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ABSTRACT 
 

Rooftop gardens can play an important role in food security by increasing the food production within 
cities, near to consumption centers and save money that goes to crops transportation from farm to 
consumers. Because the spaces are limited on rooftops, it’s important to determine the appropriate 
cultivation system for each crop that grantee getting the maximum yield per m2. Also, it’s important to 
focus on crops that consumers needs in Egypt. In this context, an experiment has been conducted in the 
rooftop garden of Central Laboratory for Agricultural Climate (CLAC), Agricultural Research Center, 
Ministry of Agriculture and Land Reclamation, Dokki, Giza, during summer seasons of 2013 and 2014 to 
investigate the effect of using different substrate culture systems on growth and production of hot pepper 
plants grown in rooftops gardens. Different substrate culture systems have been tested in relation to growth 
and production of hot pepper; beds system (100 liter of substrate/m2, depth 10cm), big pots system (60 
liters of substrate/m2, depth 15cm), small pots system (30 liters of substrate/m2, depth 13cm) and 
horizontal bags system (90 liter of substrate/m2, depth 10cm). Different measurements have been recorded 
during the experimental time such as: plant height, number of leaves, aerial parts fresh weight , root fresh 
weight, aerial parts dry weight, root dry weight, aerial parts / root fresh weights ratio, aerial parts / root dry 
weights ratio, dry matter percentage in whole plant, yield per m2, (nitrogen, phosphorus, potassium) 
percentages in leaves. Results indicated that hot pepper plants grown in big pots system recorded the 
highest values regarding: plant height, number of leaves, aerial parts fresh and dry weights, root fresh and 
dry weights, yield per m2 and highest nitrogen & phosphorus percentages in leaves. For that, the big pots 
system could be recorded as the most suitable substrate culture system for producing hot pepper in 
rooftops gardens. 
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Introduction 
 

Soilless culture is defined as any method for growing plants without the use of soil as a rooting 
medium, in which the nutrients absorbed by the roots are supplied via the irrigation water. The fertilizers 
containing the nutrients to be supplied to the crop are dissolved in the appropriate concentration in the 
irrigation water and the resultant solution is referred to as “nutrient solution”. Substrate culture in solid 
medium (organic and inorganic substrates) is one of soilless culture methods Savvas et al., (2013). Soilless 
culture offers an ideal alternative crop production for traditional cultivation in soil when there is no soil 
available at all Olympios, (2011). Stable and high quality production is the main advantage of soilless 
substrate culture, which has already been proved by many studies in various crop plants (Yashuba et al., 
1995 and Veys, 1997). Moreover, Grillas et al., (2001) reported that soilless culture systems guarantee 
flexibility, intensification and provide high crop yield and high quality products, even in areas with adverse 
growing conditions. Furthermore, soilless cultivation represented a breakthrough and permitting to achieve 
high yields and a very standardized production (Burrage, 1992).  

All of these make soilless culture the most suitable cultivation system for cultivating rooftops where 
there is no available soil, limited spaces, adverse production conditions. The flexibility and the variety of 
materials and systems in soilless culture offer safe cultivation systems on rooftops. Light-weight soilless 
systems are easy to be adapted to almost any available space on rooftops. In addition, soilless culture 
technology offers the recirculation of nutrient solution in a closed system. The excess nutrient solution 
collected and reused again in irrigation, this technique is important in case of rooftop gardens. It prevents 
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the leaching of water and nutrient solution to the roof floor also save water and fertilizers. Jensen, (1999) 
reported that in the closed soilless culture system the excess of nutrient solution is recirculated 
intermittently or continuously. Also, Burrag, (1999) mentioned that closed soilless systems reduce water 
and nutrients loss to the environment resulting in a better water use efficiency.    

On the other hand, Luckett, (2009) mentioned that roof gardens contribute positively to make cities 
more livable. In addition, roof gardens can also provide farmland for local vegetable and food production. 
By setting up edible rooftop gardens it is possible to promote more useful and meaningful functions for the 
green roofs (ARGP, 2008). As reported by Tixier and de Bon, (2006) it is important to devise new methods 
and strategies to ensure the food supply and food security of those who live in urban areas. In recent years 
green roof application are becoming more and more popular in many countries, as a useful feature for 
sustainable building technology and to overcome the problem of world urbanization (Dunnett and 
Kingsbury, 2008; Luckett, 2009; Weiler and Scholz-Barth, 2009).  

For that, in this work different substrate culture systems have been tested on rooftops in relation to 
growth and production of hot pepper as one of the wide spread vegetable crop in Egypt. 

