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	ABSTRACT	
Potato	(Solanum	tuberosum	L),	a	vital	food	crop	in	the	Solanaceae	family,	has	its	origins	in	Peru's	Inca	regions.	The	traditional	
method	of	utilizing	the	harvest	from	the	previous	season	as	seed	tubers	frequently	results	in	the	accumulation	of	seed	borne	diseases,	
which	causes	seed	degeneration	and	large	production	losses.	Aeroponics,	in	particular,	is	noted	for	its	advantages	in	growing	plants	
in	a	misted	nutrient	medium,	free	from	soil	or	aggregate	media.	This	technique,	when	combined	with	tissue	culture's	meristem	
culture,	ensures	the	production	of	pathogen-free	seed	tubers	by	eliminating	viral	pathogens	from	the	plantlets	before	aeroponic	
propagation.	 The	 integration	 of	 these	methods	 can	 overcome	 the	 limitations	 of	 conventional	 techniques,	 offering	 year-round	
production	and	enhanced	control	over	environmental	conditions.	The	use	of	aeroponics,	supplemented	by	tissue	culture,	provides	a	
robust	solution	to	the	challenges	faced	in	traditional	potato	seed	production.	It	facilitates	the	rapid	multiplication	of	healthy,	high-
quality	seed	tubers,	crucial	for	maintaining	genetic	diversity	and	improving	crop	yields.	This	approach	is	particularly	bene�icial	for	
developing	countries,	where	resource	constraints	often	limit	the	effectiveness	of	conventional	methods.	There	is	need	to	compile	
aeroponics	overview	to	understand	the	signi�icance	and	limitations	of	the	potato	seed	production	through	aeroponics	for	global	food	
security.	This	review	underscores	the	importance	of	adopting	aeroponics	and	tissue	culture	to	enhance	potato	seed	propagation	and	
ensure	sustainable	agricultural	practices.
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Introduction
Potato (Solanum	 tuberosum L.), a member of the Solanaceae 
family, is one of the most important agricultural crops grown 
worldwide. Tetraploid (2n = 4x = 48) potatoes are the most 
widely produced kind; however, diploid (2n = 2x = 24) and 
pentaploid (2n = 5x = 60) potatoes are also available. 
Sustainable agricultural improvements are among the most 
important criteria for ensuring global food security and climate-
smart agriculture. The increasing global population is driving 
higher demand for food, making it dif�icult to ensure a suf�icient 
supply of nutritious options. Potatoes, due to their high 
nutritional value, have become a key solution. With exceptional 
yield potential, adaptability to various climates, and a rich 
nutrient pro�ile, potatoes are now recognized as a leading staple 
crop worldwide. They surpass cereals in protein production per 
hectare and provide superior dry matter content, highlighting 
their importance in global food security. Moreover, the potato 
possesses the highest biological grade protein. It has the 
capacity to play a crucial role in �illing the gap in global food 
security. Potatoes serve not only as a staple food but also as a 
cultivated vegetable for consumption. Additionally, they are 
processed into various products such as French fries, chips,

frozen goods, dry goods, and starch for manufacturing 
purposes. India is now the world's second-largest producer of 
potatoes, behind China, as global production has increased from 
1.3 million tonnes to over 34 million tonnes in the last 60 years, 
with 56 million metric tons produced [1]. However, a number of 
less obvious trends in the growth rates for potato yields, area, 
and output are hidden by this astounding increase.

stIn India, Utter Pradesh ranks 1  with a production share of 
29.65%, followed by West Bengal (23.51%), Bihar (17.02), 

