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ABSTRACT 
Turning rooftops in Egypt to green cultivated tops full with vegetable crops can help in food security 
specially in big cities by increase the availability of fresh vegetables within cities and this can help in 
more stability in vegetable prices and reduce the extreme fluctuation in vegetable prices that happens 
in recent years. Furthermore, increase fresh vegetables help to secure food needs of citizens specially 
under the situation of continuous increase of Egyptian population. In this context, an experiment was 
carried out in the rooftop garden of Central Laboratory for Agricultural Climate (CLAC), Agriculture 
Research Center, Ministry of Agriculture and Land Reclamation, Dokki, Giza, Egypt during summer 
seasons of 2019 and 2020. The experiment was conducted to investigate the effect of using different 
substrate materials (local and imported) on the growth and production of eggplant cultivated in rooftop 
gardens. The tested growing media consisted of local substrates mixed together or with imported 
substrates available in the local market to reduce the cost of the growing media. 9 growing media have 
been tested in this study in relation to growth and yield of eggplant grown on rooftops and their 
description were as follow; sand : peat moss (1:1) v/v (SB1), sand : peat moss (2:1) v/v (SB2), sand : 
perlite (1:1) v/v (SPe1), sand : perlite (2:1) v/v (SPe2), sand : rice husks (1:1) v/v (SR1), sand : rice 
husks (2:1) v/v (SR2), sand : rice husks (1:2) v/v (SR3), crashed red bricks (CRb) and small gravel (Gr). 
Different measurements have been recorded during the experimental time such as; plant height, number 
of leaves, fresh and dry weights of aerial parts and roots, ratios between aerial parts and roots using 
both fresh and dry weights values, yield per m2, (N, P, K) % in leaves, and initial costs of growing 
media in comparison to yield. Results indicated that, from all 9 tested growing media mixtures SR1 
recorded the highest values regarding plant growth and yield followed by SR2. Nevertheless, when we 
compare between the cost of the growing media and yield, data indicated that SR2 was the cheapest 
growing medium followed by SRI. The initial cost of the growing media was about 13.5 and 10.75 E.P 
for SR1 and SR2 respectively and average yield was about 12.68 and 10.96 kg/m2 for SR1 and SR2 
respectively), while the most expensive growing media was SPe1 .The initial cost for SPe1 was about 
92.5 E.P and average yield was about 6.60 kg/m2). From all of that, both SR1 and SR2 can be considered 
as the most suitable growing media consisted of local materials (sand and rice husks) for producing 
eggplants on rooftops.  
 
Keywords: Eggplant, rooftop gardens, growing media, local materials. 

1. Introduction 

Agriculture in the 21st century faces multiple challenges. First, agriculture sector has to produce 
more and more food for the world growing population (World population is expected to grow up to 
reach 9.7 billion by the year of 2050). Secondly, not only the world population has grown steadily but 
also, most people now living in urban areas with a smaller rural labor force. Finally, the need for adopt 
more efficient and sustainable production methods to climate change (FAO, 2009 and 2019). Studies 
by the United Nations indicated that more people inhabit the urban areas than the rural areas each year 
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(UN, 2010). And it’s expected that the level of world urbanization will increase from 50% in 2009 to 
reach 69% in 2050. More than half of the world’s population lives in urban areas. As the rate of 
urbanization increases over time, the food production sites should be increasingly located near main 
consumption centers in cities and major urban areas. Consequently, urban agriculture is gaining 
relevance all over the world (Orsini et al., 2013). 

In last decade, the trend of growing vegetable crops on rooftops has gained more attention. 
Furthermore, rooftop gardens become an important part of urban agriculture’s in recent years; rooftop 
gardens create spaces for vegetable crops production, thereby creating opportunities for agricultural 
incorporation into urban communities. Rooftop cultivation can help to meet food demand by supplying 
fresh food products, reducing household expenditure for buying vegetable crops, reducing food prices 
through cut the cost of transportation and middle dealers, creating a healthy atmosphere by improving 
air quality and absorbing carbon dioxide from the air and lessening the impact of climate change. 
Cultivating rooftops within cities can improve various ecosystem services and reduce food insecurity. 
Food production from roofs will help support and sustain food for urban communities and provide a 
rare opportunity to grow food efficiently in typically unused spaces. As human populations become 
more urbanized and urban consumers become more interested in local food for their families, the use 
of alternative agricultural production systems, such as rooftop gardens technology, will increase in 
importance more and more in near future. Cultivating food crops on roofs is a key component of making 
cities more sustainable and habitable (Chowdhury et al., 2020). 

