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ABSTRACT  

The effect of shading on fruit yield and quality of two tomato cultivars was investigated during the late 
summer season in two field experiments carried out during the two successive seasons of 2011 and 2012 at 
Berkash (Giza Governorate ). Three shading levels (0, 25% and 50%) and two tomato plants cultivars (GS 12 
and Marwa) were studied. The results could be summarized as follows: Shading of tomato plants significantly 
enhanced the vegetative growth of tomato plants as plant length, number of leaves and shoots per plant as 
well as plant fresh and dry weight. The best results were obtained by shading net with 50% density followed 
by 25% density as compared with control. Furthermore, Marwa cv. had a vigorous plant growth compared 
with GS12 cv. While shading increased the number of fruits per plant and total fruit yield. The maximum fruit 
yield was obtained by plants grown under 50% shading in both cultivars under study. Tomato plants grown 
under shading gave the best physical characteristics of tomato fruits (fruit length and diameter) and TSS %. 
Leaf concentrations of N, K and Ca were significantly increased with the increased shading levels. The 
highest content of N, K and Ca was observed with shading with black net at 50% density. On the contrary, 
Plants grown without shading had the highest content of P. 
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Introduction 
Tomato (Lycopersicon esculentum Mill.) is considered the most important vegetable crop in Egypt. The 

area cultivated with tomato crop amounts to 460.000 feddan (4200m2) yearly. The yearly production of tomato 
crop amounts to seven millions ton for both fresh consumption or processing and despite this Egypt imports a 
considerable amount of processed tomato products so it is of importance to try to increase fruit yield and quality. 

In the last years, climate change and increased temperature have a negative effect not only on tomato 
plants but on all vegetable crops (El-Bassiony et al. 2012). High temperature stress can be detrimental to 
tomato, resulting in reduced fruit yield and increased incidences of fruit disorders such as Sunscald and 
Blossom-end rot. Under Egyptian conditions, tomatoes are cultivated through the whole year but the 
production of tomatoes in the late summer season is limited because of unfavorable high temperature prevailing 
during flowering and fruit set (Shehata, 2013). One of the available methods to alleviate the heat stress is 
shading with nets. Shade nets are used to modify the crop microenvironment to improve plant growth and yield. 
So that, we try to minimize the effect of climate change on tomato plants by using levels of shading in the 
summer season. 

The use of shading nets has become very popular in Egypt due to the very high temperatures (35–40 
◦C) in the summer season. Netting is frequently used to protect agricultural crops from excessive solar radiation, 
improving the thermal climate (Kittas et al 2009), El-Gizawy et al. (1992) revealed that the highest productivity 
of tomato was obtained under 35% shading, and shading eliminated sunscald on fruits. However, El-Aidy and 
El-Afry (1983) mentioned that the highest tomato production was obtained under 40% shading. Shading causes 
yield increment when compared with open field production due to the increase of the average single fruit weight 
(Rylski and Spigelman,1986). 

High light intensity leads to disorders of tomato fruits (Dorais et al. 2001). Uneven ripening and 
Sunscald injury are two disorders brought on by direct effects of light on fruit. Sunscald injury of tomato fruit 
increased with irradiance and air temperature (Adegoroye and Jolliffe, 1987). Shading also resulted in less 
blossom end rot and cracked skin (Lorenzo et al. 2003). The most health promoting benefits and nutritional 
value of tomatoes have been attributed mostly to the significant amount of lycopene content. Various 
investigations suggest that lycopene plays a significant role in the prevention of different health issues such as 
chronic diseases, cardiovascular disorders, digestive tract tumors and inhibiting prostate carcinoma cell 
proliferation in humans (Levy and Sharoni, 2004). Little investigations have been found in the literature dealing 
with the contents of lycopene and carotene in tomato fruits as a response to growing conditions particularly 
variations in solar radiation and temperature. It has been reported that biosynthesis of lycopene is strongly 
influenced by environmental factors, especially daily air temperature (optimum between 22 and 25°C) and 
exposure to sunlight (Lumpkin, 2005; Dumas et al. 2003). The production of lycopene is inhibited by excessive 
sunlight (Brandt et al. 2006) and the best way to protect the fruit from direct exposure to the sun is the use of 
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photo-selective shade nets. Consequently lycopene accumulation is inhibited, mostly because of the conversion 
of lycopene into carotene (Dumas et al. 2003).  

