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ABSTRACT

In substrate culture, determine the suitable raw materials that can be used as a substrate even alone or
mixed together for vegetable production it’s not an easy process; because of the potential impacts of
these substances, which may have an impact on plant development and productivity directly or
indirectly. Consequently, select the best substrate mixture that consists of various materials is
imperative to plant productivity. In this context, 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 two summer seasons of 2021 and
2022. The aim of this work was to determine the most suitable substrate mixture for producing hot
pepper. Different substrate mixtures have been examined in this experiment with regard to both growth
and yield of hot pepper, their description was as follow; mixture of perlite : coco peat 1:1 v/v (PeCo),
mixture of sand : rice husk 1:1 v/v (SRh), mixture of sand : coco peat 1:1 v/v (SCo) and mixture of sand
: coco peat : rice husk 1:1:1 v/v/v (SCoRh).The obtained results indicated that mixture of perlite : coco
peat recorded the highest values for plant hight, number of leaves per plant, fresh and dry weights of
aerial parts, root fresh and dry weights and yield per m* Furthermore,a close result have been recorded
by mixture of sand : rice husk. For that, both substrate mixtures (mixture of perlite: coco peat and
mixture of sand: rice husk) can be considered as a suitable substrate mixture for producing hot pepper
grown in pot system.
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1. Introduction

It is commonly known that in situations where significant soil and water issues (such as chemical
residues in soil, water salinity, soil-borne pests, and water scarcity) could make conventional soil
production challenging, soilless culture provides an alternative to soil culture. The primary benefits of
soilless culture include easier and more precise control over the production elements which will lead to
increase the productivity, less labor requirements, no need for soil sterilization, and the ability to grow
more crops annually (Tuzel et al., 2008).

Globally, as civilization has advanced, soil farming has faced significant obstacles, including a
decrease in the amount of available land. In addition, the soil cultivation will face increasingly difficult
challenges because of the quickening pace of urbanization and industrialization, as well as the dangers
posed by climate change and its unfavorable consequences. In these conditions, feeding the entire
population with soil production will be complicated in the near future. In order to meet these issues,
soilless culture is inevitably becoming more important in the current scenario. The fastest-growing area
of agriculture is soilless culture, which may provide a boost to food production in the future. Future soil
growth conditions are projected to make the soilless culture sector grow tremendously as well. By
applying a soilless cultivation method with artificial substrates, water and nutrients could be used more
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effectively, and the amount of pesticides needed to manage pests and diseases could be reduced. High
yields, quick harvesting, consistent exceptional quality, and high nutrient content are characteristics of
plants grown in soilless culture (Hussain ef al., 2014).

Popular local crops could be grown using soilless culture at a fair price while adhering to food
safety regulations (Paul, 2000). Soilless agriculture can assist in managing production systems to
effectively use natural resources and reduce malnutrition, as well as in addressing the problems posed
by climate change (Butler and Oebker, 2006).

Substrate culture is one of soilless systems. Substrates are materials other than soil used to grow
plants in it. These may consist of inorganic materials like perlite, sand, gravel, vermiculite and expanded
clay or organic materials like peat, coconut coir, and tree bark (Grunert et a/., 2008 and Vaughn et al.,
2011). In addition, Nair ez al., (2011) reported that substrates can be used individuals or as mixtures
such as peat and perlite or peat and compost...etc.

The type of growth material used in greenhouse crop production is one of the most crucial
cultivation inputs, possibly the most crucial (Angin et al., 2011).

The most popular kind of substrate used in soilless growth systems in pots or containers is perlite.
Granules of perlite are made of a silicone mineral that occurs in volcanoes and is incredibly light. You
can add this medium to growing mediums to improve the substrate's drainage and aeration (Hussain et
al, 2014).

One of the significant agricultural waste products utilized as a growing medium for plants is rice
husk, a byproduct of the milling industry (Tran et al., 1999). Moreover, Awang et al. (2009) stated that
a valuable agricultural waste product used as a planting substrate is rice husk; it makes up 20% of the
weight of rice. Because of its good chemical and physical qualities and light weight, rice husk is
regarded as an excellent growing medium.

