  60% * 1.0 190.3 f 6.70 g 24.4 e 4.9 e 12.2 g 585.0 g 
  60% * 1.5 196.9 e 7.13 f 26.0 d 5.1 d 13.5 f 650.0 f 
 75% * 0.5 207.9 c 7.50 de 27.5 c 5.8 b 15.6 d 766.7 d 
 75% * 1.0 213.6 b 7.73 c 27.7 c 5.8 b 17.7 c 851.8 b 
 75% * 1.5 232.0 a 8.57 a 31.5 a 6.6 a 21.0 a 896.7 a 
  90% * 0.5 202.4 d 7.40 e 24.7 e 5.2 d 14.6 e 585.6 g 
  90% * 1.0 190.3 f 7.53 d 26.2 d 5.1 d 14.7 e 732.0 e 
  90% * 1.5 208.5 c 7.93 b 28.6 b 5.6 c 18.2 b 813.3 c 

LSD at 0.05  3.1 0.06 0.3         0.1 0.7 19.8 
Second season 

L
ev

el
 

%
 (

A
) 

 

60 172.0 C 6.23 C 22.7 C 4.6 B 11.8 C 567.7 B 
75 216.9 A 8.01 A 29.4 A 6.2 A 19.6 A 833.4 A 
90 182.0 B 6.93 B 24.9 B 4.9 B 15.9 B 710.3 A 

LSD at 0.05  6.1    0.22    0.9                0.4               2.9   129.0 

F
ol

ia
r 

(B
) 

 0.5 163.4 C 6.06 C 22.1 C 4.5 C 13.6 C 606.8 C 
1.0 195.1 B 7.23 B 26.3 B 5.3 B 16.1 B 722.9 B 
1.5 212.5 A 7.88 A 28.7 A 5.8 A 17.6 A 786.7 A 

LSD at 0.05  3.2   0.03 0.2 
                 
0.1             0.6    15.4 

In
te

ra
ct

io
n

  
A

*B
  

  60% * 0.5 141.8 h 5.14 h 18.7 g 3.7 g 9.7 g 468.0 h 
  60% * 1.0 177.2 f 6.42 f 23.4 f 4.6 e 12.2 f 585.0 g 
  60% * 1.5 196.9 d 7.13 e 26.5 d 5.1 d 13.5 e 650.0 f 
 75% * 0.5 198.4 d 7.32 d 26.7 d 5.6 c 17.9 c 766.7 d 
 75% * 1.0 220.4 b 8.14 b 29.9 b 6.3 b 19.9 b 851.8 b 
 75% * 1.5 232.0 a 8.57 a 31.5 a 6.6 a 21.0 a 896.7 a 
  90% * 0.5 150.1 g 5.71 g 20.6 g 4.0 f 13.1 e 585.6 g 
  90% * 1.0 187.6 e 7.14 e 25.7 e 5.0 d 16.3 d 732.0 e 
  90% * 1.5 208.5 c 7.93 c 28.6 c 5.6 c 18.2 c 813.3 c 

LSD at 0.05  4.6 0.05  0.3   0.1 0.5 24.8           
* Similar letters indicate nonsignificant at 0.05 levels.  

 
The interaction between irrigation depletion level, at 75% combined with concentration of 1.5 g 

m-1 foliar calcium application, recorded the highest significant physical properties of tomato plants. 
Moderate frequent irrigations enable a volume of wetted soil to be maintained with quiet fluctuations 
in water tension. With the development of high-density root systems, minimum loss of water and 
fertilizers by leaching, were accompanied (Black, 1976). On the other side, ions move, with excess 
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irrigation water, away from injection site. This movement resulted in nutrient deficiencies in root zones 
(Bar Yousef, 1977 and Ierna and Mauromicale, 2006). From the available literature, it was clear that 
tomato plant growth parameters, including plant height and fresh weight, branches, leaf number and 
total area beside stem surrounding, subjected to different irrigation managements, were shown to be 
affected with different amounts of available soil moisture within root zone (Black, 1976 and Kashyap 
and Panda, 2003). In addition, foliar calcium application treatments were a marker in all tomato physical 
properties with penetrated calcium into plant leaf surface and translocated, or by promoting primary 
root growth, which enhances nutrient absorption. The increment in these growth parameters could be 
attributed to the much more cell division and enlargement following the adequate soil moisture and 
mineral availability into different soil sectors. These results were in agreement with those of Bonanno 
and Mack (1983); Samey (2000); Sathya et al. (2010) and Mayfield and Kelley (2012). 
 