Shading nets has been gradually implemented over the world and assessed in different crops, climatic 
regions and cultivation methods (Shahak et al.  2008). The shading nets represent an agro-technological 
concept, which aims at combining the physical protection, together with differential filtration of the solar 
radiation, for specifically promoting desired physiological responses that are light regulated. The photo-selective 
responses include fruit-set, harvesting time and fruit yield, size, color, as well as internal and external quality 
(Shahak et al., 2004, Rajapakse and Shahak, 2007). 

The aim of this work was to study tomato fruit yield and quality under three shading levels (0, 25% and 
50%) of two tomato plants cultivars. (GS12 and Marwa). 
 
Materials and Methods 

Two field experiments were carried out during the two successive seasons of 2011 and 2012 at 
Berqash (Giza Governorate) to investigate the effect of three shading levels (0, 25% and 50%) on two 
tomato plants cv. (GS12 and Marwa) using the white net penetration of about 25% of the light intensity 
and black net penetration of about 50% of the light intensity. 
The seeds were sown in foam trays contained mixture of peat-moss and vermiculite at ratio of 3:1 and the 
trays were kept in the greenhouse. Standard agricultural practices for tomato seedlings production were 
carried out. Seedlings of 35 days old were transplanted on 8th

 
June 2011 and on 10th June 2012. 

The drip irrigation system was used. The design of the experiments was split – plot with four replicates, 
where the shading levels were distributed in the main plots and the cultivars were arranged in the sub – 
plots. The plot area was 11.2 m2 included 4 ridges, each with 70 cm. width and 4.0 m. long. The plants 
were shaded (covered) at the day of transplanting using three shading densities treatments, i.e., white 
net (25 % shading) and black net (50 % shading) in addition to the unshaded treatment (control). 

In all field experiment, various cultural practices were conducted as commonly followed in 
commercial tomato fields. Plants were fertilized with 230 units of N, 45 units of P2O5 and 70 units of K2O 

/feddan (4200m2) during the growing season. 
 

Data recorded: 
Vegetative growth: 

A sample of ten plants of each treatment was taken at 65 days from transplanting and the 
following characteristics were recorded: 
1. Plant height (cm). 
2.  Number of shoots.  
3.  Number of leaves per plant. 
4.  Fresh and dry weight of leaves, stems, and roots. 
Samples of leaves were dried at 70 ºC then five grams were grounded and wet digested. N, P and K content 
were determine according to the methods described in Cottenie (1980) 
 
  Fruit yield and quality:  

Three plants randomly from each replicate were labeled before flowering stage and were 
harvested every week to record the following parameters at harvest:  
Fruit length (cm) fruit diameter (cm), average fruit weight (g) and total weight of fruits in each experimental 
plot were recorded and the total yield per square meter and per as Feddan was counted. 

Total Soluble Solids (TSS) in fruits using hand Refract meter was also measured in the harvested 
fruit samples. 

All the obtained data were subjected to statistical analysis of variance according to the procedure 
outlined by Gomez and Gomez (1984). 
 
Results  
Vegetative growth characteristics 

Data presented in Tables ( 1) indicated that shading net significantly enhanced the vegetative 
growth of tomato plants as plant length, number of leaves and shoots per plant. The best results were 
obtained by shading net with 50% density followed by 25% density as compared with control. Concerning, 
the effect of cultivars, it seems that Marwa Cv. had a vigorous plant growth compared with GS12 Cv., in all 
mentioned vegetative growth characters except for number of leaves in the second year. 

The interaction effect between shading net and cultivars were not significant in the two studied 
seasons except for number of leaves in the second season where shading nets with 50 % density and GS12 
Cv. gave the best results. 
As for the fresh and dry weight of tomato plants expressed as leaves, stems and roots, it was clearly shown 
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from data presented in Table 2 and 3 that shading with black net at 50% density was  most effective in 
increasing plant fresh and dry weight as compared with white net at 25% density, while the lowest values 
were obtained with the control (without shading). 

As for cultivars effect, it was clear that Marwa Cv. had a higher plant fresh weight (leaves, stems, 
and roots).While, GS12 Cv had the highest plant dry weight. 
The interaction effect between shading treatments and cultivars was not significantly different on plant fresh 
and dry weight of both studied season, except for stems fresh weight in the first season and roots fresh 
weight in second season. 
 
Table 1. Effect of shading percentage, cultivars and their interaction on vegetative growth of tomato plants during 2011-2012 seasons.  