Shredded coconut husks are used to make coco peat, an entirely organic material. As the seed
floats in the ocean, the coconut husk protects it from the sun and salt and provides a hormone-rich,
fungus-free milieu that accelerates germination and rooting when the seed lands on land. Coconut coir,
which is steam sterilized and finely shredded, provides plants with an optimal rooting medium while
simultaneously providing defense against fungi and root diseases. Coir is also a fully renewable
resource, in contrast to peat moss, which is quickly running out due to overuse (Hussain et al., 2014).

For plants that need a proper growing environment with loose soil, sand is a useful growing
medium. Overflowing water will not seep into the sand the way it would in clay, but instead cause
runoff. Since sand is lightweight and easy for root plants to expand in, it produces more vegetables for
root plants like potatoes and carrots (Hussain ef al., 2014).

Hot pepper is a widely utilized vegetable and spice crop for both domestic and commercial
purposes (Khan et al., 2012).

For that the aim of this work was to determine the most suitable substrate mixture for producing
hot pepper.

2. 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 two summer seasons of 2021 and 2022.

Seedlings of hot peppers (Capsicum annuum) have been cultivated in pots system in the first
week of April 2021 and replicated in the same time at 2022.

2.1. Description of the cultivation system

The pots system used in this research was made up of a wooden table (100 cm length, 100 cm
width, and 10 cm depth). The entire depth of the tables has been padded with 0.7 mm-thick black
polyethylene sheets with a drainage tube on one side. Under this tube, plastic tank have been put under
each table to collect the excess irrigation water. 12 black polyethylene pots have arranged on the entire
depth of the table. Each pot was filled with 5 liters of the tested mixtures. Each pot has holes in the
bottom for release the excess drainage. Drip irrigation system have been used to deliver water and
nutrients to each pot, a slope about 1% have been made to collect the excess drainage solution and
return it back to the tank using the drainage tube. The used nutrient solution was described by (El-
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Behairy, 1994). EC varied between 2.0 and 2.5 m.mhos” thought experimental time. The EC was
adjusted to the necessary level using a digital EC meter.

2.3. Treatments
4 different substrate mixtures have been examined in this experiment with regard to both growth and
yield of hot pepper, their description was as follow:
1. Mixture of perlite : coco peat 1:1 v/v (PeCo).
2. Mixture of sand : rice husk 1:1 v/v (SRh).
3. Mixture of sand : coco peatl:1 v/v (SCo).
4. Mixture of sand : coco peat : rice husk 1:1:1 v/v/v (SCoRh).

2.4. Measurements

Throughout the experiment, different measurements have been recorded, like; plant height,
number of leaves, fresh weights of aerial parts and root, dry weights of aerial parts and root, yield per
m?, percentage of (nitrogen, phosphorus, potassium) in leaves

Nitrogen, phosphorus and potassium percentages were determined using methods described by
(A.0.A.C,, 1990).

2.5. Experimental Design and Statistical analysis

The experiment was arranged in complete randomized blocks design with three replicates. The
collected data were analyzed using ANOV A 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) presents the impact of substrates mixtures on plant height. Data of the first season
indicated that the highest plant height values were obtained from plants grown in PeCo followed by
SRh, SCo and SCoRh respectively. Differences among treatments were significant. Data recorded
similar trend in the second season except the difference between PeCo and SRh was not significant.
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Fig. 1: Impact of substrate mixtures on plant height (cm) of hot pepper grown in pots system on rooftops
during seasons of 2021 and 2022.

3.2. Number of leaves

Data in fig (2) presents the impact of substrates mixtures on number of leaves per plant. In both
seasons, data illustrated that PeCo recorded the highest number of leaves per plant followed by SRh,
and SCo respectively. However, SCoRh recorded the lowest number of leaves. Data also indicated that
there were significant differences among treatments in both seasons.
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Fig. 2: Impact of substrate mixtures on number of leaves per plant of hot pepper grown in pots system
on rooftops during seasons of 2021 and 2022.

3.3. Fresh weight of aerial parts

Data in fig (3) illustrate the impact of substrates mixtures on fresh weight of aerial parts per plant.
In both seasons, data indicated that PeCo recorded the highest fresh weight of aerial parts then SRh,
and SCo respectively. While, the lowest value for fresh weight of aerial parts was obtained from SCoRh.
Data also indicated that there were significant differences among treatments in both seasons.
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Fig.3: Impact of substrate mixtures on fresh weight of aerial parts per plant (g) of hot pepper grown in
pots system on rooftops during seasons of 2021 and 2022.

