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Abstract

The production of healthy seed is very crucial to sustain the production and productivity of potato.
Traditionally used conventional seed potato production system leads to lower multiplication rate, have
bulkiness of seed tubers and encourages accumulation of tuber borne viruses, fungi and bacteria in
subsequent seasons leading to significant losses in quality and tuber yield over seasons. Hi-tech seed
production systems based on micro-propagation technologies improves the quality of breeder seed,
enhance seed multiplication rate and reduce field exposure of seed crop. Under this system, there are
three different type of seed production systems viz micropant, microtuber and aeroponic based. The
major components of hi-tech seed production include development of healthy mother plants, followed by
mass multiplication of healthy mericlones through in vitro micropropagation which is used for
microtuber/aeroponic production, minituber production from microtubers/aeroponic tubers or directly
from micro-plants under protected conditions (G-0) followed by two field multiplication for production
of prebasic and basic seed potatoes. Growth (emergence, plant height, compound leaves and stems) and
yield parameters (mean tuber weight and yield by number and weight) varied as per hi-tech planting
materials viz microplant, microtuber and aeroponic tuber, crop husbandry, genetic background/cultivar
and size of planting materials used for minituber production under in vivo (G-0) in different agro climatic
systems.
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Introduction

Importance of quality seed in potato

High yields of potato (Solanum tuberosum L.) in the field can be ensured by use of high-
quality seed potato (Calori et al., 2017) /. Thus quality seed tuber is an extremely important
factor in potato production. Since potato is a vegetatively propagated plant, fungal, bacterial
and especially viral disease agents are easily transmitted through seed tubers (Truta and Detec,
1997) B, Viral diseases are responsible for degeneration of seed tubers, which decrease their
vigor and productivity (Sangar et al., 1988) [“8l. The availability of quality planting material of
improved potato varieties in adequate quantities is the major issue that needs to be attended
(Sadawarti et al., 2018b) 61, At present the country has an area of approximately 1.96 million
ha under potato and requires about 4.9 million tones of quality seed at the seed rate of 3.0-3.5
t/ha. In potato cultivation, potato seed is most expensive input accounting for 40 to 50 percent
of the production cost (Buckseth and Singh, 2018) [5,

Need of hi-tech systems for seed production

The production of healthy seed is very crucial to sustain the production and productivity of
potato. Currently, the common method of commercially important potato cultivars propagation
is through tubers. However, this propagation encourages accumulation of tuber borne viruses,
fungi and bacteria in subsequent seasons. This has led to significant losses in quality and tuber
yield over seasons (Badoni and Chauhan, 2010 EI; EI-Komy et al., 2010 M, Tsoka et al., 2012
1691 Naik et al., 2000 %, Chindi et al., 2014 B and Muthuraj et al., 2016 [?%1), The lower
multiplication rate and bulkiness of seed tubers of conventional potato seed production did not
attract private and public seed companies to engage in potato seed business.
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This study seeks to review and assess the various options
available for healthy seed tuber production and to suggest the
way forward for Rapid Multiplication Techniques (RMTS)
such as Tissue Culture (TC), aeroponics etc. It is estimated
that use of healthy potato seed tubers/planting material leads
to about 30% increase in potato yield.

Hi-tech methods of seed potato production

Use of tissue culture technique in seed production has resulted
in mass production of potato in a very short period of time.
The system is characterized by very flexible and rapid
multiplication giving a higher planting propogules (Beukema
and Van de Zaag 1990 ™ and Pruski, 2001 61, Muthuraj et
al., 2016 [¢1). Slowly, micro propagation is replacing
conventional propagation of potatoes (Naik and Karihaloo,
20072°1, Moeini et al., 2011 251,

Importance of basic planting material

The basic planting material has to be true to type, free from
viruses and other diseases and has to be maintained during
micropropagation and its subsequent seed production system.
The microplants are channelized to respective seed production
systems where they subsequently form minitubers Minitubers
are then utilized for field multiplication to produce breeder
seed. For hi-tech based planting system, the basic techniques
of tissue culture is utilized in all the seed production systems
for development of planting material at the earliest stage
(Kaur, 2018121 fig 2. Hi-tech system has been started by
ICAR-Central Potato Research Institute Shimla in the recent
past. Under this system, there are three different types of seed
production systems (fig 1):

Microplant

Microtuber
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i) Microplant based

