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ABSTRACT 
 

Potato is one of the important crops grown in Egypt for local consumption and processing. Produce 
potato on rooftops can make a great difference on the availability of this crop in rooftop gardens near to 
consumption centers within cities. But normally potato production needs a deep substrate depth to insure 
the formation of tubers and give each potato plant its needs from water and nutrients, but this might be 
risky on rooftops to insure the safety of the building even if the substrate was light in weight, may the 
substrate quantity will be too much. In this context, an experiment had been done in the rooftop garden of 
Central Laboratory for Agricultural Climate, Agricultural Research Center, Ministry of Agriculture and 
Land Reclamation, Dokki, Giza, Egypt during seasons of 2013/2014 and 2014/2015 respectively. The 
experiment has been done to determine the preferred substrate depth from two depths (15cm and 25cm) 
and preferred container type from two types (pots and beds) for producing potato on rooftops. Mixture of 
perlite and peat moss (1:1 v/v) has been used as the growing media. Different measurements have been 
recorded during the experimental time such as: plant height, aerial parts fresh and dry weights, yield per 
square meter, dry matter % in aerial parts, dry matter % in produced potato tubers, (nitrogen, phosphorus, 
potassium) % in leaves and chlorophyll content in leaves. Also, relationships between yield, substrate 
quantity, substrate initial cost and substrate weight have been studied to compare among treatments. 
Results indicated that beds were more suitable for producing potato on rooftops than pots; plants grown in 
both shallow or deep beds recorded higher values than shallow or deep pots regarding: plant height, fresh 
and dry weights for aerial parts, yield / m2, dry matter % in aerial parts, dry matter % in produced potato 
tubers, (N, P, K) % in leaves and chlorophyll content in leaves. On the other hand, Results showed that 
deep beds (25cm depth) recorded higher yield per m2 than shallow beds (15cm depth).  Nevertheless, even 
deep beds produced more potato yield per m2 but shallow beds could be considered the most suitable 
container type and substrate depth for producing potato under condition of rooftop gardens with 
consideration to substrate initial cost and substrate weight (dry and wet).These are very important issues 
when we thinking about establish a fruitful rooftop garden. Data indicated that, in case of using shallow 
beds instead of deep beds, a reduction about 5% has been happened in yield per m2, and this reduction 
could be neglected if we considered the other benefits from using smaller quantity of substrate (150 instead 
of 250 L. /m2), less substrate initial cost and less substrate weight on rooftop. 
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Introduction 
 

Green roofs or rooftop gardens are a specialized roofing system that supports vegetation growth on 
rooftops. Rooftop gardens are not a new concept. They have a long history, but today it is rapidly 
advancing technology that has the potential to improve the quality of life in urban area (Mander, et al, 
2006). From another point of view, over half of the world’s population now lives in urban areas. As the 
rate of urbanization increases over time, the food production sites should be increasingly located near main 
consumption centers. Consequently, urban agriculture is gaining relevance all over the world (Orsini et al. 
2013) and it is important to devise new methods and strategies to ensure the food supply and food security 
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of those who live in urban areas (Tixier and de Bon, 2006). In recent years green roofs 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). Moreover, Zezza and Tasciotti, (2010) mentioned that urban 
agriculture such as rooftop gardens may have a role to play in addressing urban food insecurity problems, 
which are bound to become increasingly important with the trend towards fighting the negative effect of 
the urbanization and poverty of population in developing countries. As well, Grillas et al., (2001) reported 
that soilless culture systems guarantee flexibility and intensification and provide high crop yield and high-
quality products, even in areas with adverse growing conditions. Peterson et al., (1991a) mentioned that 
container grown plants in general have different root morphology than field seeded crops. For that, when 
thinking about producing potato on rooftops, it was important to study the behavior of the plant and 
determined the most suitable container type and substrate depth. Because potato production needs deep 
substrate depth to insure the formation of tubers and give each potato plant its needs from water and 
nutrients and this means a big substrate depth and volume. Issues like container type and substrate depth is 
extremely important when cultivating rooftops because more substrate depth or volume means more 
weights on roof and it's important to maintain the cultivation system light in weight as possible. But also, 
still important producing potato from rooftop gardens to be available near consumers and encourage the 
idea of using rooftop gardens as a tool helping families in cities to be self-sufficient families that grow 
their own needs from vegetable crops and herbs by their own hands on roofs. Also, because potato is wide 
spread favorable vegetables worldwide and it consider as an important source of carbohydrates in human 
diet. For that, the aim of this work was to determine the preferred substrate depth and container type for 
producing potato on rooftops. 