Tomato flowering potential, yield and yield quality  

The results of using various levels of soil water depletion on the number of clusters/plant, 
percentage of fruit set, number of fruits/plant, average fruit weight, fruits yield/plant, marketable 
yield/plant, unmarketable yield/plant, total soluble solids and fruit firmness are presented in Table (6).  

 
Table 6: Effect of soil water depletion level, foliar calcium application and their interaction on flowering potential, 

yield and yield quality of tomato plants.  
Treatment

Number of 
clusters 
 plant-1 

Fruit set 
percent 

Number of 
fruits  
plant-1 

Average 
fruit 

weight (g) 

Fruits 
yield 

plant-1(kg)

Marketable 
yield plant-

1(kg) 

Unmarketable 
yield  

plant-1(g) 

Total 
soluble         
solids 
(TSS) 

Fruit 
Firmness 

 Soil water  
depletion  

First season 

L
ev

el
 

%
 (

A
) 

 

60 17.7 C 66.9 C 38.3 C 81.1 C 3.45 C 2.59 C 859.5 B 6.4 B 6.4 B 
75 23.0 A 73.9 A 59.6 A 109.7 A 7.15 A 6.79 A 470.8 C 7.9 A 8.0 A 
90 21.6 B 72.6 B 51.4 B 98.2 B 5.66 B 4.27 B 1392.1 A 5.4 C 5.6 C 

LSD at 0.05        1.0    1.0     2.2           11.7           0.23 0.18 55.1 0.94      1.60 

F
ol

ia
r 

(B
) 

 0.5 19.2 C 68.2 C 45.6 C 88.1 C 4.95 C 4.01 C 1005.5 A 5.6   C 5.8 C 
1.0 20.9 B 71.6 B 50.2 B 95.6 B 5.47 B 4.58 B 932.0 B 6.7   B 6.9 B 
1.5 22.1 A 73.6 A 53.6 A 105.3 A 5.84 A 5.06 A 784.9 C 7.3   A 7.5 A 

LSD at 0.05      0.2   0.7    1.4  1.5          0.15 0.13 16.7 0.10 0.30 

In
te

ra
ct

io
n

  
A

*B
  

 60% * 0.5 16.0 h 64.0 e 37.0 h 75.0 g 3.33 f 2.33 i 999.0 d 5.3 f 5.3   f 
 60% * 1.0 18.0 g 66.7 d 39.0 g 80.7 f 3.51 f 2.63 hi 877.5 e 6.6 d 6.6 d 
 60% * 1.5 19.0 f 70.0 c 39.0 g 87.7 e 3.51 f 2.81 g 702.0 f 7.3 c 7.4   c 
75% * 0.5 21.5 d 70.7 c 54.3 d 102.7 c 6.52 c 6.19 c 521.6 g 7.2 c 7.4   c 
75% * 1.0 23.0 b 74.0 b 60.3 b 108.3 b 7.24 b 6.88 b 506.8 g 8.0 b 8.2 b 
75% * 1.5 25.0 a 77.0 a 64.0 a 118.0 a 7.68 a 7.30 a 384.0 h 8.4 a 8.6   a 
90% * 0.5 20.7 e 70.0 c 45.3 e 86.7 e 4.99 e 3.49 f 1496.0 a 4.5 g 4.6 g 
90% * 1.0 21.7 d 74.0 b 51.3 f 97.7 d 5.65 d 4.24 e 1411.7 b 5.6 f 5.8   e 
90% * 1.5 22.3 c 73.7 b 57.7 c 110.3 b 6.34 c 5.07 d 1268.7 c 6.2 e 6.4   e 

LSD at 0.05  0.4 0.9 1.9 2.1 0.22 0.18 23.6 0.30     0.20 
Second season 

L
ev

el
 

%
 (

A
) 

 

60 16.6 C 61.1 C 34.1 C 76.6 C 3.07 C 2.32 C 750.0 B 6.2 B 7.2 A 
75 23.4 A 72.0 A 59.8 A 110.3 A 7.18 A 6.82 A 473.3 C 7.6 A 8.2 A 
90 19.5 B 64.3 B 50.4 B 96.4 B 5.54 B 4.18 B 1355.4 A 4.9 C 5.6 B 