 
Materials and Methods 

 
An experiment has been conducted in the rooftop garden of Central Laboratory for Agricultural 

Climate (CLAC), Agricultural Research Center, Ministry of Agriculture and Land Reclamation, Dokki, 
Giza, during summer seasons of 2013 and 2014 to investigate the effect of using different substrate culture 
systems on growth and production of hot pepper. 

Hot peppers (Capsicum annuum) seedlings have been transplanted into different growing systems in 
the first of April 2013 and replicated in the same time at 2014. Plant density was 12 plants per m2. 

 
Treatments: 

 
Four substrate culture systems were under investigation in this experiment, their description was as 

follow: 
 Beds system (100 liter of substrate/m2, depth 10cm). 
 Big pots system (60 liter of substrate/m2, depth 15cm) 
 Small pots system (30 liter of substrate/m2, depth 13cm) 
 Horizontal bags systems (90 liter of substrate/m2, depth 10cm). 
 

Systems description: 
 
All systems consisted of wooden table (100cm length, 100cm width, and 10cm depth) and height of 

table legs was 60cm from rooftop floor. Each table laid with black polyethylene sheets 0.5 mm in thickness 
and equipped with drainage tube in one side, also equipped with one bucket under each table to collect the 
excess diluted nutrient solution. The substrate consisted of mixture of peat moss and perlite 1:1 v/v. Each 
tested system was different than the others in the following:  

 
Beds system: 

 
The entire part of the previous described table filled with 100 liters of peat moss and perlite mixture. 

Substrate depth was 10cm. 
 

Big pots system: 
 
Twelve black polyethylene pots have been arranged on the previous described wooden table. Each was 

filled with 5 liters from peat moss and perlite mixture. Each pot had holes in the bottom for drainage. 
Substrate depth was 15cm. 

 
Small pots system: 

 
Twelve black polyethylene pots have been arranged on the previous described wooden table. Each pot 

was filled with 2.5 liters from peat moss and perlite mixture. Each pot had holes in the bottom for 
drainage. Substrate depth was 13cm. 
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Horizontal bags system: 
 
Three horizontal bags have been arranged on the previous described wooden table. The horizontal 

bags system consisted of horizontal bags made from black on white polyethylene sheet (0.2mm thickness). 
Each bag filled with 30 liters from peat moss and perlite mixture. Holes were made in the lowermost in 
both sides and front of each bag for drainage to release the excess nutrient solution and bigger holes in the 
surface to facilitate the cultivation process. Substrate depth was 10cm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Hot pepper grown in different substrate culture systems on rooftops. 
 
Drip irrigation system have been used to deliver the diluted nutrient solution to each plant then a slope 

about 1% have been made for collecting the drained diluted nutrient solution and return it back to the 
catchment bucket using the drainage tube. The nutrient solution described by (El-Behairy, 1994) was used 
in this experiment. The electrical conductivity (EC) adjusted at the range of 2.0-2.8 m.mhos2 throughout 
the experimental time. Digital EC meter was used to adjust the EC to the required level. 

 
Measurements: 

 
Different measurements have been recorded during the experimental time such as: plant height (cm), 

number of leaves, aerial parts fresh and dry weights (g / plant), root fresh and dry weights (g / plant), aerial 
parts / root fresh weights ratio (%), aerial parts/ root dry weights ratio (%), dry matter percentage in whole 
plant, yield per m2 (g),  (nitrogen, phosphorus, potassium) percentages in leaves. 

The experiment was arranged in complete randomized blocks design with three replicates. The 
collected data were analyzed using ANOVA statistical analysis as described by (Snedicor and Cochran, 
1980) and the least significant difference (LSD) at a probability level of 5% was used in comparison 
among means.  

 
 
 
 

Beds system Big pots system 

Horizontal bags system Small pots system 
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Results 
 
Plant height: 

 
Data in Fig. (2) illustrates the effect of different substrate culture systems on plant height of hot pepper 

grown in rooftops gardens. Data collected from the first season showed that the tallest plants were recorded 
in big pots system followed by those grown in small pots, then beds and finally the shortest plants were 
found in horizontal bags system. Moreover, differences among treatments were significant. The same trend 
was observed in the second season. 

 

  
 
Fig. 2: Effect of different substrate culture systems on height (cm) of hot pepper plants grown in rooftops 

gardens during summer seasons of 2013 and 2014. 
 

Number of leaves: 
 
Data in Fig. (3) illustrates the effect of different substrate culture systems on number of leaves. Data 

collected from both seasons indicated that the highest number of leaves was found in big pots system 
followed by small pots, then beds and horizontal bags systems respectively. The collected data also 
indicated that differences among treatments were significant.  