Three to four weeks old healthy microplants are transferred to
protrays filled with sterilized peat moss for hardening. The
hardened plantlets should be removed along with peat moss
and transplanted in nursery beds prepared with soil, sand and
FYM (2:1:1 ratio respectively). Microplants should be planted
in 30 x 10 cm spacing under insect proof net house condition.

ii) Microtuber based

The microplants are tested for virus freedom before initiating
microtuber production. The virus-free plants are mass
multiplied through nodal cuttings on semisolid MS medium in
culture tubes (25 x 150 mm) following the standard procedure
up to 10 cycles and further multiplied in net house.

iii) Aeroponic based

Aeroponics is the process of growing plants in an air mist
environment without the use of soil or an aggregate medium
since water is used in aeroponics to transmit nutrients to the
plants. In aeroponics, plants growth is facilitated by
suspending them in air, in an enclosed environment, and
providing necessary nutrients by spraying on roots. The
nutrient solution is continuously circulated as per need
through the system and monitored for pH and EC and
amended whenever necessary (Buckseth and Singh, 2018 [,
Farran and Mingo-Castel, 2006 ). The harvest technique in
aeroponics is convenient, and repeated harvesting offers the
possibility of obtaining tubers of a desired size and
comparatively higher in number (Ritter et al., 2001 [“%), There
is a tremendous scope to increase healthy seed production
vertically by adopting aeroponic technology of seed system
where increase in multiplication rate from 5:1 to 50:1 can be
achieved (Buckseth and Singh, 2018[)),

Aeroponic

Fig 1: Hi-tech seed production systems

The major components of hi-tech seed production include
development of healthy mother plants, followed by mass
multiplication of healthy mericlones through in vitro
micropropagation, used for microtuber/aeroponic production,
minituber production from microtubers/aeroponic tubers or
directly from micro-plants under protected conditions
followed by two field multiplication for production of
prebasic and basic seed potatoes (Otroshy, 2006 [*2, Buckseth
and Singh, 2018 B, Venkataselam et al., 2011 1), Mini-tuber

is an intermediate step of potato seed production between
laboratory micropropagation and field multiplication (Naik
and Khurana, 2003 1), Mini-tubers can be obtained on in
vitro plantlets under ex vivo condition or under in vivo
condition after planting them in soil (Naik and Karihaloo,
2007 1281: Otroshy and Struik, 2008 [31). Minitubers are used
in breeding programmes and in the seed production industry
because many tubers can be generated in a small space
(Hosseni et al., 2011 [41),

~ 1152~


http://www.chemijournal.com/

International Journal of Chemical Studies

http://www.chemijournal.com

Plant Tissue culture

Hi-tech
seed

production
system

2ndmultiplication G-2|

Fig 2: Inter-relationships between the three hi tech seed potato production systems

Agronomy of mini-tuber production

Crop husbandry techniques greatly affect mini-tuber
production. An ideal combination of plant population, row
width, and in-row seed spacing for a particular variety are the
major factors for optimizing tuber size and grower’s revenue
(Rex and Mazza 1989 B91). This is most important for ware as
well as seed potato production to get higher yield (Kaur et al.,
2019 [8) which affects the seed cost, plant development,
yield and quality of tubers (Bussan et al., 2007 ). It also
varies depending on the environmental conditions and
cultivars (Al Mamun, 2016 ™).

Number of mini-tubers, tuber yield per plant and average
tuber weight are reported to be higher at low plant population,
whereas, total number of tubers as well as total tuber yield per
m? is higher at higher plant populations (Gupta et al., 2003
[13)), Planting of micro-plants at a spacing of 45 cm x10cm
resulted in maximum number and yield of mini-tubers per
plant, whereas, yield per unit area were higher at 30 cm x
10cm planting density (Kumar et al., 2012 %), Similarly
significantly higher tuber weight was reported at 45cm x10cm
(26.11 t/ha) for aeroponic minituber multiplication under G-0
(Sadawarti et al., 2019 ), Maximum average tuber weight
was observed for treatment combinations of 30 cm spacing
and 150 kg N ha! and low average tuber weight was recorded
at 10 cm intra row spacing with no nitrogen application
(Negero, 2017 Bi), Per plant higher yield was obtained at
wider spacing due to increased competition for nutrients,
space, sunlight etc. leading to an increase in number of tubers
per plant (Srivastava et al., 2016 1 Hui et al., 2013 [16]),
Different varieties respond differently due, to changes in
spacing and population (Creamer et al., 1999). Increase in
number of tubers per unit area with increasing plant
population may be due to more number of plants or stems per
unit area as tuber number is known to be directly related to
stem number (Sharma et al, 2014a “1 and Zamil et al., 2010
163 and Diengdoh et al., 2012 [19]),

