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ABSTRACT
his study was conducted during 2020-21 to 2023-24 at ICAR-Central Potato Research Institute, Regional Station,

Gwalior, Madhya Pradesh, India to compare the production potential of newly released potato varieties grown as aeroponic
minitubers under different spacing combinations under net house conditions. The planting was done in 2" week of November
each year two spacing combinations 30x10 cm? (333333 plants ha?) 30x15 cm? (222222 plants ha™) and four varieties viz
Kufri Ganga-Medium maturing, Kufri Lima-Medium maturing heat tolerant and Kufri Mohan -early bulking medium
maturing and Kufri Sangam-medium maturing processing with plot size of 1.80m? The trial was planted in factorial RBD
with three replications with spacing combinations as main plot and varieties as sub plots. The objective was to determine the
optimal spacing for maximizing yield, tuber size, and overall performance of these varieties. No significant difference in growth
parameters among spacing combinations, but varietal differences were observed. 30x10 cm? spacing recorded significantly
higher total tuber number (1571 thousand ha™) compared to 30x15 cm? spacing (1301 thousand ha™!). Varieties Kufri Ganga,
Kufri Mohan, and Kufri Sangam recorded significantly higher total tuber numbers over Kufri Lima. Study suggests that newly
released potato varieties grown as aeroponic minitubers should be multiplied at 30x10 cm? spacing to achieve a higher number
of tubers. Kufri Ganga and Kufri Mohan performed better in terms of total tuber weight, while Kufri Lima and Kufri Mohan
had a higher percent of medium-sized tubers by number.
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1. INTRODUCTION
Aeroponic systems have become a cornerstone for
pre-basic potato seed production in both public and
private sectors in India, revolutionizing the industry with
high multiplication rates and healthy seed production
(Anonymous, 2018). It is a cost-effective and more efficient
method of pre-basic quality seed production (Ritter et al.,
2001) and its optimization is important for sustainable
production of potato (Solanum tuberosum L.) Rykaczewska,
2016. Minitubers can be produced using this technology
by using healthy 77 vitro plants. This technique makes it
easier to apply phytosanitary requirements and to produce
minitubers over the entire year (Buckseth et al., 2016; Tiwari
et al., 2022). Shortening the span of potato stock breeder
seed production by just about a pair of years and production
of fresh material are the most important advantages of
aeroponic system (Sadwarti et al., 2024). Aeroponic
potato production provides better profit compared to GO
conventional as the productivity higher, the tuber was
better and healthier, sterile and free from pests and diseases
(Sembiring et al., 2021). This method is well integrated
at the Central Potato Research Institute (CPRI) and its
regional stations for basic/nucleus seed potato production
(Anonymous, 2022). Aeroponic minitubers, typically 3-5 g,
are further multiplied in net houses under various spacing
combinations to optimize yield and facilitate the production
of breeder seeds (Sadawarti et al., 2020). While the standard
30x10 cm spacing has been commonly used, it often
results in a high percentage of very small minitubers (<3 g)
(Sadawarti et al., 2020), which are not ideal for further field
multiplication. Therefore, optimizing planting geometry is
crucial for producing larger tubers and increasing growers’
revenue (Kaur et al., 2019). Higher production potential
of aeroponically produced minitubers under nethouse,
ridge and furrow method of planting along with sprinkler
irrigation (Sadawarti et al., 2024).

The ICAR-Central Potato Research Institute (CPRI)
continuously develops new potato varieties to meet the
demands of farmers and consumers. These varieties are
tailored for specific purposes, such as table and processing
uses, nutrient enrichment, and heat tolerance for early
planting or hot regions (Anonymous, 2021). Among these,
Kufri Ganga, Kufri Lima, Kufri Mohan, and Kufri Sangam
are prominent varieties each suited for different conditions
and purposes. Evaluating the production performance of
these varieties under different spacing combinations in net
house conditions is crucial for optimizing yield and tuber
quality, essential for successful seed production programs.
Kufri Ganga is a medium maturing, main season, high
yielding table purpose potato variety suitable for cultivation
in north Indian plains (Lutra et al., 2019). Kufri Lima is a
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heat tolerant table potato variety suitable for early planting
in North Indian plains (Lutra et al., 2020). Kufri Mohan is a
medium maturing, main season, high yielding table purpose
potato variety suitable for cultivation in Indo-Gangetic
plains (Lutra et al., 2017). Kufri Sangam is a medium
maturing, main season high yielding dual purpose potato
variety suitable for cultivation in northern plains (for table
use) and central plains (for processing and table use) Gupta
et al., 2021. At ICAR-CPRI, these cultivars are further
integrated into the seed production chain via an aeroponic
and conventional system. Profiling diverse tuber sizes is
critical for seed generation and multiplication (Kaur et al.,
2019). As a result, there is a need to assess the production
performance of these newly released varieties under various
spacing combinations and net house circumstances.