thGujrat (7.05), and Madhya Pradesh ranks 5  with a production 
share of 6.68% [2]. Two tons of tubers, each with an average size 
of 50 g, are needed for every hectare of potatoes. The average 
tuber size in the polyploid series (2n = 2x = 24 to 2n = 6x = 72) is 
mostly determined by the genetic resources of the potato, 
facilitating gene transfer across ploidy levels. Among these, 
primary commercial potato varieties are classi�ied into two 
groups: tuberosum (TBR) and andigena (ADG). Currently, there 
are several potato propagation methods utilized all over the 
world to increase the amount of seed potatoes. Nonetheless, the 
majority of farmers in developing nations multiply potato seeds 
by utilizing the traditional technique for producing seed tubers. 
All techniques have their drawbacks and dif�iculties, but when it 
comes to generating high-quality seed tubers for farmers with 
limited resources, the conventional technique has the most 
obstacles. The standard method of producing potato seed has 
not proven successful in preventing or minimizing the spread of 
diseases. This is mostly because of the fact that most farmed 
potatoes are outbred, vegetatively propagated autotetraploids 
that are susceptible to several seed-borne diseases that cause 
the degradation of seed stocks over time. 
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Farmers also use the crop from the previous season as seed 
tubers. Disease concerns like late blight, early blight, common 
scab, soft rot, fusarium wilt, potato pink rot are predominated 
when it comes to maintaining vegetative supplies. As a result of 
seed degradation, yield and tuber quality are signi�icantly lost. 
Thus, using high-quality seed is essential for pro�itable 
cultivation. Today, a number of methods for producing seeds are 
employed all over the world, including aeroponics, hydroponics, 
and tissue culture. Because aeroponics is thought to have 
several bene�its over these other strategies, early experimental 
tests have demonstrated that it is one of the most successful 
techniques among them [3]. 
Aeroponics refers to the cultivation of plants in a controlled 
habitat that relies only on air or mist and does not employ soil or 
any other solid media. The Latin terms "aero" (air) and "ponic" 
(effort) are the roots of the English word "aeroponic" [4]. In this 
system, plants are grown by suspending their roots in a misted 
nutrient solution. Meristem culture is a key technique for 
eliminating viral infections from potato varieties, ensuring the 
production of clean seed tubers. In this study, meristem culture 
was used to generate pathogen-free plantlets, which were then 
propagated using an aeroponics system. This combination is 
essential because, while aeroponics allows for ef�icient tuber 
production, it does not by itself eliminate viral pathogens. 
Therefore, the initial step of meristem culture in tissue culture is 
crucial to cleanse the potato clone of viral diseases. Once clean, 
the aeroponics system enables the rapid and healthy 
development of superior seed tubers, free from pathogens, by 
maintaining a sterile and controlled environment [5]. Tissue 
culture is a collection of in vitro techniques that allow for the 
propagation of plants in a controlled, sterile environment. This 
method is crucial for maintaining the health and genetic purity 
of crops, especially in producing disease-free seed potatoes. In 
particular, meristem culture, a speci�ic form of tissue culture, is 
employed to eliminate systemic viral infections from potato 
plants. This is because the meristem, the actively dividing tissue 
at the tips of shoots, often remains virus-free even when the rest 
of the plant is infected. By isolating and cultivating these virus-
free meristematic tissues in a sterile medium, researchers can 
produce clean, virus-free plantlets.
Once the initial cleaning phase is complete, these virus-free 
plantlets are propagated in tissue culture to produce a suf�icient 
number of clean clones. Tissue culture maintains the sterility 
and ensures that the plantlets remain free from contamination 
before they are transferred to the aeroponics system for further 
growth. The aeroponics system, known for its ef�iciency and 
reduced disease transmission, then provides the ideal 
environment for tuberization, allowing the pathogen-free 
plantlets to develop into healthy seed tubers. However, the 
effectiveness of the aeroponic system alone is limited if the plant 
material is not initially virus-free. This is why the integration of 
meristem culture at the start of the process is crucial, it ensures 
that the potato clones entering the aeroponics system are 
already cleaned of any viral infections. The combination of 
meristem culture to clean the plants and tissue culture to 
maintain and propagate them ensures a high standard of 
disease-free potato seed production, resulting in reliable and 
high-quality yields for farmers.

Techniques	for	potato	breeding
Seed potatoes are multiplied using various methods worldwide, 
such as traditional seed potato production, hydroponics, 
aeroponics, and micropropagation. In developing countries, 

many farmers rely primarily on the conventional method to 
produce seed tubers. Although each method has its own 
limitations and challenges, the conventional approach faces 
signi�icant constraints, particularly for the purpose of growing 
superior seed tubers in situations with limited resources 
(Figure 1).