Growth behavior of hi-tech planting materials
Emergence/establishment

The per cent survival/establishment significantly differed in
different potato cultivars, type of planting material and their

interaction under in vivo conditions (Gupta et al., 2003 3],
Kumar et al., 2007 @ and Venkatasalam, 2011 [61),
Establishment of micro-plants was 99.1% in furrow and
98.4% in the flat bed planting methods (Sharma et al., 2010
[521), More than 70% in vivo plantlets were survived in direct
transplanting under Modipuram (UP) conditions of India
(Kumar et al., 2011 22), The establishment (%) of micro-
plants was very less which ranged from 51.41% to 40.57% in
different cultivars under Gwalior conditions of North-Central
India (Sadawarti et al., 2018b ). This might be due to
higher atmospheric temperature and lower humidity at
planting time under Gwalior conditions. Variation in
microplant establishment was also reported among different
cultivars in other agro climatic conditions viz Modipuram,
Gwalior, shimla and Kufri of India (Kumar et al., 2012 24,
Venkataselam et al., 2011 ©4, Kumar et al., 2007 2%, Sharma
et al, 2014a ™ Muthuraj and Ravichandran, 2015(7]
Sadawarti et al., 2015 “2), It shows the variability of different
potato cultivar for establishment of microplants in different
agro climatic regions.

Somani and Venkatasalam (2012) % reported size and
genotype exert effect on microtuber emergence (%) and their
survival. Srivastava et al. 2015 7 observed that micro-tuber
survival was very good in the bigger sized micro-tubers (i.e.
in the grade of 4-8 mm and >8 mm) and as the size grade
decreases to <4 mm, the potential of the micro-tuber survival
decreased significantly. Microtuber emergence showed
decreasing trend with decrease in size i.e. 97 % in 3-5g and
lowest 82.0% in 0.3-0.5g microtubers (Kawakami and Iwama,
2012 090, Leclerc et al. (1995 %) reported that, the growth
and survival/ vigor of potato tubers is supported by the food
material stored in the tubers particularly carbohydrates and
could thus be conducive to plant development and hence
relatively bigger micro-tubers had distinct advantage. Alsadon
et al. (1988 @) reported that functionality of plants glands
produced by small micro tubers is less than larger
microtubers. Larger sizes give better emergence and a better
early vigor and produced higher yield and more tubers per
plant (Struik and Wiersema, 1999 [581), Differences in micro-
tuber survival due to genetic background/cultivars were
reported under NE conditions (Gupta et al., 2003 [
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Srivastava et al., 2015 571) and under plains of India (Singh et
al., 2007 >4, Sadawarti et al., 2017b 4, 2018a [*1) and under
Bangladesh conditions (Hoassain et al., 2017 1), Similar
trend was reported in case of minituber multiplication with
respect to size and genetic background (Singh et al., 2007 54,
Sadawarti et al., 2017a ). Sadawarti et al (2018a )
reported among  micro-propagated  material  mean
establishment/emergence (%) was highest in mini-tuber
(81.91) followed by micro-tuber (50.42) and micro-plant
(45.67) under Gwalior conditions of central India. Field
emergence of 100% has been reported in the harvested
aeroponic mini tubers (Farran and Mingo-castel 2006 [2).

Plant height

Variation in plant height was reported for genetic background
(cultivar) and type of planting materials used in different
studies. For microplant multiplication, highest plant height
was reported in Kufri Sadabahar, Kufri Chipsona-1, Kufri
Anand and Kufri Badshah under Modiouran UP (Kumar et
al., 2007 2, 2011 22 and 2012 1) and Kufri Himalini and
Kufri Giriraj under Kufri, Shimla conditions (Sharma et al.,
2010 B2, 2014a “9), Plant height was maximum in Kufri
Chipsona-2 (63.7 cm) after 60 days of planting followed by
Kufri Chipsona-1 (51.3 cm) and shortest height at this stage
was recorded in Kufri Bahar (36.4 cm) which was at par with
Kufri Pukhraj (38.6 cm) under microtuber multiplication
(Singh et al., 2007 B4), Plant height was significantly lowest
in >4-6mm size microtubers (5.1cm) over >6-8mm size
(8.1cm) and >8mm size microtubers (11.1 cm) at 50 days
after planting. Increase in plant height with increase in
microtuber size is due to higher vigour in the microtuber of
large size (Sadawarti et al., 2017b ™). Plant height was
significantly higher in 3-10 g minitubers at 50 days (32 cm)
and 75 days (35 cm) over <3g minitubers (22 and 26 cm,
respectively) under G-0 Sadawarti et al., 2017a 3,