LSD at 0.05  1.1 2.2 4.9 10.3 0.55 0.45 80.4 0.92     0.88 

F
ol

ia
r 

(B
) 

 0.5 17.0 C 56.4 C 41.4 C 81.2 C 4.55 C 3.73 C 884.5 A 5.2 C 7.2 C 
1.0 20.3 B 67.5 B 49.3 B 96.8 B 5.39 B 4.53 B 909.2 A 6.4 B 7.8 B 
1.5 22.1 A 73.6 A 53.6 A 105.3 A 5.84 A 5.06 A 784.9 B 7.2 A 0.4 A 

LSD at 0.05  0.3 0.6 1.2 1.3 0.22 0.12 27.7 0.13      0.43 

In
te

ra
ct

io
n

  
A

*B
  

60% * 0.5 13.7 i 50.4 g 28.1 h 63.1 f 2.53 g 1.77 i 758.2 e 4.8 f 7.4 e 
60% * 1.0 17.1 g 63.0 e 35.1 g 78.9 e 3.16 f 2.37 h 789.8 d 6.4 d 8.2 c 
60% * 1.5 19.0 f 70.0 c 39.0 f 87.7 d 3.31 f 2.81 g 702.0 f 7.5 b 7.5 b 
75% * 0.5 21.4 d 65.8 d 54.7 d 100.9 c 6.57 c 6.24 c 525.3 g 7.0 c 8.3 c 
75% * 1.0 23.8 b 73.2 b 60.8 b 112.1 b 7.30 b 6.93 b 510.7 g 7.7 b 8.7 b 
75% * 1.5 25.0 a 77.0 a 64.0 a 118.0 a 7.68 a 7.30 a 384.0 h 8.1 a 4.7 a 
90% * 0.5 16.1 h 53.0 f 41.5 f 79.4 e 4.57 e 3.20 f 1370.2 b 3.8 g 5.8 f 
90% * 1.0 20.1 e 66.3 d 51.9 e 99.3 c 5.71 d 4.28 e 1427.3 a 5.0 f 6.5 e 
90% * 1.5 22.3 c 73.7 b 57.7 c 110.3 b 6.34 c 5.07 d 1268.7 c 5.9 e 0.3 d 

LSD at 0.05  0.6 0.7 1.7 2.0 0.23 0.13 30.0 0.25      0.33 

* Similar letters indicate nonsignificant at 0.05 levels. 
 
The results indicate that moderate soil water depletion level 75% treatment significantly increased 

flowering, yield and yield quality of tomato plants parameters except unmarketable yield. In descending 
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order, the arrangement of the three irrigation levels significantly increase these parameters started with 
75%, 90% then 60% except total soluble solids and fruit firmness, the significant differences were 
beginning with 75%, 60% then 90% from soil water depletion levels in the two growing seasons.    

The data in Table (6) illustrate that applying foliar calcium at 1.5 g m-1 gave the highest values of 
those parameters except unmarketable yield. On the other hand, the increase in foliar calcium doses led 
to decrease unmarketable yield included incidence of blossom-end rot. 

The application of 75% soil water depletion, combined with foliar calcium application at 1.5 gm-

1, gave significantly highest flowering potential, yield and yield quality of tomato, excluding 
unmarketable yield, during the two growing seasons of 2015-2016 and 2016-2017.  

Thus, It’s clear from the obtained results that plants given high or low soil water depletion, gave 
the lowest value of important parameters of flowering, yield and yield quality of tomato plants, whereas 
plants grown under the adjust irrigation soil depletion level, i.e., irrigation at 75%, achieved the highest 
values of these parameters. All obtained results could be attributed mainly to the effect of water on some 
quantitative and qualitative changes in certain metabolic processes in the plant cells. The effect of low 
or high level of soil moisture contents, within different soil depletion levels in the present investigation, 
were in accordance with the results of Khumjing et al. (2011) on lettuce plants and Yadav and Mangal 
(1984) and Fonseca (2005) on melon. The application of foliar calcium enhances fruit set by delaying 
abscission of flowers. Meanwhile, it is likely that higher number of flowers per cluster could be due to 
sufficient levels of carbohydrates available for flower formation and fruit set in tomato (Shock, 2003 
and Abdur & Ihsan-ul, 2012). 
 