 

  
 
Fig. 3: Effect of different substrate culture systems on number of leaves of hot pepper plants grown in rooftops 

gardens during summer seasons of 2013 and 2014. 
 

Aerial parts fresh weight: 
 
Data collected from the first season illustrated that the highest aerial parts fresh weight values were 

obtained from plants grown in big pots followed by plants grown in small pots, then beds. On the other 
hand, the lowest aerial parts fresh weight values were recorded by plants grown in horizontal bags system. 
Moreover, data indicated that differences among treatments were significant. The same trend was observed 
in the second season. Fig. (4). 
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Fig. 4: Effect of different substrate culture systems on aerial parts fresh weight (g/plant) of hot pepper plants 

grown in rooftops gardens during summer seasons of 2013 and 2014. 
 
Root fresh weight: 

 
Data collected from both seasons indicated that the highest root fresh weight values were recorded in 

big pots followed by small pots, then beds. Otherwise, the lowest root fresh weight values were recorded in 
horizontal bags system. Moreover, data indicated that differences among treatments were significant. Fig. 
(5). 
 

  
 
Fig. 5: Effect of different substrate culture systems on root fresh weight (g/plant) of hot pepper plants grown in 

rooftops gardens during summer seasons of 2013 and 2014. 
 

Aerial parts dry weight: 
 
Data in Fig. (6) presents the effect of different substrate culture systems on aerial parts dry weight. 

Data collected from the first season showed that the highest aerial parts dry weight values were recorded in 
big pots system, then small pots system, beds and horizontal bags systems respectively. Moreover, data 
indicated that differences among treatments were significant. The same trend was observed in the second 
season. 

  

  
 
Fig. 6: Effect of different substrate culture systems on aerial parts dry weight (g/plant) of hot pepper plants 

grown in rooftops gardens during summer seasons of 2013 and 2014. 
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Root dry weight: 
 
Data collected from the first season illustrated that the highest root dry weight values were recorded in 

big pots followed by small pots, then beds. While, the lowest root fresh weight values were recorded in 
horizontal bags system. Moreover, data indicated that differences among treatments were significant. 
Similar trend was observed in the second season. Fig. (7). 

 

  
 
Fig. 7: Effect of different substrate culture systems on root dry weight (g/plant) of hot pepper plants grown in 

rooftops gardens during summer seasons of 2013 and 2014. 
 

Aerial parts / root fresh weights ratio: 
 
Data in Fig. (8) presents the effect of different substrate culture systems on ratio between aerial parts 

and root fresh weights. Data collected from the first season showed that the highest ratio was recorded in 
horizontal bags followed by big pots, then beds and finally small pots recorded the lowest ratio. Data also 
indicated that differences among treatments were significant. Similar trends were observed in the second 
season, except that small pots recorded higher ratio than beds. Moreover, there was no significant 
difference between big and small pots or between beds and small pots. 

 

  
 
Fig. 8: Effect of different substrate culture systems on aerial parts/ root fresh weights ratio of hot pepper plants 

grown in rooftops gardens during summer seasons of 2013 and 2014. 
 

Aerial parts / root dry weights ratio: 
 
Data collected regarding ratio between aerial parts and root dry weights from both seasons indicated 

that differences among treatments were not significant. Fig. (9). 
 
Dry matter percentage in whole plant: 

 
Data collected from both seasons indicated that differences among treatments were not significant 

regarding dry matter percentage in whole plant. Fig (10). 
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Fig. 9: Effect of different substrate culture systems on aerial parts/ root dry weights ratio of hot pepper plants 

grown in rooftops gardens during summer seasons of 2013 and 2014. 
 

 
 

 
Fig. 10: Effect of different substrate culture systems on dry matter percentage in whole plant (%) of hot pepper 

plants grown in rooftops gardens during summer seasons of 2013 and 2014. 
 

Yield per m2: 
 
Data in Fig (11) illustrates the effect of different substrate culture systems on yield per m2. Data 

collected from the first season indicated that big pots system recorded the highest yield values followed by 
small pots, then beds and horizontal bags system respectively. Moreover, data illustrated that differences 
among treatments were significant. Data illustrated the same trend in the second season.  

 

  
 
Fig. 11: Effect of different substrate culture systems on yield per m2 (g) of hot pepper plants grown in rooftops 

gardens during summer seasons of 2013 and 2014. 
 