2. MATERIALS AND METHODS

n experiment was conducted under the net house of

ICAR-Central Potato Research Institute, Regional
Station, Gwalior (26° N and 78° E, altitude 207 m msl)
with four recently released cultivars viz Kufri Ganga-
Medium maturing (planted in 202021 and 2021-22), Kufri
Lima -Medium maturing heat tolerant and Kufri Mohan
-early bulking medium maturing (planted in 2021-22 and
2022-23) and Kufri Sangam-medium maturing processing
(planted in 2022-23 and 2023-24). Aeroponic minitubers
were allowed to sprout under diffused light and planted
in the 2" week of November. Seed bed was prepared with
layer of well decomposed farm yard manure and sand in
the ratio of 1:1 on the top of the bed under insect-proof
net house Well sprouted aeroponic minitubers (45 g) were
planted two spacing combinations 30x10 cm? (333333
plants ha™) 30x15 cm? (222222 plants ha') with plot size
0f 1.80m?. The trial was planted in factorial RBD with three
replications with spacing combinations as main plot and
varieties as sub plots. Trial was conducted as per standard
seed plot techniques in which N:P:K was given in the
ratio of 150:60:100. Full doses of P through single super
phosphate, K through muriate of potash and half dose of
N through ammonium sulphate were applied at the time
of planting. Remaining half dose of N was applied through
urea after 25-30 days of planting. Standard seed production
practices were followed for the management of the crop. The
emergence was recorded at 30 days after planting (DAP).
The crop was terminated at 90 days by uprooting haulms
and harvested after allowing skin curing for 15 days. Yield,
total number of tubers, tuber grades, viz. Undersize <3 g,
3-10g,11-20 g, 21-40 g, 41-80 g and >80 g were recorded
after harvesting. Data was pooled and analyzed statistically
and means were separated according to the least significant

differences (LSD) at 0.05 level of probability.
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3. RESULTS AND DISCUSSION

3.1. Emergence and growth parameters

No significant difference was reported for emergence
percentage across spacing combinations and among the
varieties. No significant differences in plant height, number
of stems per plant, and number of compound leaves per plant
(Table 1). This aligns with findings from previous studies
by Sadawarti et al. (2020), Devi et al. (2023), and Kaur et

al. (2019). Among varieties significantly higher plant height
was recorded in K. Lima (42.3 ¢m) and K. Sangam (49.3
cm) over K. Mohan (37.7 cm). Number of stems plant™ was
significantly higher only in K. Mohan (2.0) over all other
tested varieties. Compound leaves/plant was significantly
higher in K. Ganga (17.7), K. Lima (15.3) and K. Mohan
(24.8) over K. Sangam (12.2). Variability among varieties
was reported for growth parameters (Devi et al., 2023; Kaur
et al., 2019).

Table 1: Growth parameters and grade wise tuber yield by number as influenced by spacing combinations and varieties

Spacing Growth parameters Tuber yield by number (000 ha')
combinations Emergence Plant Stem No. Compound <3g 4-10 11-20 21- 41-80 >80 Total
/varieties % height plant®  leaves plant™ g g 40¢g g g
plant™ (cm)

30x10 cm? 97.71 41.7 1.2 17.2 629 402 259 209 69 1571
30x15 cm? 97.66 419 1.4 17.8 502 315 215 188 74 1301
CD (p=0.05) NS NS NS NS 825 690 262 NS NS NS 80.0
K. Ganga 97.50 38.0 1.2 17.7 884 438 253 240 35 5 1856
K. Lima 97.90 42.3 1.0 15.3 316 205 195 158 73 8 954
K. Mohan 98.46 37.7 2.0 24.8 581 484 255 227 126 7 1680
K.Sangam 96.88 49.2 1.2 12.7 481 307 247 169 51 1 1256
CD (p=0.05) NS 4.29 0.48 2.83 116.7 976 371 322 493 44 1132
Interaction 3.38 6.07 0.68 4.00 165.1 138.0 52,5 455 69.7 6.2 160.1