Tomato chemical properties 
 

Results in Table (7) illustrate the effects of soil water depletion levels, application of foliar calcium 
and their interaction, on some chemical properties of tomato plants during the two growing seasons of 
2015-2016 and 2016-2017. Regarding the effect of soil water depletion, data of total chlorophyll 
content, leaf dry weight, N, P, K, Ca and Mg leaves contents are presented in Table (7). 

Results also indicate that level of 75% from soil water depletion led to significant increase in the 
above mentioned properties, except Ca leaf contents in the first season, and N leaf content in the second. 
However, there were no significant differences between both 75% and 90% soil water depletion levels. 
In addition, there are no significant differences between both 60% and 90% soil water depletion levels 
as regard to leaf dry weight and leaf content of N, K and Mg in the first season and leaves content of 
chlorophyll and dry weight beside the magnesium in the second one.    

Data in Table (7), indicate also that the increase in doses of foliar calcium application gave the 
highest significant figures of chemical properties of tomato plants during the two growing seasons, 
except for chlorophyll and Ca leaf contents, there are no significant differences between both of 1.0 and 
1.5 g m-1 doses in the first one.   

The interaction between irrigation at 75% soil water depletion, combined with foliar calcium 
application at 1.5 g-1 dose, recorded the highest significant results of these chemical parameters. In 
addition, there was no significant difference between the interactions of irrigation at 75% soil water 
depletion combined with both 1.0 and 1.5 g-1 doses foliar calcium application treatment groups in N, P, 
K, Ca and Mg leaf contents during the first season and in P and Ca leaf content in the second one. 

In general, the values of chemical contents in tomato plant leaves were sufficient according to 
Jones, et al., (1991). In addition, these results coincided with that recommended for foliar calcium 
application to encourage plant growth and quality through the increase of available forms of nutrients 
(nitrates, exchangeable P, K, Ca and Mg) for tomato plant uptake (Sainz et al., 1998). Thus, increasing 
calcium metabolism in tomato fruit (Davis, et al., 2003 and Abdur & Ihsan-ul, 2012), which is essential 
for cell wall structure and function (Phene, et. al., 1990 and Del-Amor and Marcelis, 2003). 
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Table 7: Effect of soil water depletion level, foliar calcium application and their interaction on some chemical 
properties of tomato plants. 
Treatment Chlorophyll 

Spad 
Dry weight 
of leaf (g) 

N cons. 
in leaves 

P cons. in 
leaves 

K cons. in 
leaves 

Ca cons. in 
leaves 

Mg cons. in 
leaves Soil water depletion  

First season 

L
ev

el
 

%
 (

A
) 

 

60      40.6 C 1.5 B 2.1 B 0.19 B 2.0 B 2.1 B  0.31   B 
75        47.4  A 1.9 A 2.9 A 0.38 A 3.8 A 4.1 A  0.43   A 
90        44.1  B 1.6 B 2.4 B 0.29 A 2.3 B 3.2 A  0.36   B 

LSD at 0.05  2.0 0.14 0.51 0.09 0.3 1.1 0.08 

F
o

li
a

r 
(B

) 
 0.5 39.9 B 1.5 C 2.1 C 0.25 B 2.3 C 2.7 B 0.32 C 

1.0 45.9 A 1.7 B 2.5 B 0.29 A 2.7 B 3.3 A 0.38 B 
1.5 46.4 A 1.9 A 2.8 A 0.31 A 2.9 A 3.4 A 0.41 A 

LSD at 0.05  1.0 0.06 0.10 0.02 0.1 0.2 0.02 

In
te

ra
ct

io
n

  
A

*
B

  

 60% * 0.5 32.8 f 1.4 e 1.7 e 0.16 f 1.7 e 1.7 f 0.26 e 
 60% * 1.0 43.6 d 1.6 d 2.1 d 0.20 e 2.1 de 2.2 e 0.32 d 
 60% * 1.5 45.5 c 1.6 d 2.4 c 0.22 de 2.3 d 2.4 de 0.36 c 
75% * 0.5 46.2 b 1.7 cd 2.7 bc 0.34 b 3.2 b 3.7 b 0.40 bc 
75% * 1.0 46.9 b 1.9 b 2.9 ab 0.38 a 3.6 a 4.1 a 0.44 a 
75% * 1.5 49.2 a 2.3 a 3.1 a 0.40 a 3.8 a 4.3 a 0.46 a 
90% * 0.5 40.7 e 1.4 e 2.0 d 0.24 d 1.9 e 2.5 d 0.28 e 
90% * 1.0 47.2 b 1.7 c 2.5 c 0.30 c 2.4 cd 3.2 c 0.37 c 
90% * 1.5 44.4 cd 1.7 c 2.8 b 0.33 bc 2.6 c 3.5 bc 0.41 b 

