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ABSTRACT: Scarcities of healthy and quality potato tuber seeds are the problem of the production of potatoes in the 
world. Especially, in developing countries it is a serious problem that cause decline in the production and productivity of 
the potatoes and hampers the profits of producers. To alleviate this problem, many countries produce the mini tubers in 
screen house from diseases-free planting materials in pots or seed bade made of pathogen-free media. Most reviewed 
papers indicated that a media used to grow potato in screen houses are made of a combination of different substrates for 
the suitability of the crop gown on it as it provides sufficient nutrients, aeration, support, and water. Developed countries 
use rock wool, vermiculite, peat, and other expensive media made by factories while the underdeveloped use cheap 
materials that are easily available in their surroundings like forest soil, sand, compost, and FYM (farm yard manure). There 
is also limited research concerning these materials in developing countries, especially, about the ratio of mixing and types 
to be mixed. The expensive materials used for pot media making are not found in Ethiopia though there are surplus raw 
materials. Therefore, this review was conducted to assess the information available about the different screen house 
growing media used worldwide and conceptualize for future utilization. It is concluded that researchers should work on 
the availability of healthy and quality tuber seed by increasing the numbers produced in screen house through agronomic 
and other techniques of production solving problems related to potting media. 
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INTRODUCTION 
 
Potato is one of the highly productive crops of the high 
lands of the world. Its production depends on the inputs 
applied, and the soil media where potatoes growing take 
place. Especially in screen house where potato mini-
tubers are produced in pots, the amount of the soil media 
filled to pots and the content of the soil media filled to the 
pots are found to be adversely affecting mini-tuber 
production (Sharma and Pandey, 2013) as it is supposed 
to provide sufficient nutrients, aeration, support, and water. 
Scarcities of healthy and quality potato tuber seeds are the 
problem of the production of potatoes in the world. It is not 
available in the amount required for the producers in 
almost all countries of the world, especially, in developing 
countries, it is a serious problem that cause decline in the 

production and productivities of the potatoes and hampers 
the profits of producers. To alleviate this problem, many 
countries produce the mini tubers in screen house from 
diseases-free planting materials in pots or seed bade 
made of pathogen-free media. Field soil was reported as 
not satisfying potato production medium in the pot under 
screen house (Zimba et al., 2014). This is because soil 
cannot supply sufficient aeration, drainage, and water 
holding capacity (Albajes et al., 2002). The addition of 
sand and FYM (farm yard manure) can improve the 
aeration, drainage, and the water holding capacity. Other 
media like sawdust, vermiculit, perlite, sphagnum, peat, 
pumice, styroform, compost, and sand are used for 
growing plantlets in screen house (Balali et al., 2008).  
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Expensive medium like rock wool was used as the best 
media in Northen Europe (Zimba et al., 2014). According 
to Zimba et al. (2014), vermicullite and rock wool are very 
expensive media while developing countries requiring 
locally available cheap material (Mobini et al., 2009). 
Forest soil, sand soil, and FYM are cheap and locally 
available alternative media that can substitute these 
expensive media though the best combination of the three 
needs to be identified that encourage mini-tuber 
production improving soil drainage, aeration, and water 
holding capacity aspects.  

Another production constraint is the lack of quality basic 
seed (Aheisibwe et al., 2015).  Acceptable quality seeds 
are the critical concern of farmers and researchers (Roy, 
2014) as it ensures a harvest increase of 15 to 25%. The 
cost of potato seeds reached 40 to 60% of potato 
production costs (Gildemacher et al., 2011; Kaur et al., 
2015). Therefore, increasing the number and quality of the 
seed potato, through different agronomic and technique of 
production, improve the productivity of potato.  

According to Ahloowalia (1994), potato mini-tuber 
production affected by duration of in vitro culture, and ex-
plant.  Besides these, size of cutting (whole plantlets vs. 
nodal cuttings) and nodal position (Ali et al., 1995) are 
among the factors affecting mini-tuber produced. 
Furthermore, various physiological and agronomic factors 
such as, age and pre-treatment of plantlets at planting, 
conditions and period of hardening, time of 
planting/season, the composition of soil media, fertilizer 
doses, type of structure under which grown, lights, method 
of planting, plantlet density, use of plantlets as full or after 
cutting, irrigation, inter-culture, and crop duration, etc. may 
affect the mini-tuber production potential of plantlets 
(Sharma and Pandey, 2013).   