 
Materials and Methods 

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

Climate (CLAC), Agricultural Research Center, Ministry of Agriculture and Land Reclamation, Dokki, 
Giza, Egypt during seasons of 2013/2014 and 2014/2015 respectively. The experiment has been done to 
determine the preferred substrate depth and container type for producing potato on rooftops using substrate 
mixture consisted of perlite and peat moss (1:1 v/v). 

 
Treatments: 

 
 Shallow pots (substrate depth 15cm, substrate volume 4L. /plant) "SP". 
 Deep pots (substrate depth 25cm, substrate volume 6L. /plant) "DP". 
 Shallow beds (substrate depth 15cm, substrate volume 12.5L. /plant) "SB". 
 Deep beds (substrate depth 25cm, substrate volume 20.83L. /plant) "DB". 

Potato (Solanum tuberosum) variety Spunta has been used in this experiment with density of 12 
plants per m2. 

 
System description: 
 
The pots system: 

 
Pots system consisted of wooden table (100cm length, 100cm width). The 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 drained 
nutrient solution.  

In shallow pots; twelve black polyethylene pots have arranged on the previous described wooden 
table, each was filled with 4 liters from substrate mixture. Each pot had one plant. Each pot has holes in the 
bottom for release drainage. 

 In deep pots; 4 black polyethylene pots have arranged on the previous described wooden table, each 
was filled with 18 liters from substrate mixture. Each pot had 3 plants. Each pot has holes in the bottom for 
release drainage.  
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Fig. 1: Mixture of perlite and peat moss (1:1 v/v) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The wooden table                                                               Fig. 3: The deep bed 
 
                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Potato grown in different containers and different substrate depths. 

Shallow pots Deep pots 

Shallow beds Deep beds 
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The beds system: 
 
In shallow beds; shallow bed consisted of the same described wooden table in pots system but the 

entire depth of the wooden table was filled with substrate mixture to height of 15cm without any pots. 
In deep beds; a black polyethylene sheet 1mm in thickness was used to make a bed, the wall of the 

bed or the depth was about 25cm filled with substrate mixture and supported with a wooden frame to 
maintain bed shape.  

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 2.0-2.5 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, aerial 

parts fresh and dry weights, yield per m2, dry matter % in aerial parts, dry matter % in produced potato 
tubers, (nitrogen, phosphorus, potassium) % in leaves and chlorophyll content in leaves. Also, 
relationships between yield, substrate quantity, substrate initial cost and substrate weight have been studied 
to compare among treatments. 

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) was used in comparison among means. 
 
Results 
 
Plant height: 

 
Data in Fig (5) illustrates the effect of substrate depth and container type on height of potato plants, 

data in the first season showed that the highest plants were recorded in deep beds followed by shallow 
beds, then deep pots. Finally the shortest plants were grown in shallow pots. Data also indicated that 
differences among means were significant. In the second season, similar trend were observed except that 
plants grown in shallow beds recorded a higher plant height values than plants grown in deep beds, but the 
difference between both of them was not significant 

    
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Effect of substrate depth and container type on height (cm) of potato plants grown using soilless culture 
technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Aerial parts fresh weight: 

 
Data collected from the first season regarding the effect of substrate depth and container type on 

aerial parts fresh weight indicated that the highest values were obtained from plants grown in deep beds 
then shallow beds respectively without a significant difference between both of them. On the other hand, 
pots recorded lower weights than beds. Moreover, data showed that deep pots recorded higher values than 
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shallow pots and the difference between both of them was significant. Similar trend were recorded in the 
second season except that the difference between shallow and deep beds were significant. Fig (6) 

  
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Effect of substrate depth and container type on aerial parts fresh weight (g/plant) of potato plants grown 
using soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Aerial parts dry weight: 

 
Data in Fig (7) illustrates the effect of substrate depth and container type on aerial parts dry weight. 

Data collected from the first season showed that both deep and shallow beds recorded higher aerial parts 
dry weights than deep and shallow pots. Differences among treatments were significant. Data showed 
similar trend in the second season except that shallow beds recorded higher values than deep beds. 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Effect of substrate depth and container type on aerial parts dry weight (g/plant) of potato plants grown 
using soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Yield per m2: 

 
Data collected from the first season indicated that deep beds recorded the highest yield per m2 

followed by shallow beds. Both depths of beds recorded higher yield than both depths of pots. The lowest 
yield per m2 was recorded by shallow pots. Data also illustrated that differences among treatments were 
significant except the difference between deep and shallow beds was not significant. Similar trend was 
observed in the second season except that differences among all treatments were significant. Fig (8)  