LSD at 0.05  1.4 0.08 0.20 0.03 0.2 0.3 0.03 
Second season 

L
ev

el
 

%
 (

A
) 

 

60 39.7 B 1.4 B 2.2 B 0.20 C 2.1 C 2.2 C 0.29 B 
75 46.0 A 2.1 A 2.9 A 0.39 A 3.5 A 4.1 A 0.38 A 
90 38.8 B 1.5 B 2.6 A 0.30 B 2.4 B 3.2 B 0.31 B 

LSD at 0.05  3.0 0.2 0.4 0.06 0.2 0.8 0.06 

F
ol

ia
r 

(B
) 

 0.5 35.6 C 1.4 C 2.3 C 0.26 C 2.2 C 2.8 C 0.27 C 
1.0 42.6 B 1.7 B 2.6 B 0.30 B 2.7 B 3.2 B 0.33 B 
1.5 46.4 A 1.9 A 2.8 A 0.33 A 3.0 A 3.5 A 0.39 A 

LSD at 0.05  1.2 0.06 0.14 0.02 0.1 0.3 0.03 

In
te

ra
ct

io
n

  
A

*B
 

 60% * 0.5 32.7 f 1.2 g 1.9 e 0.17 f 1.6 g 2.1 f 0.23 e 
 60% * 1.0 40.9 de 1.5 f 2.3 d 0.21 e 2.3 e 2.2 ef 0.29 d 
 60% * 1.5 45.5 c 1.6 e 2.4 d 0.22 de 2.4 e 2.4 e 0.34 c 
75% * 0.5 42.1 d 1.9 c 2.7 c 0.36 b 3.1 c 3.7 b 0.33 c 
75% * 1.0 46.7 b 2.2 b 2.8 bc 0.40 a 3.5 b 4.2 a 0.38 b 
75% * 1.5 49.2 a 2.3 a 3.1 a 0.41 a 3.8 a 4.4 a 0.43 a 
90% * 0.5 32.0 f 1.2 g 2.3 d 0.24 d 2.1 f 2.7 c 0.27 d 

 
90% * 1.0 40.0 e 1.6 e 2.7 c 0.31 c 2.4 e 3.3 d 0.33 c 
90% * 1.5 44.4 c 1.7 d 2.9 b 0.35 b 2.7 d 3.6 bc 0.39 b 

LSD at 0.05  1.7 0.07 0.15 0.02 0.2 0.3 0.03 

* Similar letters indicate nonsignificant at 0.05 levels. 

Conclusion 
 

From the above mentioned results, it could be recommended that the application of 1.5 g-1 foliar 
calcium combined with irrigation at 75% soil water depletion level is the most obvious in yielding the 
highest tomato production and quality. Much of the research on tomato fruit yield and quality has 
focused on studying plant available nutrients and changes in soil structure and fertility. However, the 
most viable indicator should be the relationship between the environmental conditions and the 
availability of soil mineral contents and their monitoring. The control and modification of some 
environmental variables to be suitable to plant growth yield and quality beside unexpected agriculture 
applications are most important studies.  

From the overall results, it could be concluded that it is possible to control added irrigation water  
and to estimate the proper amount of water needed accordingly. Growers should pay attention to crop 
appearance, soil water tension, the rate of crop evapotranspiration, precipitation, and the amount of 
water applied. With knowledge of these factors, irrigation can be well managed in order to obtain high 
yields of better quality fruits along with the controlling of weather conditions within the plant canopy 
(Pereira and Shock, 2006). Consequently, it was possible to reduce water and nutrient loss, which could 
also help to reduce the environmental pollution. Furthermore, foliar calcium applications could also 
help to reduce unfavourable effect due to lack of soil elements within soil sectors.    
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