Conventional	method	for	potato	production
The traditional technique for producing seed potatoes involves 
replanting of the tubers that were previously harvested. "Seed 
potatoes" generally refers to the tubers which are used for 
planting. The purpose of seed potatoes is that farmers need to 
select superior quality tubers and discard the inferior ones. The 
process of identifying and segregating healthy and diseased 
plants is carried out, and in the next season, only the healthy 
tubers are used for production. Potatoes and other crops grown 
vegetatively are prone to bacterial and viral diseases. The 
accumulation of diseases brought on by the conventional 
method of growing seed potatoes eventually lowers crop output 
[6]. When a mother plant is infected with a particular disease 
during the growing season, there is a variable risk that the 
daughter tubers will also be infected. The likelihood of 
transmission to daughter tubers depends on the type of 
pathogen and the stage of infection in the mother plant. For 
example, viruses like Potato Virus Y (PVY) and Potato Leafroll 
Virus (PLRV) have a high transmission rate, leading to a greater 
chance that daughter tubers will be infected if the mother plant 
is diseased. In such cases, nearly all daughter tubers may show 
symptoms due to the systemic nature of these viruses. However, 
for bacterial diseases such as Ralstonia	 solanacearum, which 
causes bacterial wilt, the infection can be uneven. Some 
daughter tubers may become infected, while others may remain 
healthy, depending on factors like the timing of the infection and 
environmental conditions. Fungal diseases, like early blight 
(Alternaria	solani), may not result in 100% infection of daughter 
tubers either, as the spores may not always reach every tuber. 
Therefore, infection can vary from tuber to tuber.
Furthermore, the visual inspection of �ields is not always a 
reliable method for detecting all diseases. Not all diseases 
display clear or early visible symptoms, especially in the initial 
stages of infection. Latent infections, where the disease is 
present but not visibly apparent, can be particularly 
challenging. For instance, Potato Cyst Nematode (PCN) and 
latent viral infections often go undetected during routine �ield 
inspections because they do not cause immediate, noticeable 
symptoms on the plant. Such infections can only be detected 
through molecular diagnostic tools, highlighting the limitations 
of relying solely on visual checks.
As the number of generations increases, the likelihood of 
accumulating undetected infections also rises, signi�icantly 
reducing the quality of seed potatoes over time. This 
underscores the necessity of integrating both visual inspections 
and advanced diagnostic techniques, such as ELISA (Enzyme-
Linked Immunosorbent Assay) or PCR (Polymerase Chain 
Reaction), to detect latent infections that would otherwise 
compromise seed quality over successive generations. Seed 
producers need to adopt these diagnostic methods to ensure the 
production of healthy, high-quality seed potatoes, minimizing 
the risk of disease transmission from mother plants to daughter 
tubers."
The traditional method of seed multiplication is slowest as 
compared to aeroponics. In addition, this approach has 
demonstrated its temporal sensitivity, particularly in areas 



	©	2025	AATCC	Review.	All Rights Reserved. 22.

Madhurjit	Singh	Rathore	et	al.,	/	AATCC	Review	(2025)

where potatoes are cultivated as a winter crop, such as tropical 
and sub-tropical countries. Moreover, this approach 
necessitates expansive land tracts for the purpose of 
commercial seed production. This is also linked to higher labour 
expenses for overseeing these large land holdings (Figure 2).