Mini-tuber production is affected by genotype (Powell et 
al., 1989). Cultivars differ widely in their capacity to 
produce mini-tubers, some being much more productive 
than others (Venkatasalam et al., 2011; Sharma et al., 
2013). A tenfold difference in the yield of mini-tubers 
between the highest and lowest yielding varieties has been 
reported by Ahloowalia (1994). Significant differences 
among the potato cultivars used to establish plantlets in 
the green houses, canopy cover, number, and yield of 
mini-tubers have been reported to occur (Kumar et al., 
2007; 2011).  Therefore, selecting variety that produces 
the largest amounts of mini-tubers with appropriate sizes 
need to be identified and produced for time, economy, and 
energy efficiency.  

The screen house mini-tuber production is aimed to get 
a large number of diseases free mini- tubers in the short 
time and low cost of production to restore the farmer who 
used his/her own rotated seed potatoes for extended years 
in open field with stored pathogens that resulted in high 
yield and quality losses (Gildemacher et al., 2009). Even 
with these significant advancements, the good quality 
seed remains a constraint of potato productions 
(Aheisibwe et al., 2015). Therefore, increasing the number  
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and quality of mini-tubers produced in screen house is a 
substitute less strategies using agronomic and other 
techniques of production system. This review is aimed to 
be conducted to assess the information available about 
different screen house growing media used worldwide and 
conceptualize for future utilization.   
 
 
CLEAN POTATO SEEDS 
 
Importance of clean potato seeds 
 
The disease-free potato seed play a great role in 
increasing productivity of potato and improve the livelihood 
of producers (Hirpa et al. 2010; Otazu 2010; Limenih and 
Tefera, 2014; Abebe et al., 2014).  According to Tessema 
and Dagne (2018), the yield losses due to the use of poor 
quality potato seed reach 30 to 50%. The presence of a 
huge yield difference between good and the poor quality 
seed was mentioned in Endale et al. (2008). According to 
Zimba et al. (2014), farmers’ who use infected seed tuber 
revolved for many years without selection led to low 
productivity of the crop. 
 
 
Sources of the potato clean seeds 
 
The sources of the potato clean seed must be an 
organization or private seed producers that employ tissue 
culture plantlet development, multiplication followed by 
micro and/or mini-tuber production under controlled 
environments. According to the Ethiopian situation, 
government research centers, especially Holleta Research 
Center found in Oromia region 37 km west of Addis Ababa 
and Adet Research Center found in Amhara region are 
formal functioning according to the science of diseases 
free potato mini-tuber production needs in addition to one 
research institute and other two NGOS. According to 
Harahagazwe et al. (2018), there are four potato seed 
producers such as; Adet Agricultural Research Center, 
Amhara Agricultural Research Institute Laboratory, 
Organization for Rehabilitation and Development of 
Amhara and Holetta Agricultural Research Center. This 
source also indicated solagro plc was also involved in 
potato seed production and disseminations. Solagro is a 
licensed company that produces formal potato seeds and 
sells to the producers (Hirpa et al., 2019). It has its own 
plant and molecular laboratory (ELISA and qPCR) which 
is important to certify the phytosanitary quality of seed 
potatoes (Solagrow PLC, 2011). Due to the less capacity 
of these mini-tubers producing organization, diseases-free 
mini-tuber unavailability prevalent and dominant. It 
requires other strong private sectors that conduct tissue 
culture and produce mini-tuber under a controlled 
environment to solve the problem of shortage of diseases-
free seed potatoes to boost the productivity of the crop and 
improve the producers of potatoes life. According to  
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Brasesco et al. (2019), the countrywide production of 
certified potato seeds covers only 0.2 percent of demand 
which are 800 tons per year, while the total annual demand 
for potato seed accounts for approximately 330,000 tones 
in Ethiopia. All the remaining 329,200 tons are supplied 
from informal seed produces mainly farmer cooperatives 
and individual farmers. This informal channel dominates 
the potato seed supply chain and distribute poor quality 
potato seeds which resulted in low yields and high 
incidence of diseases (Brasesco et al., 2019).  
 