3.2. Grade wise and total tuber yield
3.2.1. Number of tubers (000 ha™)

Closer spacing (30x10 cm?) favors the production of more
small-sized tubers, while wider spacing (30x15 cm?) favors
larger-sized tubers. Very small (<3 g), small size tubers
(3-10 g and 11-20 g) were significantly higher in 30x10
cm? spacing (629 thousand ha™ for 3 g, 402 thousand ha™!
for 3-10 g and 259 thousand ha™ for 11-20 g) over 30x15
cm? spacing (502 thousand ha™ for 3 g, 315 thousand ha™
for 3-10 g and 215 thousand ha for 11-20 g). For 21-40 g
tuber also, 30x10 cm? spacing (209 thousand ha™) recorded
non significantly higher tubers over 30x15 cm? spacing (188
thousand ha™). But for medium seed size (41-80 g) and
over size (>80 g) higher in wider 30x15 cm? spacing (74
thousand ha™ and 7 thousand ha™ respectively) over higher
spacing 30x10 cm? (69 thousand ha and 4 thousand ha™!
respectively) table 1. Reduced intraspecific competition
among potato plants, leading to a shift from producing
many small minitubers at closer spacings to fewer larger
minitubers at wider spacings (Santos and Rodriguez, 2008).
At 0.20 m between plants, potato plants produced many
small minitubers, whereas at a distance of 0.40 m between
plants, there were fewer and larger minitubers (Santos
and Rodriguez, 2008). Present finding is also supported

by Sadawarti et al., 2020. 30x10 cm? (1571 thousand ha"
1) recorded significantly higher total tuber number over
30x15 cm? spacing (1301 thousand ha?) table 1. Closer
spacing (30x10 cm?) significantly increases the total number
of tubers per hectare compared to wider spacing (30x15
cm?). Similar reports were found by Sadawarti et al., 2020.
Increased in number of tubers per unit area might be due
to more number of plants or stems per unit area in 30x10
cm? plant geometry which is directly related to stem number
(Kaur et al., 2019; Sharma and Kumar, 2014; Mohamed et
al., 2018).

The results highlight significant differences in tuber size
distribution and total tuber number among the different
potato varieties. Significantly higher counts for very small
and small size tubers in all varieties (K. Ganga, K. Mohan,
and K. Sangam) over K. Lima. 21-40 g tubers were
significantly higher in K. Ganga (240 thousand ha) and
K.Mohan (227 thousand ha™) over K. Lima (158 thousand
ha?) and K. Sangam (169 thousand ha™). Medium size
(41-80 g) tubers were significantly higher in K. Mohan (126
thousand ha™) over other three varieties and least was found
in K. Ganga. All the other three varieties found significantly
higher over size (>80 g) tubers over Kufri Sangam (1
thousand ha). K. Ganga (1856 thousand ha™), K. Mohan
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(1680 thousand ha™) and K. Sangam (1256 thousand ha™)
recorded significantly higher total tuber number over K.
Lima (954 thousand ha™) table 1. The genotype (cultivar)
and the type of planting material significantly impact the
total number of minitubers, minituber mass, and overall
potato production (Buckseth et al., 2023). Similar trends
were observed in minituber multiplication studies by

Sadawarti et al. (2023).
3.2.2. Tuber weight (t ha)

The findings indicate how spacing impacts the weight of
tubers of different sizes. Very small (<3 g), small size tubers
(3-10 g) tuber weight were non significantly higher in
30x10 cm? spacing over 30x15 cm? spacing. 11-20 g (3.42
t ha') and 21-40 g (6.35 t ha™) tubers were significantly
higher 30x10 cm? spacing over 30x15 cm? spacing. But
for medium seedsize™ (41-80 g) and over size (>80 g) non
significantly higher in wider 30x15 cm? spacing (3.47 t
ha and 0.97 ha™ respectively) over higher spacing 30x10
cm? (3.05 t ha' and 0.66 t ha! respectively). Total weight
(t ha) was at par among both the spacing combinations
(table 2). Plant spacing of 30x15 cm? is optimal for potato
plantlets transplantation in greenhouse benches for
maximum minituber yield (Gul et al., 2020). Increasing
in-row distances between 0.20 and 0.40 m resulted in a
significant decline (—44%) in minituber weight per unit area
(Santos and Rodriguez, 2008). These results suggest that

while closer spacing (30x10 cm?) can increase the weight of
small and intermediate-sized tubers, wider spacing (30x15
cm?) is slightly more favorable for larger tubers. However,
the total tuber weight remains unaffected by the spacing,
indicating that the choice of spacing should be guided by
the desired tuber size distribution rather than total yield.