Stem/plant

Variation in stem number was reported in microplants,
microtubers and minitubes due to to genetic background.
Significantly highest number of stems 3.3 and 3.0 respectively
were recorded in cv. Kufri Chipsona-3 and Kufri Sadabahar
under microplant at Modipuram UP (Kumar et al., 201224),
The number of shoots per plant varied significantly between
the cultivars with more shoots in Kufri Giriraj (2.14) than
Kufri Kanchan (1.88) under microplant multiplication
(Sharma et al., 2014a ), Significantly higher stems per
plant was recorded in <3 g minitubers (1.2) over other two
types of micropropagated materials viz microplant and
microtuber which recorded single stem per plant under
Gwalior condition of North central India (Sadawarti et al,
2017b 4), Sadawarti et al (2018a 1) reported significantly
higher stem/ plant in >8mm size microtubers (1.9) followed
by >6-8mm size (1.3) over >4-6mm size microtubers (1.2).
Single stem/plant were reported in both the <3g and 3-10g
grade of aeroponic minituber multiplication under Gwalior
conditions (Sadawarti et al., 2017a [*31),

Compound leaves/plant

Canopy cover at 45 days was highest in Kufri Bahar, Kufri
Anand and Kufri Pukhraj and in Kufri Chipsona-1 and Kufri
Chipsona-2 at 60 days of planting (Kumar et al., 2007 %) and
leaf area index in Kufri Chipsona-1 at Modipuram UP
(Kumar et al., 2012 211y and higher compound leaves in Kufri
Sindhuri under Gwalior (MP) conditions of India (Sadawarti
et al., 2017b ©4). Compound leaves/plant was significantly

http://www.chemijournal.com

higher in 3-10g of minituber (13) over <3g (9) of aeroponic
minitubers multiplication under G-0 (Sadawarti et al., 2017
al*l). The Microtubers had high means for the plant height,
the branch number as compared to in vitro plants (Oztiirk and
Yildirim, 2010 %),

Yield parameters of hi-tech planting materials

Mean tuber weight

From microplants, significantly highest mean tuber weight
was observed in cv. Kufri Sadabahar (15 g) followed by cvs.
Kufri Bahar and Kufri Surya under Modipuram and Gwalior
conditions which could be due to cultivars having lesser
number of mini-tubers per plant (Kumar et al., 2007 2%, 2011
(221 2012 4 and Sadawarti et al., 2018a “3). Mean tuber
number/plant was significantly higher in micro-plant (14.61)
over microtuber (12.59) multiplication in three varieties under
Bangladesh conditions (Hossain et al., 2017 [*3), In micro-
tuber, mean tuber weight ranged from 26.50 to 7.77 g and was
highest in Kufri Surya (26.50 g) (Sadawarti et al., 2018a [*°]),
Cultivar Kufri Giriraj produced maximum average weight of
mini-tubers (14.3 g) followed by Kufri Chipsona-2 (13.9 g)
under micro-tuber multiplication study (Somani and
Venkatasalam, 2012 %), Singh et al. 2007 2% reported mean
tuber weight of 9.0 g in all the varieties except Kufri
Chipsona-2 (6.4g). Among micro-propagated material mean
tuber weight was highest in mini-tuber (22.46 g) followed by
micro-plant (15.59 g) and micro-tuber (14.62 g) (Sadawarti et
al., 2018a [*),