2012 2011  
No. of shoots 

/plant 
No. of leaves 

/plant 
Plant length 

(cm) 
No. of shoots 

/plant 
No. of leaves 

/plant 
Plant length 

(cm) 
                   Shading percentage 

7.50 44.17 51.50 7.33 45.50 54.50 50% 
6.00 36.83 41.67 7.33 38.17 50.83 25% 
5.33 34.00 36.42 6.17 27.00 42.42 No shading 
1.58 6.14 5.64 NS 8.03 8.35 LSD at 5% 

                   Cultivars 
6.11 39.78 42.56 6.89 36.33 48.00 GS 12 
6.44 36.89 43.83 7.00 37.44 50.50 Marwa 
NS NS NS NS NS NS LSD at 5% 

                   The interaction 
7.33 51.00 52.00 7.67 47.00 55.00 GS 12 50% 
7.67 37.33 51.00 7.00 44.00 54.00 Marwa 
5.67 36.00 42.00 7.00 33.67 50.67 GS 12 25% 
6.33 37.67 41.33 7.67 42.67 51.00 Marwa 
5.33 32.33 33.67 6.00 28.33 38.33 GS 12 No 

shading 5.33 35.67 39.17 6.33 25.67 46.50 Marwa 
NS 7.44 NS NS NS NS LSD at 5% 

 
Table 2. Effect of shading percentage, cultivars and their interaction on fresh weight of tomato plants during 2011-2012 seasons. 

2012 2011  
Roots 
FW(g) 

Stems  
FW(g) 

Leaves FW(g) Roots 
FW(g) 

Stems  
FW(g) 

Leaves FW(g) 

Shading percentage 
6.30 29.48 39.99 9.86 36.86 48.20 50% 
5.74 26.97 34.03 7.17 35.03 49.02 25% 
4.69 24.79 30.22 5.94 28.95 36.59 No shading 
1.32 NS 6.99 1.12 2.88 7.11 LSD at 5% 

                   Cultivars 
6.01 25.20 32.54 7.65 31.38 44.03 GS 12 
5.14 28.95 36.95 7.67 35.84 45.18 Marwa 
0.53 NS NS NS 3.25 NS LSD at 5% 

                   The interaction 
7.18 27.77 37.03 9.68 31.26 49.32 GS 12 50% 
5.41 31.19 42.94 10.04 42.45 47.08 Marwa 
6.17 24.79 32.57 6.99 31.64 49.66 GS 12 25% 
5.30 29.14 35.48 7.35 38.42 48.38 Marwa 
4.67 23.05 28.02 6.27 31.25 33.10 GS 12 No 

shading 4.71 26.53 32.42 5.61 26.64 40.07 Marwa 
0.92 NS NS NS 5.62 NS LSD at 5% 

 
Leaf mineral nutrients 
  Leaf concentrations of N, P, K and Ca were significantly increased with increased shading levels 
(Table 4). The highest content of N, K and Ca was observed with shading with black net at 50% density. On 
the contrary, plants grown without shading had the highest content of P. 
Regarding the response of cultivars, there were no significant differences between the two studied cultivars 
on the leaf concentrations of N, P, K and Ca. 
However, the interaction effect of shading net densities and cultivars were significant and best Leaf 
concentrations of N, P, K and Ca, were observed by Marwa Cv and shading with black net at 25% density.  
 
Fruit yield components 

As shown from data presented in Table (5), shading net significantly increased tomato fruit yield as 
total fruit yield per plant or per square meter and total fruit yield per Feddan. Shading net with 50 % density 
was significantly superior for highest fruit yield followed by shading net with 25% density as compared 
with un shaded plants (control) in both studied seasons. 
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Regarding the effect of cultivars, it was clear from Table (5) that GS12 cultivar significantly gave the 
highest fruit yield components when compared with Marwa Cv. in the two seasons. 

On the other hand, The interaction between shading net and cultivars was significant in increasing 
yield components of tomato fruits and the best results were obtained by shading net with 50 % density and 
GS12 cultivar in the two mentioned seasons. 

 
Table 3. Effect of shading percentage, cultivars and their interaction on dry weight of tomato plants during 2011-2012 seasons. 