Many and different vegetable crops can be cultivated on rooftops, one of them is eggplant. 
(Solanum melongena) is one of the important vegetable in many countries of Asia and Africa. It is a 
good source of minerals and vitamins (Kumar et al., 2008). Also, it's considered as one of the popular 
vegetable crops for Egyptians. Metwally, (2015) studied the effect of producing eggplants on rooftops 
using different soilless culture systems (four different soilless systems have been tested; beds, horizontal 
bags and small & big pots systems). Also, a mixture of peat moss and perlite 1:1 v/v has been used in 
that experiment as the growing media in all tested systems. This research resulted that the bed system 
is the most suitable soilless culture system for producing eggplant on rooftops. Moreover, beds system 
is a simple soilless culture system that can be easily constructed on rooftops using simple materials. 

Perlite and peat moss are very promises growing media in soilless culture and rooftop cultivation 
but both perlite and peat moss are imported materials even they are available now in the Egyptian market 
but their prices in continues increase. Usually the main objective of the growers is to increase their 
profit by invest the minimum possible on infrastructure and achieving the maximum yield. In rooftops 
cultivation, beside all environmental prospective they gain or city will gain if rooftops turning green 
the urban grower need to maximizing the yield and minimizing the costs as possible. Therefore, it's 
important to search for local materials can be used as a growing media cheaper in prices than perlite 
and peat moss. For that, this search focused on finding available local materials use alone or mixed with 
other substrates to be cheaper in price and available any time. Different local materials have been tested 
in this research work such as; sand, rice husks, crashed red bricks and small gravel beside the use of 
perlite and peat moss by only as a part of the growing media to reduce the cost of the growing media 
mixtures. 
 

2. Material and Methods  
 

The experiment was carried out on rooftop garden of Central Laboratory for Agricultural Climate 
(CLAC), Agriculture Research Center, Ministry of Agriculture and Land Reclamation, Dokki, Giza, 
Egypt. During two successive summer seasons of 2019 and 2020. 

White oblong variety of eggplant (Solanum melongena) was used in this experiment. According 
to Metwally, (2015), the bed is the most suitable substrate culture system for producing eggplant on 
rooftops in Egypt. For that, bed system was used in this experiment. Seedlings have been transplanted 
into bed system during the beginning of April 2019 and 2020 respectively. Plant density was 9 seedlings 
per m2. 

 
2.1. Description of bed system according to Metwally, (2015). 

Bed system consisted of wooden table (100cm length, 100cm width, and 10cm depth) and height 
of table legs was about 60cm from roof floor. The entire depth of the tables have been padded with 
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black polyethylene sheets 0.7mm in thickness and equipped with drainage tube in one side, under this 
tube, a plastic bucket have been put under each table to collect the excess irrigation water. The entire 
depth of the previous described beds has been filled with 100L of each tested growing media. 

 
2.2. Treatments  

The tested growing media consisted of different local substrates mixed together or with imported 
substrates available in the local market but high in price such as (perlite – peat moss) to reduce the cost 
of the growing media, and study the effect of these different growing media on the growth and 
production of eggplant cultivated on rooftops. Description of the tested growing media was as follow: 

 
No. Growing medium Abbreviation 
1. Sand : peat moss (1:1) v/v SB1 
2. Sand : peat moss (2:1) v/v SB2 
3. Sand : perlite (1:1) v/v SPe1 
4. Sand : perlite (2:1) v/v SPe2 
5. Sand : rice husks (1:1) v/v SR1 
6. Sand : rice husks (2:1) v/v SR2 
7. Sand : rice husks (1:2) v/v SR3 
8. Crashed red bricks  CRb 
9. Small gravel  Gr 

 
Drip irrigation system has been used to deliver irrigation water and nutrient solution to each plant, 

then a slope about 1% have been made to collect the drained water and nutrient solution and return it 
back to the buckets under tables through drainage tube.  

The nutrient solution that used in this experiment was described by El-Behairy, (1994). 
Moreover, the electrical conductivity (EC) adjusted at the range of 2.5-3.0 m.mhos2. Digital EC meter 
was used to adjust the EC to the required level.  
 
2.3. Measurements 

Different measurements have been recorded during the experimental time such as: plant height, 
number of leaves, fresh and dry weights of aerial parts and roots, ratios between aerial parts and roots 
using both fresh and dry weights values. Yield per m2, (nitrogen, phosphorus, potassium) % in leaves, 
and initial costs of growing media in comparison to yield. 

Nitrogen, phosphorus and potassium % in leaves were measured using methods described by 
A.O.A.C., (1990). 
 