 
TYPE OF SOIL MEDIA USED TO PRODUCE POTATO 
IN A SCREEN HOUSE  
 
The soil media provide for the crop nutrient, water, 
aeration, and support. According to Olle et al. (2012), 
growing media provide aeration and water, allow for 
maximum root growth, and physically support the plant. 
Growing media should have appropriate soil particles 
sizes distribution which forms an appropriate soil structure 
with adequate pore spaces (Bilderback et al., 2005). 
Proper particle size selection or combination is vital for 
forming light and well-aerated medium that facilitate fast 
seed germination and emergence, sufficient water holding 
capacity, strong root growth, and adequate water 
drainage. Different researches mixed different organic and 
inorganic media to form good growing media and tested 
the performance of the media on the basis of the number 
and weight of tubers the media provided. Obradovic and 
Sukha (1993) reported a higher yield and number of tubers 
from vermiculite + sand media as compared to peat moss 
+ sand media combine in the ratio of 4:1. Screen house 
potatoes mini-tuber production uses substrate made of 
normal soil (e.g., forest soil), sand and peat, or compost at 
a ratio of 2:1:1 (Parker et al., 2018).  In line with these, 
Harahagazwe et al. (2018), indicated seedbeds in screen 
houses use a media made of a mixture of soil, sand, and 
manure in a ratio of 1:1:1 after sterilizing (removing living 
organisms) by steaming it for approximately 7 to 10 hours. 
Not only the type of materials mixed but also the ratios of 
the mixture also have importance on the number and 
quality of mini-tuber harvested. In research with treatments 
of perlite, soil, perlite + vermiculite (1:1 v/v), perlite + peat 
moss (1:1, v/v), perlite + soil (1:1, v/v), perlite + soil + 
composted cattle manure (4:3:3 v/v), and perlite + soil + 
vermicompost (4:3:3v/v), the highest value of particle 
density and bulk density; and the lowest value of porosity 
and EC were obtained from the media that contained 
perlite (Kamrani et al., 2019). The greatest value of leaf 
chlorophyll index throughout the growing period was 
observed at perlite + soil + composted cattle manure and 
perlite + soil + vermicompost. This was likely due to excess 
availability of N. Substitute media searching for the 
traditional soilless growing media and chemical fertilizing 
is also a worry of some of the researches especially, due 
to expensiveness and less availability of the media as well  

 
 
 
 
as the outcome they provide (Douglas, 2020; Zimba et al., 
2018). These soilless media mixtures are inorganic 
substrates added to growing media for physical and 
chemical property adjustment of the soil for the need of 
aeration, water holding capacity, and proper drainages. 
The combination of organic and inorganic substrates 
promotes nutrient uptake, forms suitable growth and 
development conditions holding media with optimum water 
and oxygen holding capacity (Verdonck et al., 1982). 
Different substrates have several materials that could have 
direct and/or indirect effects on plant growth and 
development (Ghehsareh and Kalbasi, 2012). 
Vermicompost mixed growing media provided increased 
leaf area, the number of suckers and flowers shoot weight 
and marketable yield over inorganic fertilizer only (Arancon 
et al., 2003). Significant increment in yield and yield 
component due to added vermin-composts on growing 
media was reported in tomato crop (Gupta et al., 2014; 
Haghighi et al., 2016). On the other hand, vermiculite had 
got more importance than other media in providing 
maximum tuber yield in the green house (Hassanpanah 
and Khodadadi, 2009).  According to Badoni and Chauhan 
(2010), vermiculite has ability to supply potassium, calcium 
and magnesium as well as excellent exchange and 
buffering capacities. 
 