2012 2011  
Roots 
DW(g) 

Stems  
DW(g) 

Leaves DW(g) Roots 
DW(g) 

Stems  
DW(g) 

Leaves DW(g) 

Shading percentage 
2.52 4.89 10.95 3.43 7.33 11.83 50% 
2.26 4.21 8.37 2.04 5.73 11.15 25% 
1.70 3.15 6.01 1.83 4.54 10.46 No shading 
0.54 1.14 3.27 0.66 0.77 NS LSD at 5% 

                   Cultivars 
2.13 4.27 9.15 2.57 6.58 12.20 GS 12 
2.19 3.90 7.73 2.30 5.15 10.09 Marwa 
NS 0.21 NS NS 1.00 NS LSD at 5% 

                   The interaction 
2.71 4.80 11.41 3.64 8.64 12.63 GS 12 50% 
2.34 4.98 10.49 3.22 6.02 11.02 Marwa 
2.26 4.33 9.21 2.33 6.62 12.87 GS 12 25% 
2.25 4.10 7.53 1.74 4.84 9.43 Marwa 
1.42 3.67 6.84 1.73 4.49 11.10 GS 12 No 

shading 1.98 2.62 5.17 1.93 4.60 9.82 Marwa 
NS NS NS NS NS NS LSD at 5% 

 
Table 4. Effect of shading percentage, cultivars and their interaction on chemical analysis of tomato plants during 2011-2012 seasons. 

2012 2011  
Ca% K% P% N% Ca% K% P% N% 

                   Shading percentage 
2.77 4.42 0.31 4.45 2.52 4.33 0.37 3.93 50% 
2.51 3.98 0.32 3.89 2.30 3.96 0.37 3.50 25% 
2.45 3.88 0.36 3.35 2.26 3.87 0.42 3.06 No shading 
0.07 0.15 0.02 0.31 0.09 0.18 0.03 0.26 LSD at 5% 

                        Cultivars 
2.53 3.89 0.33 3.72 2.32 3.88 0.39 3.32 GS 12 
2.57 4.01 0.33 3.79 2.35 3.98 0.38 3.38 Marwa 
NS NS NS NS NS NS NS NS LSD at 5% 

                       The interaction 
2.72 4.24 0.32 4.34 2.48 4.18 0.37 3.84 GS 12 50% 
2.46 3.83 0.31 3.52 2.26 3.83 0.37 3.15 Marwa 
2.42 3.59 0.37 3.30 2.23 3.63 0.42 2.97 GS 12 25% 
2.82 4.60 0.30 4.55 2.56 4.48 0.36 4.02 Marwa 
2.55 4.14 0.33 4.26 2.34 4.09 0.37 3.84 GS 12 No 

shading 2.48 4.16 0.36 3.39 2.28 4.11 0.41 3.15 Marwa 
0.12 0.35 0.03 0.29 0.11 0.23 0.03 0.37 LSD at 5% 

 
Fruit quality characteristics 

Data shown in Table (6) clearly indicated that fruit quality characteristics expressed as fruit length, 
diameter, weight and TSS were enhanced by shading nets and best results were gained by shading net with 
50 % density in all mentioned fruit characteristics although there were no significant difference between 
shading net with 50 % density and 25% density for fruit length and diameter in the two studied seasons. 
The cultivar effect on the above fruit quality parameters was clear (Table 6). GS12 cultivar fruits were 
superior in all mentioned fruit quality parameters when compared with Marwa Cv. 
As for the interaction effect, it was clearly shown from data in Table (6) that interaction between shading 
net and cultivars was not significant in all fruit quality characteristics except for fruit TSS in the second 
season. 
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Table 5. Effect of shading percentage, cultivars and their interaction on yield components of tomato plants during 2011-2012 seasons. 
2012 2011  

Total yield 
(Kg/plant) 

Total yield 
(Kg/m2) 

Total yield 
(ton/fed) 

Total yield 
(Kg/plant) 

Total yield 
(Kg/m2) 

Total yield 
(ton/fed) 

Shading percentage 
2.50 7.13 29.96 2.47 7.06 29.64 50% 
2.26 6.44 27.06 2.24 6.40 26.90 25% 
2.01 5.73 24.08 2.01 5.73 24.08 No shading 
0.18 0.53 2.21 0.17 0.50 2.09 LSD at 5% 

                   Cultivars 
2.35 6.70 28.15 2.33 6.65 27.93 GS 12 
2.16 6.17 25.92 2.15 6.15 25.82 Marwa 
0.14 0.41 1.72 0.15 0.44 1.83 LSD at 5% 

                   The interaction 
2.59 7.41 31.13 2.56 7.32 30.75 GS 12 50% 
2.40 6.85 28.79 2.38 6.79 28.54 Marwa 
2.34 6.70 28.12 2.33 6.64 27.91 GS 12 25% 
2.17 6.19 26.00 2.16 6.17 25.89 Marwa 
2.10 6.00 25.20 2.09 5.98 25.13 GS 12 No 

shading 1.91 5.47 22.97 1.92 5.48 23.03 Marwa 
0.15 0.42 1.78 0.10 0.29 1.23 LSD at 5% 

 
Table 6. Effect of shading percentage, cultivars and their interaction on fruit quality of tomato plants during 2011-2012 seasons. 