Tissue	culture	technique	for	potato	plants	production
It involves the growing of an explant usually plant cells, tissues 
or organs on an arti�icial nutrient media, employing sterile 
containers, liquid, semi-solid, or solid growth media are utilized 
under an aseptic environment. This technique has emerged as a 
crucial tool for expanding plant populations, facilitating the 
large-scale cultivation of potato plants within a brief timeframe. 
Tissue culture facilitates a �lexible and expedited process of 
plant multiplication, resulting in a higher multiplicity rate. 
Meristem culture has been extensively employed for the 
generation of plants that are free from viruses [5, 6]. In 
meristem culture, the apical or axillary tips (0.1 to 0.3 mm) are 
dissected and cultured on a nutrient media. This approach 
leverages the fact that viruses are unable to infect these active 
growth regions, thereby enabling the generation of healthy and 
virus-free plants from a little fragment of meristematic tissue 
[7]. The apical meristem lacks a well-developed vascular 
system, besides high auxin content, chromosome activity during 
mitosis and the presence of a virus-inactivating system makes it 
free from virus infection. Also, meristem culture has proved to 
be a valuable tool in preserving the genetic makeup of plants, as 
the cells in meristems tend to maintain their genetic stability. 
Once the plant components have been rendered free of diseases, 
they are easily replicated for application in gardening. In nations 
like Vietnam, tissue culture has completely changed the way that 
seed potatoes are produced. This approach is widely used to 
ef�iciently propagate many plant species by micro-propagation 
[8]. Despite the multiple advantages, the use of potato seed 
multiplication has been limited especially in developing 
countries. The high operational costs associated with tissue 
culture, including the need for specialized and expensive 
equipment, as well as the outlays for media formulation such as 
nutrients, vitamins, energy sources and growth regulators, act 
as signi�icant barriers [9]. In addition to this tissue culture 
techniques demands specialised skill and expertise that can be 
acquired only through formal training. Over the last twenty 
years, numerous Universities and National Agricultural 
Research organizations have created plant tissue culture labs. 
Nevertheless, these resources have not been extensively 
exploited beyond their use for undergraduate and postgraduate 
teaching and training ,  with  only  l imited pract ical 
implementations. Tissue culture propagation is only effective 
when it can move plants from a germ-free environment to a non-
sterile one., while ensuring a high percentage of survival and 
minimum costs to be commercially viable. Also, tissue-cultured 
plants have minimal wax on their surfaces, which is necessary 
for preventing water loss and protecting against diseases. 
Transferring these micro-propagated plants can provide 
dif�iculties because of their heightened vulnerability to 
transplant shock and increased susceptibility to wilting, pest 
infestations, and disease outbreaks upon relocation to outdoor 
environments. Therefore, micro-propagated plantlets need to 
undergo hardening, which allows them to adapt to the �ield 
conditions before they can be planted in the �ield or aeroponics 
unit [10]. Although the consistent utilization of tissue culture for 
seed potato production may incur high costs, this method can be 
successfully utilized to eradicate pathogens, generate initial 

material, and subsequently shift to a more ef�icient and cost-
effective system for the rapid production of superior seed tubers 
for commercial purposes.

Aeroponics	Technique's	Potential
As its name indicates, aeroponics is a method of cultivating 
crops in a mist or air environment. It doesn't need soil or any 
other kind of aggregate material. The term "aeroponics" comes 
from the Latin words "aero," which means air, and "ponic," which 
implies labor [4]. This technique. This method provides a 
regulated environment for plant development as an alternative 
to conventional soil-based farming. Aeroponics bene�its are said 
to be a secure and environmentally responsible way to grow 
organic, wholesome plants and harvests, particularly in the 
context of potato cultivation. This system offers several 
advantages over other seed potato multiplication methods, such 
as conventional seed production and hydroponics. Aeroponics 
presents a variety of advantages that make it an increasingly 
popular method in modern agriculture. One of the most 
signi�icant bene�its is its ef�icient use of water, consuming up to 
90% less compared to traditional soil-based farming, which is 
crucial in regions facing water scarcity. This water-saving 
feature is complemented by faster plant growth; because 
nutrients and oxygen are delivered directly to the root zone, 
crops tend to have accelerated development, leading to shorter 
growing cycles and potentially higher yields. In addition, the 
lack of soil reduces exposure to soil-borne diseases, allowing for 
more effective disease management. Infected plants can be 
swiftly isolated and removed without impacting the rest of the 
crop, limiting the spread of pathogens.
Aeroponics also excels in nutrient ef�iciency, as plants absorb 
nutrients more effectively, minimizing waste and reducing the 
need for fertilizers. This precision, coupled with the capability to 
stack aeroponic systems vertically, optimizes space usage, 
particularly in urban settings where land is limited. As a result, 
urban farming becomes more viable, enabling food production 
closer to population centers. The absence of soil in the system 
eliminates the need for chemical pesticides, contributing to 
safer, pesticide-free produce that is healthier for consumers. 
Additionally, aeroponics facilitates year-round cultivation in 
controlled environments, ensuring a steady supply of crops 
independent of seasonal constraints. This control over the 
growing environment managing humidity, light, temperature, 
and other factors leads to improved crop quality and greater 
uniformity in produce. Furthermore, since aeroponics does not 
rely on soil, it bypasses issues related to soil degradation and 
erosion, making it a more sustainable and environmentally 
friendly agricultural practice. This innovative approach holds 
promise for the future of agriculture, particularly in the face of 
climate change and the need for sustainable food systems. It is 
also less labor and time-intensive than these traditional 
methods, which is reportedly more ef�icient [11]. Because the 
system recirculates the nutrient solution, it uses less energy and 
water per unit of growing area [4]. This makes the system more 
energy- and water-ef�icient. In addition, aeroponics stimulates 
the growth and development of roots, improves the rates of 
survival and growth, and shortens the time it takes for plants to 
mature [12]. Research �indings demonstrate that aeroponics 
consistently outperforms conventional methods in terms of 
average tuber yield [13, 14], demonstrating its effectiveness in 
the propagation of potatoes. By hanging the plant roots entirely 
in the air, the technique guarantees ideal root aeration. This 
leads to improved root growth since the roots can absorb all of 
the available oxygen. 
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In addition, compared to plants cultivated hydroponically, 
plants in this aeroponic environment have access to carbon 
dioxide levels ranging from 450 to 780 ppm, which promotes 
faster development and better nutrient absorption [15, 16]. 
According to studies [17], the aeroponics method increased the 
photochemical ef�iciency of leaves, increased intercellular CO  2