 
Organic growing media 
 
Organic components decompose during crop production 
and change both the physical and chemical properties of 
the medium (Bilderback et al., 2005) that have a significant 
effect on the growth, development, and yield of the growing 
crops. Organic materials include substrates like compost, 
manure, vermicompost, coffee husk, sawdust, bark, wood 
chips, peat, fleece, marc, coco soil, and different fruit as 
well as vegetable factory wastes. These materials are 
cheap, easily available, and may have a negative impact 
on the environment (pollution of the environment) when 
not utilized especially, wastes of factories.  While all 
organic substrates can decompose over time, the rate of 
decomposition and the physical conditions of the medium 
vary with the parent material that in turn may affect crop 
growth and development. For cucumber seedling 
production, sawdust was proposed as a substitute for high 
concentrations of peat moss media (Sawan et al., 1999). 
No significant difference was observed for the growth of 
tomato transplants cultivated in wood fiber substrates or 
white peat (Gruda and Schnitzler, 2004). Also, 
vermicompost could be a substitute for peat in potting 
media with similar or beneficial effects on seedling 
performance (emergence and elongation). Most studies 
have reported beneficial effects of vermicompost on 
germination, plant growth, and yield with substitutions of 
20 to 40% of vermicompost into a commercial growth 
medium. These findings indicate that vermicompost 
enhances  the  development  of  vegetables  in   an  organic 



 

 

 
 
 
 
growing medium. Composts are widely used and contain 
important amounts of nutrients depending on the source 
and type of compost. Most composts also provide a “warm” 
growing medium, which promotes root growth. Quicker 
root growth may help increase subsequent canopy 
development and overall crop performance. However, 
crop-specific responses should be considered when using 
compost and other organic substrates in vegetable 
production. In tomatoes, variety-specific responses should 
be considered when developing recommendations on the 
optimum proportion of vermicompost amendment to the 
horticultural potting substrate (Zaller, 2007). Although 
vermicompost may provide a viable alternative to peat-
based growth media, overall, Roberts et al. (2007) found a 
little added benefit from using vermicompost for tomato. 

Organic growing media is made of organic matter or 
plant parts and animal wastes. It is a natural and 
indigenous source of sustainable plant nutrients that 
enrich the soil with appropriate plant growing conditions.  It 
releases both micro and macro nutrients need for plant 
development.  Organic matter also contributes a lot to soil 
structure improvement.  It also has great roles in 
reclaiming soil acidity. Organic matter improves soil 
workability and water holding capacity. Especially for 
potatoes where the edible part is found underground, it 
encourages forming loose, friable, soil with appropriate 
porosity which easily allows the growth of tubers to 
required sizes as the crop maximum potentials vary. Some 
of the organic media used for potato mini tuber production 
in screen houses are described below. 
 
 
Compost 
 
Compost is one of the growing media additives in 
greenhouse pot, contains a balanced amount of micro and 
macronutrients which are readily available to the plants. 
Compost increases the variety and amount of beneficial 
living organisms in the soil and suppresses the 
development of damaging living organisms. According to 
Parker et al. (2018), screen house potatoes mini-tuber 
production media was made in ratio of 2:1:1 from normal 
soil (e.g., forest soil), sand and peat/compost. Compost is 
reported as media used for growing plantlets in screen 
house (Balali et al., 2008). Materials required and the steps 
of composting are stated as follows: 
 
1. Collect raw materials for compost (plant material 

and/or animal feces). Compost made from a 
combination of greenery and dung has a better 
composition than compost made from only one of the 
two. All greenery, including weeds, can be used as raw 
material for compost. 

2. Sort the raw materials. This stage is done to remove 
pollutants such as plastic, tin cans etc. that will not 
decompose, and plants infected with diseases (rotten 
potato, diseased potato plants, etc.) of 1 to 2 meters.  
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3. To allow air to flow through the compost, stick a piece 

of bamboo with holes bored in its sides into the middle 
of the pile. 

4. To accelerate composting, starters can be added such 
as animal internal organs, plant remnant composting 
bacteria, and/or commercially-available starters. 