K. Ganga and K. Mohan significantly outperformed K.
Lima and K. Sangam for these smaller tuber categories.
Among varieties, very small (<3 g), small size tubers (3-10 g,
11-20 g and 21-40 g) were significantly higher in K. Ganga
(1.20, 2.20, 3.96 and 10.43 t ha™ for <3 g, 3-10 g, 11-20
g and 21-40 g respectively) and K. Mohan (0.96, 2.85,
3.61 and 5.52 t ha*for <3 g,3-10 g, 11-20 gand 21-40 g
respectively) over K. Lima and K. Sangam. Medium size
41-80 g tubers were higher in all the other three varieties
over K. Ganga. But Large (>80 g) tubers were significantly
higher in K. Ganga, K. Lima and K. Mohan over K. Sangam
(0.18 t ha''). Total tuber weight was significantly higher in
K. Ganga (20.31 t ha') and K. Mohan (19.75 t ha™) over
K. Lima (12.19 t ha™?) and K. Sangam (11.11 t ha™) table
2. Variability in tuber weight plant™ was observed among
three potato varieties in aeroponic (Bag et al., 2015). Five
potato cultivars viz Agria, Cleopatra, Désirée, Kennebec,
and Sinora recorded variation in yield due to their plant
origin (Brocic et al., 2022).

Table 2: Grade wise tuber yield by weight as influenced by spacing combinations and varieties

Spacing combinations

Tuber yield by weight (t ha™)

fvarieties 3g 410g 1120 g  21-40g 41-80 g >80 g Total
30x10 cm? 0.79 2.15 3.42 6.35 3.05 0.66 16.41
30x15 cm? 0.72 1.73 2.94 5.45 3.47 0.97 15.27
CD (p=0.05) NS NS 0.37 0.87 NS NS NS

K. Ganga 1.20 2.20 3.96 10.43 1.05 1.48 20.31
K. Lima 0.43 1.23 2.67 3.58 3.65 0.63 12.19
K. Mohan 0.96 2.85 3.61 5.52 5.84 0.97 19.75
K.Sangam 0.42 1.48 2.47 4.07 2.50 0.18 11.11
CD (p=0.05) 0.13 0.71 0.52 1.24 215 0.52 2.34
Interaction 0.19 1.00 0.73 1.75 3.04 0.74 331

3.3. Percent <3 g and 41-80 g tuber

Percent <3 g (very small) both by number and weight were
at par in both the spacing combinations. But in case of
percent 41-80 g (medium size) tuber, 30x15 cm? recorded
non significantly higher % tuber spacing number (5.80%)
and weight (23.61%) tuber % over 30x10 cm? spacing
(Figure 1). Higher proportions of large-sized minitubers
are obtained at lower plant densities, while higher plant
densities lead to smaller tubers due to increased competition

for space and nutrients (Sadawarti et al., 2020; Sharma et
al., 2014). Among varieties, K. Ganga (47.5%) by number
and K. Ganga (5.93%) and K. Mohan (4.91%) by weight
recorded significantly higher % <3 g (very small) tuber over
other varieties. For percent 41-80 g (medium size) tuber by
number, K. Lima (7.73) and K. Mohan (7.62) recorded over
other two varieties and by weight all other three varieties
recorded significantly higher % tuber over K. Ganga (5.15)
Figure 2. 36.6% and 3.6% in K. Lauvkar and 37.7% and
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1.1% in K. Surya <3 g and 41-80 mini tuber respectively Singh, T. Buckseth, R.K. (Eds.), Training on seed
was reported in aeroponic minituber multiplication study potato production, ICAR-Central Potato Research
(Sadawarti et al., 2023) confirming the varietal differences Institute, Shimla and CPRS, Jalandhar, April 04-13,
resulted in the present study. pp- 8-13.
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