3.4. Root fresh weight

Data in fig (4) present the impact of substrates mixtures on root fresh weight per plant. In the first
season, data showed that PeCo recorded the highest root fresh weight followed by SRh, and SCo
respectively. While, the lowest value for root fresh weight was obtained from SCoRh. In addition, all
differences among treatments were significant. In the second season, similar trend was recorded except
that there was no significant difference between PeCo and SRh.

3.5. Dry weight of aerial parts

Data in fig (5) present the impact of substrates mixtures on dry weight of aerial parts per plant.
First season data showed that PeCo recorded the highest dry weight of aerial parts followed by SRh,
then SCo and SCoRh respectively. There were significant differences among treatments. In the second
season, data illustrated the same trend except that the highest dry weight was obtained by SRh instead
of PeCo.
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Fig. 4: Impact of substrate mixtures on root fresh weight per plant (g) of hot pepper grown in pots
system on rooftops during seasons of 2021 and 2022.
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Fig. 5: Impact of substrate mixtures on dry weight of aerial parts per plant (g) of hot pepper grown in
pots system on rooftops during seasons of 2021 and 2022.

3.6. Root dry weight

Data in fig (6) illustrate the impact of substrates mixtures on root dry weight per plant. Data from
first season indicated that PeCo recorded the highest root dry weight values followed by SRh, and SCo
respectively. While, the lowest value for root dry weight was obtained from SCoRh. Data clarified that
there were significant differences among treatments except the difference between PeCo and SRh. In
the second season, data shows similar trend except that SRh recorded higher values than PeCo, even so

the difference between them still not significant.
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Fig. 6: Impact of substrate mixtures on root dry weight per plant (g) of hot pepper grown in pots system

on rooftops during seasons of 2021 and 2022.
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3.7. Yield per m?

Data in fig (7) present the impact of substrates mixtures on yield per m”. First season data
illustrated that the highest yield values was obtained by PeCo followed by SRh, and SCo respectively.
While, the lowest yield value was obtained by SCoRh. In addition, there were significant differences
among treatments. In the second season, similar trend was obtained except that there was no significant
difference between PeCo and SRh.
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Fig. 7: Impact of substrate mixtures on yield per m? (kg) of hot pepper grown in pots system on rooftops
during seasons of 2021 and 2022.

3.8. Percentages of nitrogen, phosphorus and potassium in leaves

Data in table 1 present the impact of substrates mixtures on percentages of nitrogen, phosphorus
and potassium in leaves.

Regarding nitrogen %, first season data indicated that the highest nitrogen% was found in SRh
then PeCo, SCo and SCoRh respectively. The difference between SRh and PeCo were not significant,
other than that all other differences were significant. In the second season, data illustrated that PeCo
recorded higher nitrogen % than SRh. Moreover, difference between PeCo and SRh was not significant
& difference between SRh and SCo was not significant.

Regarding phosphorus %, first season data illustrated that PeCo recorded the highest phosphorus
% followed by SRh, then SCo and finally SCoRh recorded the lowest percentage. There were significant
differences among treatments. In the second season, similar trend was found except there was no
significant difference between PeCo and SRh.

Concerning potassium %, first season data indicated that the highest potassium % was found in
PeCo then SRh, SCoRh and SCo respectively. There were significant differences among treatments
except between SCoRh and SCo. In the second season, similar trend was found except that SCo
recorded a higher potassium % than SCoRh. Furthermore, there were significant differences among all
treatments.

Table 1: Impact of substrate mixtures on percentages of (nitrogen, phosphorus and potassium) in leaves
of hot pepper grown in pots system on rooftops during seasons of 2021 and 2022.