concentration and net photosynthetic rate, and improved 
stomatal conductance. Additionally, aeroponics is regarded as 
one of the fastest techniques for seed multiplication. As per data 
reported, a single potato plant in an aeroponics setup can yield 
over 100 mini tubers in a single row, which is signi�icantly 
higher than daughter tubers produced annually through other 
methods such as Bark, Nutrient �ilm technique, deep �low in the 
study [18, 11], found that each plant produced an average of 5-6 
tubers when grown in soil within a greenhouse for a period of 90 
days. Aeroponics also offers a convenient way to monitor 
nutrient levels and pH. The technique guarantees accurate 
nutrient allocation for the crop, hence minimizing fertilizer 
consumption and decreasing the likelihood of excessive 
fertilizer residue also contaminating groundwater [19]. It also 
facilitates the measurement of nutrient uptake over different 
timeframes and environments. An aeroponic system employed 
to accurately measure the rates of water and ion absorption in 
cranberries without causing any damage [20]. The �inding 
revealed that aeroponics is a valuable technique required to 
track down nutrient uptake, monitor plant health, and maximize 
crop growth under controlled environments. Aeroponics brings 
with it the added advantage of ef�icient space utilization. In 
comparison to other methods like hydroponics and traditional 
systems, aeroponics effectively utilizes vertical space, which 
bene�its the growth and development of roots and tubers. 
Countries like America, Singapore, and Netherlands are leading 
in adopting this technology, driven by the need for sustainable 
and high-yield food production [21]. As climate change 
challenges traditional farming methods, aeroponics offers a 
promising alternative for the future of agriculture. In the 
aeroponics system, the traditional methods of pest/disease 
control are not applicable thus modern disease control should 
be developed. Based on weather and �ield production 
conditions, the best plant production period should be 
determined for each plant. The arti�icial lighting could be used 
to grow the plant [22].

Overview	of	potato	aeroponics
The Aeroponics technique has been devised to produce mini 
tubers by using disease-free plants grown in a laboratory setting 
[23]. This technology enables the production of potatoes year-
round and the implementation of regulated standards [24]. This 
approach involves planting in vitro microplants on the surface of 
the growing chamber, and then fogging the root zone within the 
chamber with a nutritional solution [25]. The aeroponic 
chamber has a detachable aperture in its upper part, equipped 
with wells designed to accommodate the potato plants. Small 
tuber harvesting starts 45 to 50 days after planting, depending 
on the potato type when the tubers are around 3-10g in size 
[26]. An individual in vitro plant typically yields 40 to 50 mini 
tubers, which may be kept at temperatures ranging from 2 to 
4°C. If this technology can be integrated into the seed production 
process utilizing regular operating strategies to guarantee seed 
health and purity, it has immense potential.