2.4. Statistical analysis 

The experiment 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 means were compared by determining the least significant difference (L.S.D) at a probability 
level of 0.05. 
 
3. Results 
 
3.1. Plant height 

Data in fig (1) illustrate the effect of using different substrate materials (local and imported) on 
plant height of eggplants grown on rooftops. Data recorded that in the first season, SR1 recorded the 
highest plant height followed by SR2 without significant difference between both of them. Then SB1, 
while the lowest plant values were obtained by Gr. Similar trends were observed in the second season 
except that the difference between SR1 and SR2 was significant. Moreover, SB2 recorded higher values 
than SB1, and SPe2 recorded higher plant height values than CRb. 

 
3.2. Number of leaves per plant 

Data in fig (2) illustrate the effect of using different substrate materials (local and imported) on 
number of leaves / plant of eggplants grown on rooftops. Data obtained from the first season indicated 
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that SR2 recorded the highest number of leaves followed by SR1 without significant difference between 
both of them, then SB1 followed by SB2, while, the lowest values were obtained from plants grown in 
Gr. In the second season, data indicated that SR1 recorded higher number of leaves than SR2 and the 
difference between both of them was significant. Moreover, SPe1 recorded higher values than SR3. 
Furthermore, Spe2 recorded the lowest values. 

 

  
Fig. 1: Effect of using different substrate materials (local and imported) on plant height of eggplants 

grown on rooftops during summer seasons of (2019 and 2020). 
 

  

Fig. 2: Effect of using different substrate materials (local and imported) on number of leaves per plant 
of eggplants grown on rooftops during summer seasons of (2019 and 2020). 

 
3.3. Fresh weight of aerial parts  

Data in fig (3) illustrate the effect of using different substrate materials (local and imported) on 
fresh weight of aerial parts / plant of eggplants grown on rooftops. Data collected from both seasons 
illustrated that the highest aerial parts fresh weight values were obtained from SR1 followed by SR2, 
while the lowest values recorded by Gr. 

 

  

Fig.3: Effect of using different substrate materials (local and imported) on fresh weight of aerial parts 
/ plant of eggplants grown on rooftops during summer seasons of (2019 and 2020). 
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3.4. Fresh weight of root system  

Data in fig (4) illustrate the effect of using different substrate materials (local and imported) on 
fresh weight of root system / plant of eggplants grown on rooftops. Data from first season illustrated 
that SR1 recorded the highest root fresh weight values followed by SR2, while Gr recorded the lowest 
values. The same trend was observed in the second season. 

 

  

Fig. 4: Effect of using different substrate materials (local and imported) on fresh weight of root system 
/ plant of eggplants grown on rooftops during summer seasons of (2019 and 2020). 

 
3.5. Dry weight of aerial parts 

Data in fig (5) illustrate the effect of using different substrate materials (local and imported) on 
dry weight of aerial parts / plant of eggplants grown on rooftops. Data from the first season indicated 
that, the highest dry weight of aerial parts were obtained from SR1 followed by SR2, SB1, SB2, SPe2, 
SR3, CRb, SPe1 respectively and finally Gr recorded the lowest values. The same trend was recorded 
in the second season. 
 

  
Fig. 5: Effect of using different substrate materials (local and imported) on dry weight of aerial parts/ 

plant of eggplants grown on rooftops during summer seasons of (2019 and 2020). 
 
3.6. Dry weight of root system  

Data in fig (6) illustrate the effect of using different substrate materials (local and imported) on 
dry weight of root system / plant of eggplants grown on rooftops. Data collected from the first season 
indicated that, SR1 recorded the highest root dry weight values followed by SR2 then SB1, SB2, SR3, 
SPe1, CRb, Gr respectively, While SPe2 recorded the lowest values. Similar trends were observed in 
the second season except that, the lowest dry weight values were recorded by Gr instead of SPe2. 

 
3.7. Ratio between fresh weights of aerial parts and root system per plant 

Data in fig (7) illustrate the effect of using different substrate materials (local and imported) on 
ratio between fresh weights of aerial parts and root system per plant of eggplants grown on rooftops. 
Data from both seasons showed that Gr recorded the highest ratio. On the other hand, in the first season 
SR3 recorded the lowest ratio followed by SPe1 without significant difference between both of them. 



Curr. Sci. Int., 10(4): 809-818, 2021 
EISSN: 2706-7920   ISSN: 2077-4435                                                 DOI: 10.36632/csi/2021.10.4.67 

814 

In the second season, SPe1 recorded the lowest ratio followed by SR3 and the difference between both 
of them was insignificant. 