 
Dry matter % in aerial parts: 

 
Data in Fig (9) indicated that in the first season, the highest dry matter % in aerial parts was recorded 

in plants grown in deep beds followed by shallow beds without a significant difference between both of 
them, then deep and shallow pots respectively. Differences between both beds and pots were significant. 
Nevertheless, data showed that there were no significant differences among treatments in the second 
season. 
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Fig. 8: Effect of substrate depth and container type on yield per m2 (g) of potato plants grown using soilless 
culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

    
 
 
 
 
 
  
 
 
 
 
 
 
 

 
Fig. 9: Effect of substrate depth and container type on dry matter % in aerial parts of potato plants grown using 

soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 
 
Dry matter % in produced potato tubers: 

 
Data in Fig (10) illustrates the effect of substrate depth and container type on dry matter % in the 

produced potato tubers. Data collected from the first season indicated that the highest dry matter % was 
recorded by tubers produced from shallow beds followed by those produced from deep beds then deep pots 
while the lowest percentage was obtained from shallow pots. The difference between beds and pots was 
significant. On the other hand, the difference between shallow and deep beds or between shallow and deep 
pots was not significant. Similar trends were observed in the second season except that shallow pots 
recorded a higher dry matter % than deep pots but still the difference not significant between both of them. 

  
  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 10: Effect of substrate depth and container type on dry matter % in produced tubers of potato plants grown 

using soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 
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Nitrogen % in leaves: 

 
Data collected from both seasons illustrated that plants grown in deep beds recorded the highest N% 

in leaves followed by shallow beds then deep pots while shallow pots recorded the lowest percentage. 
Moreover, data indicated that the difference between shallow and deep beds was not significant while the 
difference between shallow and deep pots was significant. Fig (11). 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 11: Effect of substrate depth and container type on nitrogen % in leaves of potato plants grown using 

soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 
 

Phosphorus % in leaves: 
 
Data in Fig (12) illustrates the effect of substrate depth and container type on phosphorus % in leaves. 

Data collected from the first season showed that there were no significant differences among treatment. On 
the other hand, data collected from the second season indicated that the highest P% was recorded by plants 
grown in deep beds followed by shallow beds, deep pots and shallow pots respectively. Moreover, data 
indicated that the difference between deep beds and all other treatments was significant. Also, the 
difference between shallow beds and shallow pots was significant. On the other hand, the difference 
between shallow beds and deep pots was not significant, and between shallow and deep pots was not 
significant too.    

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12: Effect of substrate depth and container type on phosphorus % in leaves of potato plants grown using 
soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Potassium % in leaves: 

 
Data in Fig (13) illustrated that in the first season, the highest K% was recorded in deep beds 

followed by shallow beds, deep pots and shallow pots respectively. Moreover, data indicated that 
Differences among treatments were significant. Data showed similar trend in the second season except that 
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shallow beds recorded higher K% than deep beds but the difference between both of them was not 
significant. 

 
   
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13: Effect of substrate depth and container type on potassium % in leaves of potato plants grown using 
soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Chlorophyll content in leaves: 

 
Data in Fig (14) indicated that in both seasons, plants grown in deep beds recorded the highest 

chlorophyll content in leaves followed by those grown in shallow beds. Data also, indicated that the 
difference between deep and shallow beds were significant in the first season but was not significant in the 
second season. On the other hand, chlorophyll content in leaves was lower in plants grown in pots than in 
beds. However, shallow pots recorded lower chlorophyll content than deep pots, and the difference 
between both of them was significant in both seasons. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14: Effect of substrate depth and container type on chlorophyll content  in leaves (SPAD) of potato plants 
grown using soilless culture technology on rooftops during seasons of 2013/2014 and 2014/2015. 

 
Relationships between yield, substrate quantity, substrate initial cost and substrate weight: 

 
Data in table (1) presents the average yield per m2 of potato for two seasons according to treatments, 

the substrate quantity needed per m2, substrate initial costs depending on 2016 prices in Egypt, substrate 
dry and wet weights (kg/m2). When we put substrate quantity, substrate initial cost and substrate weight 
together in consideration with the aim of getting the highest yield per m2, different results appeared can be 
summarized in the following:   
 The more substrate quantity, the more potato yield produced; deep beds (250 L. / m2) recorded the 

highest potato yield than all other treatments. On contrary, shallow pots (48 L. / m2) recorded the 
lowest yield comparing with all other treatments.  

  Higher yield came with more substrate initial cost; the highest substrate initial cost (150 E.P. /m2) was 
recorded in deep beds that recorded the highest yield. 