National	and	Global	Scenario	of	Potato	Aeroponics	
The current agricultural system heavily relies on rapid crop 
production technologies and is extensively applicable in 

agriculture. Previous commercial use of an aeroponics system in 
China and Korea resulted in the production of high-quality 
potato seeds [27]. Globally, aeroponics is being utilized for 
potato growing in various regions such as South America, Kenya, 
Australia, South Korea, Netherlands, Spain, Poland, Serbia, 
Turkey, Indonesia, and others (Table 1). In India, aeroponics is 
becoming a viable remedy to tackle the obstacles of 
conventional agriculture, including restricted cultivable areas 
and water shortage. The technique is being investigated in 
metropolitan regions and by pioneering enterprises to enhance 
agricultural productivity and minimize resource usage. 
Aeroponics in India, although still in its nascent phase, has the 
capacity to facilitate sustainable agricultural expansion, 
particularly as the nation strives to satisfy the needs of an 
expanding population. However, it provides superior seeds and 
has completely transformed seed potato processing in India [28, 
23] (Table 2). An investigation by Tiwari et al. [29] has also 
shown variations in root form and yield characteristics among 
all Indian potato cultivars grown under aeroponics. This 
approach necessitates a signi�icant degree of expertise in the 
areas of planning, operating costs, and standardization of 
genotype-responsive nutrition solutions. 

Limitations	of	Aeroponics	based	potato	production	
An inherent drawback of aeroponics is the issue pertaining to 
the size of the water droplets [30]. Tiny droplets encourage the 
excessive growth of root hair without the establishment of a 
lateral root system, which is essential for sustained plant 
growth. While large droplets restrict the oxygen availability to 
the root system. The system also needs a steady power source 
for the duration of the growth season. If there is a lengthy power 
outage that affects the water pumps, it might lead to permanent 
harm to the plants. In addition, the system necessitates several 
maintenance procedures, during plant growth from sowing to 
harvest time, the methods adopted in the aeroponic system 
require a little hand-operated contribution, interference 
regarding physical presence, and expertise in domain 
knowledge of plants, environment control, and operations to 
maintain and control the growth of the plant. Moreover, there is 
a requirement to sustain and retain the nutrient solution 
parameters which include nutrient temperature, pH, and EC 
concentration in a narrow range of preferred values for optimal 
growth. If these parameters drift outside the desired range, it 
will create several problems for plant growth. In addition, some 
supplemental parameters can adjust to optimize the plant 
growth further. The additional parameters are atomization 
time, atomization interval time, air temperature, relative 
humidity,  l ight intensity,  and carbon dioxide (CO ) 2

concentration which make the system complicated and time-
consuming with high human energy and with a higher level of 
expert training and skill for operating the system.

Future	Scope	of	aeroponics
Aeroponics offers numerous advantages, including rapid seed 
production, improved plantlet development, and survival rate, 
constant air circulation, an eco-friendly strategy, and an 
effective nutrient monitoring system, hence promoting 
sustainable agriculture. These features make it an ideal solution 
to transform the potato seed industry, potentially increasing 
income and reducing the time and costs involved with 
generating superior seed potatoes, increasing their availability 
for farmers in developing nations, particularly for food security. 
Aeroponics has the potential to produce disease-free potato 
mini tubers in less time and in cost-effective manner. 
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It can effectively be used by farmers to increase their income and participate in global food security. 
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production.	(a)	Stem	cuttings	(SC),	(b)	In	vitro	plants	and	(c)	Sprouts	(from	previous	season	minitubers)

	Figure.	2.	Comparison	of	conventional	and	aeropnics	seed	potato	production	system.

Figure	 3.	 In	 vitro	 micropropagation of Potato (Solanum	
tuberosum) and in	 vivo	 apical root cutting and mini-tuber 
production through aeroponics (a) In	vitro establishment from 
initial sprout explant, (b) Shoot initiation, (c) Shoot 
proliferation, (d) Transfer of shoot on multiplication medium, 
(e) Transfer of multiplied shoot to rooting medium and root 
initiation, (f) Rooted shoots, (g) Completely rooted plants ready 
for �ield transfer, (h) Genetic stability testing of in	vitro raised 
plants through SCoT molecular markers, (i) Primary hardening 
of in	vitro	raised	plants, (j) Thirty days growth in aeroponics, (k) 
Potato mini-tubers formation in the aeroponic system and (L) 
yield of mini-tubers in the aeroponics unit.
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