 

  

Fig. 6: Effect of using different substrate materials (local and imported) on dry weight of root system / 
plant of eggplants grown on rooftops during summer seasons of (2019 and 2020). 

 

 
 

Fig. 7: Effect of using different substrate materials (local and imported) on ratio between fresh weights 
of aerial parts and root system per plant of eggplants grown on rooftops during summer seasons 
of (2019 and 2020). 

 
3.8. Ratio between dry weights of aerial parts and root system per plant 

Data in fig (8) illustrate the effect of using different substrate materials (local and imported) on 
ratio between dry weights of aerial parts and root system per plant of eggplants grown on rooftops. Data 
collected from the first season indicated that, SR1 recorded the lowest ratio followed by SB1 then SB2, 
while SPe2 recorded the highest ratio. Data showed similar trends in the second season except that SB2 
recorded lower ratio than SB1. 

 

  

Fig. 8: Effect of using different substrate materials (local and imported) on ratio between dry weights 
of aerial parts and root system per plant of eggplants grown on rooftops during summer seasons 
of (2019 and 2020). 
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3.9. Yield per m2 
Data in fig (9) illustrate the effect of using different substrate materials (local and imported) on 

yield / m2 of eggplants grown on rooftops. Data from both seasons indicated that, SR1 gave the highest 
yield values, while Gr gave the lowest yield values per m2. Furthermore, data showed that increase sand 
portion in the growing media mixtures, reduced yield values (SB1 recorded higher yield values than 
SB2, SPe1 recorded higher yield values than SPe2, and SR1 gave higher yield values than SR2). 
Regarding the effect of increasing rice husk portion in growing media, data indicated that increase rice 
husks portion in growing mixture, led to decrease yield values (SR3 recorded lower yield values than 
both SRI and SR2). 

 

  
Fig. 9: Effect of using different substrate materials (local and imported) on yield per m2 of eggplants 
           grown on rooftops during summer seasons of (2019 and 2020). 
 
3.10. Nitrogen and phosphorus and potassium % in leaves 

Data in table (1) illustrate the effect of using different substrate materials (local and imported) on 
(nitrogen, phosphorus and potassium) % in leaves of eggplants grown on rooftops. 
 
Table 1: Effect of using different substrate materials (local and imported) on (nitrogen, phosphorus and 

potassium) % in leaves of eggplants grown on rooftops during summer seasons of (2019 and 
2020). 

Treatments 
Nitrogen %  Phosphorus %  Potassium %  

First 
season 

Second 
season 

First 
 season 

Second 
season 

First season Second 
season 

SB1 4.10 3.86 0.313 0.300 4.07 3.99 
SB2 3.80 3.44 0.360 0.387 4.03 3.94 
SPe1 2.92 2.82 0.237 0.317 2.84 2.99 
SPe2 2.94 2.90 0.270 0.314 2.17 2.38 
SR1 4.35 4.12 0.340 0.403 4.13 4.45 
SR2 4.28 3.92 0.363 0.383 4.18 4.10 
SR3 4.10 3.90 0.287 0.330 4.00 3.60 
CRb 3.34 3.04 0.319 0.359 3.01 3.16 
Gr 2.47 2.76 0.296 0.330 2.05 2.10 

LSD 0.05 0.34 0.32 N.S. N.S. 0.25 0.27 

 
3.10.1. Regarding nitrogen % in leaves 

Data collected from the first season showed that SR1 recorded the highest N% followed by SR2 
without significant difference between both of them. On the contrary, plants grown in Gr recorded the 
lowest N% in their leaves. Similar trends were observed in the second season except that SR3 recorded 
higher N% than SB1 without significant difference between both of them. 
 
3.10.2. Regarding phosphorus % in leaves 

There were no significant differences among treatments in both seasons. 
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3.10.3. Regarding potassium % in leaves 

Data collected from first season indicated that, SR2 recorded the highest K% followed by SR1 
without significant difference between both of them, then SB1, while plants grown in Gr recorded the 
lowest K%. Similar trend was observed in the second season except that SR1 recorded higher K% than 
SR2 and the difference between both of them was significant. 

 
3.11. Initial costs of growing media in comparison to yield 

Regarding the initial cost of the growing media, data indicated that the lowest growing media in 
cost was SR2 followed by SR1, SR3, CRb, SB2, Gr, SB1, SPe2 and finally SPe1 was the highest 
growing media in costs. 

Regarding yield, the highest yield was recorded by SR1 followed by SR2, SB1, SB2, SR3, Spe1, 
CRb, SPe2 and finally Gr recorded the lowest yield values. 