5. The compost should be turned and observed at least 
once a month. 

6. The composting process occurs when the temperature 
of the pile increases (up to 60°C). 

7. The pile should be watered if it is rather dry and 
covered when it rains. 

8. Take the finished compost. Not all the raw materials in 
the compost will be decomposed, particularly plant 
stems, branches, etc. Therefore, the selection of 
unfinished materials is necessary before the 
application of compost to the field as well composted 
is better to be applied than not fully composted ones. 

 
 
Manure 
 
Another organic fertilizer used in screen house was 
manure. Manure is made from animal wastes which 
function as other organic fertilizers with more nitrogen than 
compost due to the presence of urine. It can be applied 
before or after decompositions and the compositions vary 
with the type of animal. Manure is required in equal ratio 
with soil and sand for making screen houses seedbed 
(Harahagazwe et al. (2018). It was also used in 
combination with perlite and soil in ratio of three manure to 
four perlite and three soils and resulted in the highest value 
of bulk density, the lowest value of porosity and EC 
(exchangeable caution) and the greatest value of leaf 
chlorophyll index throughout the growing period (Kamrani 
et al., 2019).  
 
 
Vermicompost 
 
The vermicompost can also be used in screen house 
growth media forming. Vermicompost is the product of 
composted remains of vegetables, food wastes, 
sugarcane trash, press mud, sugar factory effluent, broiler 
ash, spent wash, fruit and vegetable industry wastes using 
various worms, usually red wigglers, white worms, and 
other earthworms. It is the end-product of the breakdown 
of organic matter by an earthworm. These castings have 
been shown to contain reduced levels of contaminants and 
a higher saturation of nutrients than organic materials 
before vermin composting. Vermi compost produced by 
the activity of earthworms is rich in macro and 
micronutrients, vitamins, growth hormones, enzymes such 
as proteases, amylases, lipase, cellulose, and chitinase as 
well as immobilized microflora (Olle, 2019). The enzymes 
continue to disintegrate organic matter even after they 
have  been  ejected   from   the   worms  (Barik et al., 2011). 
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Vermicompost usage has multipurpose in one hand 
environmental pollution controlling, on the other hand 
decreasing the costs of inorganic fertilizer and supplying 
the soil with appropriate amendments that do not have 
long time negative effect on soil like soil acidity.  

Vermicompost is an excellent, nutrient-rich organic 
fertilizer and soil conditioner.  According to Olle (2019), 
vermicompost contains plant nutrients including N, P, K, 
Ca, Mg, S, Fe, Mn, Zn, Cu, and B. Vermicompost and its 
body liquid (vermiwash) are confirmed as both growth 
promoters and protectors for crop plants (Adhikary, 2012). 
The high percentage of humic acids in vermicompost 
encourages plant health, as it promotes the synthesis of 
phenolic compounds such as anthocyanins and flavonoids 
which encourage the plant quality and act as a restraint to 
pests and diseases (Theunissen et al., 2010). Though it 
has many advantages for plant, soil, and humankind, it is 
less utilized in the production system. In my opinion, the 
use of organic matter for soil amendment has the greatest 
importance for sustainable agriculture, highly minimizes 
the soil acidity and shortage of nutrients; creates a safe 
environment with balanced ecology and good health for 
human beings. 
 
 
Inorganic materials used in screenhouse 
 
Perlite 
 
In horticulture, perlite can be used as a soil amendment or 
alone medium for hydroponics or starting cuttings as 
rooting media and mini-tuber productions. The need for 
additive is for its good property as it has high permeability 
and low water retention and prevents soil compaction 
(ISUENR, 2004) that lacks most in normal soils.  In other 
words, perlite is used in soil mixes (including soilless 
media) to improve aeration and modify the soil 
substructure, keeping it loose, well-draining, and defying 
compaction. An optimum mix ratio of 1:1:1 loam, peat 
moss, and perlite is used for container growing, enabling 
the pot to hold just enough water and oxygen (Grant (n.d)).  
Perlite is a volcanic rock that is crushed and heated rapidly 
to a high temperature (1,800F). It is white colored, light-
weight aggregate with high pore space with low water-
holding capacity, with almost no CEC or nutrients, and a 
neutral pH. It does not exist in Ethiopia regardless of its 
advantages for media additives. There is also surplus raw 
material for the formation of this important media 
preparation in the country. Perlite was used alone and with 
combination of others as treatments for potato pot 
experiment in different ratios and provided the highest 
value of particle density and bulk density; as well as the 
lowest value of porosity and EC from treatments holding 
perlite (caution exchange capacity) (Kamrani et al., 2019). 
The greatest value of leaf chlorophyll index throughout the 
growing period was observed at perlite + soil + composted 
cattle manure and perlite + soil + vermicompost, likely due  