2012 2011  
TSS % Fruit 

weight (g) 
Fruit 

diameter 
(cm) 

Fruit 
length 
(cm) 

TSS 
% 

Fruit 
weight (g) 

Fruit 
diameter 

(cm) 

Fruit 
length 
(cm) 

                   Shading percentage 
5.13 61.52 4.47 5.45 4.75 60.92 4.8 4.37 50% 
4.53 47.48 4.30 4.87 4.35 51.22 4.67 4.17 25% 
3.67 38.68 3.95 4.30 3.93 39.62 3.75 3.80 No shading 
0.38 7.19 0.20 0.60 NS 9.46 0.66 NS LSD at 5% 

Cultivars 
4.78 51.04 4.46 4.98 4.43 55.03 4.42 4.10 GS 12 
4.11 47.41 4.02 4.77 4.26 46.13 4.39 4.12 Marwa 
0.45 NS NS NS NS 5.26 NS NS LSD at 5% 

                   The interaction 
5.77 61.94 4.48 5.77 4.83 63.97 5.00 4.60 GS 12 50% 
4.50 61.10 4.47 5.13 4.67 57.87 4.60 4.13 Marwa 
4.40 55.37 4.60 4.40 4.27 56.50 4.57 3.83 GS 12 25% 
4.67 39.60 4.00 5.33 4.43 45.93 4.77 4.50 Marwa 
4.17 36.67 4.30 4.17 4.37 44.63 4.10 4.33 GS 12 No 

shading 3.17 40.68 3.60 4.43 3.50 34.60 3.40 3.27 Marwa 
0.78 NS NS NS NS NS NS 0.97 LSD at 5% 

 

Discussion 
The improved vegetative growth evidenced as plant length, number of leaves and  shoots per plant as 

well as plant fresh and dry weight under the highest shade levels (50% black net as compared with white net 
at 25% density) could be related to the favorable weather conditions created around plants. In hot climate 
conditions like Egyptian summer cultivation, in which vegetable crops were usually covered completely with 
black shade cloth rated at 30% to 50% transmittance, air temperature was reduced by 2 to 3 ºC averaged over 
day and night (Abdel-Mawgoud et al., 1996; El Aidy, 1986 and El Gizawy et al. 1992). 

Other possibility for enhancing plant growth under shading might be attributed to the increase of plant 
ability to uptake water and nutrients which consequently accelerated the vegetative growth rate under shaded 
green-house conditions (Marouelli and Silva, 2005). 

Concerning, the effect of cultivars, it seems that Marwa Cv. had a vigorous plant growth compared 
with GS12 Cv. in all mentioned vegetative growth characters. The differences observed in vegetative 
growth of tomato plants could be more due to genetically variation than the environmental or shading 
differences. Regarding leaf mineral content, there are a little investigation on mineral nutrient uptake and 
accumulation by vegetable crops grown under shading. The enhancement of nutrient concentrations 
observed in our study are consistent with other reports on tomato showing that shading increases leaves 
concentration of N, P and K (Liu et al., 2003), and N and K uptake (Gent, 2008). The increase of leaf N 
content in shaded plants could be due to favorable weather conditions which enhance leaf chlorophyll 
concentration. 

Regarding fruit yield and quality, it was clearly evident that using shading net with 50 % density 
was significantly superior in obtaining the  highest fruit yield and fruit quality parameters followed by 
shading net with 25% density as compared with un-shaded plants (control) in both studied seasons. These 
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results might be due to the sensitivity of fruit set to high temperature (Sato et al., 2002). Furthermore, Shading 
net resulted in better plant nutrient uptake, higher rates of photosynthesis, which might reflect on more 
number of fruits and higher fruit weight (Ngouajio et al. 2007). The superiority of fruit yield of GS12 Cv. 
compared with Marwa Cv. could be due to the genetically thermo-tolerance and high fruit set capacity under hot 
summer conditions. Similar results were found by El-Gizawy et al. (1992), who showed that the increasing 
shading intensity in a tomato crop resulted in an up to 51% total production increase.  

 
Conclusion 

Moderate shading (50%) and better thermo-tolerant tomato cultivars may be an option to reduce 
high temperature stress conditions and extend the summer season toward the September in Egypt.  
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