When we compare between the cost of the growing media and yield, data indicated that SR2 was 
the cheapest growing medium followed by SRI. The initial cost of the growing media was about 13.5 
and 10.75 E.P./m2 for SR1 and SR2 respectively and average yield was about 12.68 and 10.96 kg/m2 
for SR1 and SR2 respectively), while the most expensive growing media was SPe1 .The initial cost for 
SPe1 was about 92.5 E.P and average yield was about 6.60 kg/m2).  

 
Table 2: Comparison between initial costs of growing media and yield  

Treatments 
Amount of 

growing 
media /m2 

Composition of growing 
media 

Initial cost of growing 
media (E.P./m2) 

Yield (kg/m2) 
Average 2 seasons 

SB1 

100 L/m2 

Sand : peat moss (1:1) v/v 61.5 9.47 
SB2 Sand : peat moss (2:1) v/v 43.4 8.73 
SPe1 Sand : perlite (1:1) v/v 92.5 6.60 
SPe2 Sand : perlite (2:1) v/v 64.5 5.22 
SR1 Sand : rice husks (1:1) v/v 13.5 12.68 
SR2 Sand : rice husks (2:1) v/v 10.78 10.96 
SR3 Sand : rice husks (1:2) v/v 16.22 7.69 
CRb Crashed red bricks  42 6.29 
Gr Small gravel  52 4.46 

 
4. Discussion  
 

The overall results illustrated that SR1 (mixture of sand and rice husks (1:1) v/v) was the most 
suitable growing medium for producing eggplant than all other tested growing media; plants growing 
in SR1 recorded the highest values for yield and plant growth parameters. This may be a result for the 
suitability of the growing media contents for the needs of eggplants which led to the superior growth of 
plants grown in the SR1 than all other test growing media. 

Riaz et al. (2008) mentioned that growing media is known to have large effect on the plant growth 
characteristics. Also, Lemaire, (1995) reported that one of the main factors affecting the physiological 
and productive performance of the plant in substrate culture is the type of substrate itself. Furthermore, 
the good growing medium would support the plant to grow well; it serves as reservoir for nutrients and 
water, allow oxygen diffusion to the roots and permit gaseous exchange between the roots and 
atmosphere outside the root substrate (Abad et al., 2002). 

Results showed that plants grown in SR1 recorded the highest values for plant height, number of 
leaves, fresh and dry weights of the aerial parts and roots, depending on that plants grown on SR1 
produced more canopy than all tested growing media , this canopy was supported by a very big healthy 
root system absorb water and nutrients need for plant growth. Results also indicated that plants grown 
in SR1 recorded the highest nitrogen and potassium % in their leaves. 

SR1 consisted of two different substrates (sand and rice husks) mixed together with equal volume 
from each of them. This mix from two different substrates helped in reaching good characteristics for 
the growing media that reflected positively in the growth and yield of eggplants grown in it. Maloupa 
et al. (2001) reported that mixed substrates can maintain favorable physical conditions over longer 
period than the use of single substrate. 
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Sand; many grades of sand are available and can be used as a growing medium or as a component 
of various substrate mixtures in order to improve the drainage and increase aeration properties. Pure 
sand is widely used, because it is a cheap, local and a natural available source (Raviv et al., 2002). 

Rice husk is important agricultural waste material used as a planting medium. 20% of the rice by 
weight is husk. Rice husk is considered as a good planting medium due to its light weight and good 
chemical and physical properties (Awang et al., 2009). Furthermore, Tsakaldimi, (2006) reported that 
rice husks have low water-holding capacity and high pore space. Rice husks have been used as a 
substitute for many substrates such as vermiculite and perlite and were reported to be effective in 
improving drainage or aeration of the growing media. It is remarkable that increase aeration and 
drainage support the growth of the root system. 

Rice husk, it is a by-product of milling industry and is one of the important agricultural waste 
materials used as a growing medium. The microanalysis of rice husk shows that it contains C (37%), 
ash (20%) and the main constituents of the ash is SiO2 (94%). Thus, this raw material can act as a 
sorbent for nutrients due to its high content from silica (Tran et al., 1999).  

All of these may led to superior of SR1 than all other tested growing media. 
 

5. Conclusion  
It could be concluded that both SR1 and SR2 can be considered as the most suitable growing 

media consisted of local materials (sand and rice husks) for producing eggplants on rooftops considering 
yield and initial costs of the growing media. Both sand and rice husks are low-cost, easily available 
materials, available all year round in the Egyptian market. 
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