Number of minitubers

Minituber number varied depending on cultivar and
emergence %. In microplant study, highest minituber/m? was
reported in Kufri Anand followed by Kufri Bahar, Kufri
Chipsona-1, Kufri Surya, Kufri Sutlej and Kufri Pukhraj
under Modipuram, UP (Kumar et al., 2007 % and Kumar et
al., 2011 ), in Kufri Sindhuri in Gwalior MP (Sadawarti et
al., 2015 ) and Kufri Himalini and Kufri Kanchan in Kufri
shimla HP conditions (Sharma et al., 2010 52, Sharma et al.,
2014a 1), Lommen and Struik (1992) 4 also reported that
number of progeny tubers depend on cultivars. In vitro
plantlet group had higher tuber number (9.9) than the
microtuber group (9.5) in 2007 but had lower mean in 2008,
confirming variation in performance of potato plantlets
between years, planting seasons, growing conditions, plant
densities and potato cultivars (Ozakaynak and Samanci, 2004
[34])

Somani and venkataselam (2012 %) reported maximum
multiplication rate by number and weight in cultivar Kufri
Chipsona-1 (15.4 and 2143g) and the minimum by Kufri Jyoti
(3.9 and 314g) under 10 vyears study of microtuber
multiplication. Variation in multiplication rate seems to be
genetic trait (Singh et al., 2007 B4) where crop raised from
micro-tuber recorded higher multiplication rate than
microplant raised crop. Lower production potential of micro-
tubers has also been reported earlier (Wiersema, 1987162).
The rate of multiplication of micro-plants and micro-tubers
was almost similar in the cultivars under Shimla condition
(Venkataselam et al., 2011 51, Total tuber number/m? was
highest in Kufri Sindhuri (222 and 128) in microplant and
micro-tuber and in Kufri Bahar (204) under minituber
multiplication (Sadawarti et al., 2018a [“3I). Total number of
tubers per m? was also affected and, as mean of the two
spacings, ranged from 107.8 with microtubers, 122.1 with

minitubers, to 142.9 with normal tubers (Ranalli et al., 1994
[38ly,
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Yield by weight

Within cultivars, yield of minitubers was more in Kufri
Giriraj (2.61 kg /m?) than Kufri Kanchan (1.63 kg /m?) under
microplant study at Kufri Shimla (Sharma et al., 2014¢®).
The highest yield (2.7 Kg/m?) of minitubers per unit area was
observed in Kufri Bahar followed by Kufri Anand, which was
at par with Kufri Sutlej and Kufri Badshah. Due to poor
establishment, Kufri Pukhraj produced the lowest yield (1.69
Kg/m?) of minitubers per unit area under microplant study at
Modipuram UP (Kumar et al., 2007 ), Srivastava et al
(2015 557 reported that large sized micro-tubers out yielded
the smaller sized and differences in the production potential
can be attributed to the variable genetic base of the varieties
evaluated as well as to the corresponding growth vigour.
Varietal differences on genetic background was also reported
by Singh et al, 2007 B4 and Somani and venkataselam, 2012
5%, For yield characteristics the in vitro plant group had
higher means than those of the microtuber group. This
superiority could be due to the longer growing time at the in
vitro group plants after the transfer to seedbeds. Therefore the
in vitro plant group plantlets had early rooting and leaf
development as compared to the microtuber group tubers.
Thus the in vitro plant group had longer period for tuber
bulking so heavier tubers were produced (Oztirk and
Yildirim, 2010 %),

Kufri Surya (2.67 and 2.92 Kg/m?) in microplant, Kufri Bahar
(1.65 and 1.78 Kg/m?) in micro-tuber and Kufri Chipsona-1
(4.64 and 4.98 Kg/m2) in mini-tuber recorded significantly
higher total tuber yield (Sadawarti et al., 2018a ). Total
tuber yield was higher in mini-tuber (3.10 Kg/m?) followed by
microplant (1.74 Kg/m?) and micro-tuber (1.16 Kg/m?)
Sadawarti et al, 2018a ®. In aeroponic tuber multiplication,
yield and number of tubers were dependent on the
physiological age of minitubers harvested on successive dates
(Rykaczewska, 2016 1), At close and wide spacings between
rows, microtubers yielded 27.3 and 6.7 t/ha, and minitubers
38.9 to 24.4 t/ha respectively (Ranalli et al., 1994 [¥81),

Conclusion

ICAR-CPRI, Shimla has standardized a number of hi-tech
seed production systems based on tissue culture and
micropropagation technologies. Adoption of those systems of
seed production will improve the quality of breeder seed,
enhance seed multiplication rate and reduce field exposure of
seed crop by at least 2 years. Growth and yield parameters
varied as per hi-tech seed production material, agronomy,
genetic background and size of planting materials used for
minituber production in different agro climatic systems.
Aeroponic technology is promising due to higher seed
multiplication rate.
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