 
 
 
 
to excess availability of N. Other media like sawdust, 
vermiculit, perlite, sphagnum, peat, pumice, styroform, 
compost, and sand are used for growing plantlets in screen 
house (Balali et al., 2008). 
 
 

Vermiculite 
 
According to Zimba et al. (2012) and Hassanpanah and 
Khodadadi (2009) the vermiculite found to have better 
advantages over other media in that it favors potato growth 
and improve yield over the other media due to its ability to 
supply calcium, potassium, and magnesium as well as 
excellent buffering and exchange capacity (Badoni and 
Chauhan, 2010). In line with this, a higher yield and 
number of tubers from vermiculite + sand media was 
reported by Obradovic and Sukha (1993) as compared to 
peat moss + sand media combined in the ratio of 4:1. 
Vermiculite is a silicate material that is heated and 
expanded into a highly porous lattice structure with better 
water-retention properties. Vermiculite has several grades 
from fine, for seed germination, to coarser grades for use 
as media mixtures. It is sensitive to compaction and 
contains high CEC (2 - 2.5 meq/100cc) and pH from 
slightly to very alkaline, based on the sources from which 
it was made. Vermiculite is also not present in Ethiopia but 
there is high raw material to process the formation of this 
media additives.  

Moreover, vermiculite had got more importance than 
other media in providing maximum tuber yield in the green 
house (Hassanpanah and Khodadadi, 2009). It is used 
together with other media like sawdust, perlite, sphagnum, 
peat, pumice, styroform, compost, and sand that are used 
for growing plantlets in screen house (Balali et al., 2008). 
According to Zimba et al., (2014), vermiculite very 
expensive media. 
 
 

Rock wool 
 
Rock wool is made from basalt rock and steel mill or other 
minerals that are liquefied at high temperatures and spun 
into fibers. The fibers are formed into blocks, or granulated 
for use as a component of horticultural media. The blocks 
have high porosity, air space, water-holding capacity, and 
available water. Rock wool is slightly alkaline and has 
almost no cation exchange capacity or nutrients. Rock 
wool is not available and not used in Ethiopia though it is 
expensive media additives with good quality of potato mini-
tuber screen house media productions. Rock wool is used 
as the best but expensive media in Northen Europe (Zimba 
et al., 2014). 
 
 

Polystyrene foam 
 

Flakes or beads of expanded polystyrene foam are added 
to media to improve aerations, drainage, and reduce cost.  

https://en.wikipedia.org/wiki/Horticulture
https://en.wikipedia.org/wiki/Soil_amendment
https://en.wikipedia.org/wiki/Hydroponics
https://en.wikipedia.org/wiki/Cutting_(plant)
https://en.wikipedia.org/wiki/Soil_compaction


 

 

 
 
 
 
They supply no nutrients, CEC, or water-holding capacity 
and the pH is neutral.  
 
 

CONCLUSION  
 
There are many materials used for screen houses potato 
mini-tuber production media. Some are expensive and 
factory processed ones while others are natural. Most 
reviewed materials used in combination with other 
materials for the suitability of the crop gown on it as it has 
to provide sufficient nutrients, aeration, support, and water.  
Developed countries use expensive media made by 
factories while the underdeveloped use cheap materials 
that are easily available in their countries. There is also 
limited research concerning these materials in developing 
countries about the ratio of mixing and types to be mixed. 
The expensive materials used for pot media not found in 
Ethiopia though there are surplus raw materials for their 
production. It can be concluded that researchers should 
work on the availability of healthy and quality tuber seed 
by increasing the numbers produced in screen house 
through agronomic and other techniques of production to 
solving the problems related to potting media. 
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