Substrate mixture Nitrogen % Phosphorus % Potassium %
1stseason  2"9season  1%fseason  2"d season 1%t season 2" season
PeCo 3.99 3.95 0.396 0.415 3.44 3.62
SRh 4.05 3.89 0.384 0.406 3.30 3.49
SCo 3.69 3.81 0.327 0.338 2.78 2.99
SCoRh 3.09 2.99 0.303 0.301 2.82 2.76
LSD 0.13 0.10 0.012 0.021 0.09 0.12

PeCo: perlite : coco peat 1:1 v/v, SRh: sand : rice husk 1:1 v/v, SCo: sand : coco peat 1:1 v/v, SCoRh: sand :
coco peat : rice husk 1:1:1 v/v/v.
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4. Discussion

Results clarified that mixture of perlite : coco peat"1:1 v/v" recorded the highest values for plant
growth paramaters and yield. Furthermore, a close result have been recorded by mixture of sand : rice
husk "1:1 v/v" . For that, both substrate mixtures (mixture of perlite : coco peat and mixture of sand :
rice husk) could be considered as a suitable substrate mixture for producing hot pepper grown in pot
system. Abad et al., (2002) reported that 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. In addition Riaz et al.,
(2008) illustrated that growing media is known to have large effect on the plant growth characteristics.
Schmilewski, (2009) reported that various ingredients have been used as a substrate for vegetable
production throughout the world. The used materials were varying based on local availability. Such
materials can be inorganic or organic, but growing media are often formulated from a mixture of
different materials in order to achieve the correct balance of air availability and water holding capacity
for the plants to be grown well (Bilderback et al., 2005; Schroeder and Shell, 2009).

Mixture of perlite: coco peat consisted of equal volumes from perlite and coco peat. This
combination offer good aeriation from perlite and good water avaiability from coco peat with
maintained good environment in root zone that support the growth of plants grown in it.

Perlite is a lightweight substance made from crushed volcanic lava rocks heated to temperatures
between 900 and 1000 degrees Celsius. Granules swell as a result of the heated air leaving the system
and creating air gaps, which lead to significant expansion. It can be irrigated directly or by using
subsurface irrigation technique because of its strong drainage capacity and capillary porosity. For the
successful growth of various vegetable crops, seeds, flowers, and indoor ornamental plants, perlite is
frequently used alone or in combination with other substrates like peat moss (El-Behairy, 2015).

The coconut husk is composted to create coco peat. Composting results in the decomposition of
hemicellulose, cellulose, and partially lignine components, this raises the level of humic acid and CEC
and changes some physical characteristics like total porosity and readily available water but decreases
air-filled porosity. Following the composting process, coco peat is dried to pre determined moisture
content, packed into bales, bundled, and transported. Coco peat swells to five to nine times its
compressed capacity when water is added. Due to its growth characteristics that are comparable to those
of peat, coco peat is frequently utilized as a substitute growing medium for soilless vegetable, cut
flower, and potted plant culture (Stamps and Evans, 1997).

Moreover, El-Behairy, (2015) mentioned that substrates could be used in a separate form as
agricultural substrate or may be mixed together to attain the best characteristic for the plants to be
grown. In addition, Maloupa ef al. (2001) showed that using a mix of substrates can keep ideal physical
conditions for a longer time than using a single substrate. For the mixture of sand: rice husk is consists
of equal volumes from sand and rice husk mixed together. The produced mixture may have appropriate
characteristics to the growth of hot pepper plants than if we used each substrate individual. The rice
husk has poor water holding capacity and a good aeration, when mixed with the small particles of sand
it may increased the available water surround plant roots and created a good environments to plant root
that helped plants to establish a good canopy holds a high yield. This supports with results that indicated
that hot pepper plants grown in mixture of sand: rice husk produced high values for fresh and dry
weights of root system and aerial parts. Awang et al. (2009) mentioned that rice husk is important
agricultural waste material used as a substrate, and it's considered as a good substrate due to its light
weight and good chemical and physical properties. In addition, 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. Vaughn et al. (2011) further stated that there is increased interest in using
mixes of organic and inorganic components as growing substrates in soilless culture. Better plant
development and yield are produced when inorganic materials are added to organic ones. Probably
mixing led to increase water holding capacity of inorganic components, and increase aeration of organic
components. That promotes vigorous root growth, which allows better growth of foliage and therefore
increases whole yield of plants.
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5. Conclusion

It could be conclouded that both substrate mixtures (mixture of perlite : coco peat and mixture of
sand : rice husk) can be considered as a suitable substrate mixture for producing hot pepper grown in
pot system.
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