 Higher yield came with heavier weight; the highest substrate dry and wet weights were recorded in 
deep beds. 

 Nevertheless, deep beds recorded the highest yield but shallow beds recorded yield close to deep beds 
(6418.30 g/m2 in shallow beds comparing with 6743.56/m2 in deep beds) with less substrate quantity 
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(150 instead of 250 L. / m2) and less substrate initial cost (90 instead of 150 E.P. /m2 ) and less 
substrate weight on rooftops.  

From that even deep beds produced more potato yield per m2 but shallow beds could be considered 
the most suitable container type and substrate depth for producing potato on rooftops  (bed shape, substrate 
depth 15cm, substrate volume 12.5L. /plant).  

 
Table 1: Relationships between yield, substrate quantity, substrate initial cost and substrate weight for potato production in 

different substrate depths and container types on rooftops. 

Treatments 
Yield    

(average 2 seasons)                  
(g/m2) 

Substrate 
quantity   
(L./ m2) 

Substrate 
initial cost 
(E.P./m2) 

Substrate  weight (kg/m2) 

Dry Wet** 

SP* 2063.61 48 28.80 5.23 20.37 
DP* 4087.74 72 43.20 7.84 30.56 
SB* 6418.30 150 90.00 16.33 63.67 
DB* 6743.56 250 150.00 27.21 106.11 

 *   SP = Shallow pots, DP= Deep pots, SB= Shallow beds, DB= Deep beds                                                            
  ** substrate was irrigated with plenty of water and left it for 12 hours to drain the excess water then the weight was 
measured. 

 

Discussion 
 
Results indicated that the beds were more suitable for producing potato on rooftops than the pots; 

plants grown in beds recorded a higher yield than those grown on pots. The higher yield in beds comparing 
to pots supported by results which indicated that potato plants grown in beds recorded a higher values 
related to plant height, fresh and dry weights for aerial parts, yield / m2, dry matter % in aerial parts, dry 
matter % in produced potato tubers, (Nitrogen, Phosphorus, Potassium) % in leaves and chlorophyll 
content in leaves than in pots. NeSmith and Duval, (1998) reported that plants undergo many physiological 
and morphological changes in response to reduced rooting volume, which can affect transplant quality and 
performance. Root and shoot growth, biomass accumulation , photosynthesis, leaf  chlorophyll content, 
plant water relations, nutrient uptake, respiration, flowering, and yield all are affected by root restriction 
and container size. Moreover, when roots are confined in a container that restricts their growth, the roots 
compete for essential resources; increased root mass and decreased rooting space leads to competition for 
available oxygen (Peterson et al., 1991b). Also, Tonutti, (1990) reported that the growth rates of shoots 
and roots are interdependent. Roots rely upon plant aerial portions for photosynthesis and various 
hormones, while plant aerial portions rely on roots for water, nutrients, support, and hormones. The 
delicate balance between roots and shoots can be upset when the root system is restricted in a small rooting 
volume.  

In beds, results illustrated that increased substrate depth from 15cm in shallow beds to 25cm in deep 
beds, increased yield per m2, this may be a result to increase fresh weight values and chlorophyll content in 
leaves in plants were grown in deep beds and this may help in building better plants that produced higher 
yield.  El-Behairy, (2008) mentioned that bigger strawberry plants produced higher yield. 

In pots, increased the substrate depth and substrate volume (deep pots, 25cm substrate depth)  
increased plant height, fresh and dry weights for aerial parts, yield/m2, dry matter % in aerial parts, 
(Nitrogen, Phosphorus, Potassium) % in leaves and chlorophyll content in leaves. Cantliffe, (1993) 
reported that as container size increases plant leaf area, shoot biomass and root biomass increase. Larger 
container sizes resulted in an increase in the amount of dry matter present in stems of tomato (Kemble et 
al., 1994) and soybean (Krizek et al., 1985) when compared to smaller containers. Container type and 
dimensions have an effect on aeration and water. In general, as container dimensions (height or depth and 
width) are decreased the amount of media pore space decreases, reducing both media water holding 
capacity and aeration (Bilderback and Fonteno, 1987). Also, Balali et al., (2008) studied the effect of 3 
different pot sizes (1.5, 2.0, 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 above mentioned and discussed results it could be concluded that beds more suitable for 

producing potato on rooftops than pots. In beds, even deep beds produced more potato yield per m2 but 
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shallow beds (bed shape, substrate depth 15cm, substrate volume 12.5L. /plant) offered the suitable 
conditions for producing potato on rooftops, also shallow beds offer high potato yield, less substrate initial 
cost, less weight on roof.  
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