Data in Table (1) presents the effect of different substrate culture systems on nitrogen, phosphorus and 

potassium percentages in leaves of hot pepper plants grown in rooftops gardens. 
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Regarding nitrogen percentage in leaves: 
 
Data collected from the first season illustrated that the highest nitrogen % was recorded in big pots 

followed by small pots, then beds and finally horizontal bags recorded the lowest nitrogen % in leaves. 
Moreover, data indicated that differences among treatments were significant. The same trend was observed 
in the second season. 

 
Regarding phosphorus percentage in leaves: 

 
Data collected from the first season illustrated that there were no significant differences among 

treatments. Otherwise, data collected from the second season indicated that the highest phosphorus % was 
recorded in big pots followed by small pots, then beds and horizontal bags respectively. Furthermore, 
differences among treatments were significant except between big and small pots.  

 
Regarding potassium percentage in leaves: 

 
Data collected from both seasons indicated that differences among treatments were not significant 

regarding potassium percentage in leaves. 
 

Table 1: Effect of different substrate culture systems on nitrogen, phosphorus and potassium percentages in leaves (%) of 
hot pepper plants grown in rooftops gardens during summer seasons of 2013 and 2014. 

Treatments  
Nitrogen % Phosphorus % Potassium % 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Beds system 3.71 3.96 0.29 0.42 3.95 4.00 
Big pots system 5.03 4.87 0.38 0.53 4.54 4.46 
Small pots system 4.01 4.20 0.30 0.51 4.12 4.32 
Horizontal bags system 3.12 3.33 0.25 0.30 3.65 3.17 
LSD at 5% 0.30 0.16 N.S 0.03 N.S N.S 

 
Discussion 

 
In this work, different substrate culture systems were tested in relation to growth and production of hot 

pepper grown in rooftops gardens; beds system, big pots system, small pots system and horizontal bags 
system. Results indicated that hot pepper plants grown in both pots systems recorded higher yield per m2 

than beds or horizontal bags systems. The increased production supported by results indicated that plants 
grown in both pots systems were the biggest plants in comparison with other tested systems; plants grown 
in both pots systems recorded the highest plant height, number of leaves, aerial parts fresh weight and 
aerial parts dry weight. El-Behairy, (2008) mentioned that bigger strawberry plants produced higher yield. 
Moreover, increased yield values in both pots systems comparing with beds or horizontal bags systems 
could be a result to increase substrate depth; the substrate depth increased from 10cm in case of beds and 
horizontal bags to 13cm and 15cm in case of small and big pots systems respectively. And the more depth 
gave more space for roots to grow and this idea supported by results indicated that both small and big pots 
recorded higher root fresh and dry weight values than beds or horizontal bags systems. Kostopoulou et al., 
(2011) reported that container depth is considered an important variable influencing plant and root 
morphology as it is directly related to water holding capacity, humidity and air availability. Also, 
Panayiotis et al., (2011) studied the effect of two substrate depths (7.5cm or 15.0cm) on growth, and 
physiology of the native species Dianthus fruticosus sub. fruticosus. Results indicated that Dianthus 
fruticosus sub. fruticosus growth was promoted by the deep substrate (15cm) throughout the entire study. 
Similarly, leaf dry weight was increased in the deeper substrate. 

On the hand, when comparing between the two types of pot systems, data indicated that increased pot 
size from 2.5 liters with 13cm depth in small pots system to 5 liters with 15cm depth in big pots system 
increased plant height, number of leaves, aerial parts fresh and dry weights, root fresh and dry weights and 
yield per m2. This may be a result to that pot size affects the volume and depth of substrate available for 
root growth, so bigger pots means bigger volume and depth for roots to grow. Cantliffe, (1993) reported 
that as container size increases plant leaf area, shoot biomass and root biomass increase. Furthermore, 
Kemble et al., (1994) reported that larger container sizes resulted in an increase in the amount of dry 
matter present in stems of tomato when compared to smaller containers. Balali et al., (2008) studied the 
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effect of three different pot sizes (1.5, 2.0 and 3.8 liters) on mini-tubers production of Marfona potato 
cultivar in greenhouse conditions. Results showed that the effect of pot size on the number and total weight 
of mini-tubers per pot was significant that size of large pot (3.8 liter) had significantly higher number of 
mini-tubers and total weight per pot than medium (2.0 liter) and small (1.5 liter) pots sizes. 

 
Conclusion 

 
From the overall results, it could be concluded that the big pots system was the most suitable substrate 

culture system for producing hot pepper in rooftops gardens; hot pepper plants grown in big pots system 
recorded the highest values regarding vegetative growth parameters, the highest yield per m2 and the 
highest percentages for nitrogen and phosphorus in leaves. 
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