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ABSTRACT

o)

Efficient planting systems are critical for improving seed multiplicatio and sustainability in potato seed production.
This study evaluated the performance of dual-row transplantatio without hardening (DRTB) and hardened single-row

transplantation (HSRT) across three potato cultivars (Diamant,
consecutive growing seasons (2023-24 and 2024-25). Significant

and seasons for growth, yield attributes, tuber size distrib.
less seed for next-generation pre-foundation seed prod
produced a higher total tuber yield per acre (5,
significantly greater number of small-to-mediumysi
physiologically superior for seed purposes. e
coverage in the subsequent generati
enhanced stem proliferation, higher

improved seed multiplication efficien

cia, and Asterix) under net house conditions during two
rences were observed between planting systems, cultivars,
and seed use efficiency. The DRTB system consistently required
378 kg acre™!) than HSRT (523-549 kg acre™!). Although HSRT
compared with DRTB (4,000 + 0.22 kg), DRTB generated a

mini-tubers (5-30 g) and a higher tuber number per plant, which are
ntly, despite its lower total yield, the DRTB method enabled greater land
s higher tuber number per kilogram and superior seed multiplication efficiency

ity, and early stolon initiation under DRTB promoted increased tuber numbers and
contrast, HSRT favored larger tubers (>30 g), which may increase the risk of latent

pathogen transmission and seed degeneration. Among the cultivars, Diamant consistently outperformed Valencia and Asterix in
terms of yield attributes and seed multiplication potential. Overall, DRTB enabled seed harvested from one acre to plant up to 10
acres in the subsequent generation, compared with only 8-9 acres under HSRT. The results demonstrate that DRTB is a more
resource-efficient, seed-oriented, and economically viable planting strategy than the conventional HSRT system, offering strong

potential for improving the sustainability of pre-foundation seed potato production.

Keywords: Transplanting Method; Dual-Row Planting; Mini-Tuber Production; Planting Geometry; Tuber Size

Distribution; Seed Multiplication Efficiency.

INTRODUCTION

Potato (Solanum tuberosum L.) is the fourth most
important food crop worldwide after rice, wheat, and maize,
and plays a pivotal role in global food security, human
nutrition and income generation. In Bangladesh, potato
cultivation has expanded rapidly over recent decades owing to
its short growth duration, high caloric value, adaptability
to diverse agro-ecological conditions, and suitability for
multiple cropping systems. Consequently, the demand for
high-quality, tubers  has
substantially, particularly for processing industries, export
markets, and table consumption. According to reporting by
The Business Standard, based on Bangladesh Bureau of
Statistics (BBS) data, potatoes were grown on approximately

disease-free  seed increased

4.57 lakh hectares (= 457,000 ha) in 2024, representing a
notable increase from the previous year, with national average
yields around 23.9 t ha™'. These production levels were well
above the country’s annual domestic requirement of about 9
million tonnes (including seed use) [1]. However, despite
surplus production, limitations in cold storage capacity,
processing infrastructure, and export channels have created
challenges in managing market supply and stabilizing prices.

Conventional seed potato production systems are often
constrained by low multiplication rates, the accumulation of
viral and bacterial diseases and inconsistent tuber quality.
Tissue culture technology offers a viable alternative by enabling
the rapid production of genetically uniform, virus-free plantlets
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that can serve as high-quality seed material [2,3,4]. However,
highly during the
transition from in vitro to field conditions. Exposure to
fluctuating temperatures, variable light intensity, soil moisture
stress and non-sterile environments can result in high mortality,
poor establishment and reduced yield if acclimatization is
inadequate [5].

tissue-cultured plantlets are sensitive

To overcome these constraints, several establishment and
acclimatization techniques have been developed to enhance the
survival and field performance of tissue-cultured potato
plantlets. Direct bed planting with semi-hardening involves
transplanting plantlets directly into nursery or field beds with
gradual exposure to ambient environmental conditions, thereby
reducing transplant shock and encouraging early vegetative
growth [6,7]. Alternatively, bed-to-field transfer with hardening
incorporates an intermediate acclimatization phase, during
which plantlets are maintained in seedling beds for 12-15 days
prior to final field planting. This approach allows for gradual
adaptation of root and shoots systems to non-sterile conditions,
potentially  improving  establishment and  subsequent
productivity. The effectiveness of acclimatization and planting
methods can conditions, varietal

vary with climatic

characteristics, and  production  objectives.  However,

comparative data under the agro-climatic conditions of
northern Bangladesh remain limited. Therefore, systematic
evaluation is necessary to optimize plant survival, growth, yield,
tuber quality and economic performance. This study aimed to
assess the effects of direct bed planting and hardening-based

field transfer of three potato varieties.
MATERIALS AND METHODS

Experimental Site and Growing Conditions

The experiment was conducted during the 2023=24vand 2024-
25 growing seasons at the experimental field of. Dolua, Birganj,
Dinajpur, Bangladesh (25.7997° N, 88.4622° E; €levation 33 m
above sea level). The experimental site was located above flood
level and characterized by good drainage, making it suitable for
potato cultivation.

The soil was classified as non-calcareous dark grey floodplain
soil with a sandy loam texture (60% sand, 25% silt, and 15%
clay). The soil contained 1.15% organic matter and had a
slightly acidic pH of 5.8. To ensure protection from insect
vectors while maintaining adequate light penetration and
ventilation, the entire experimental area was covered with a
nylon net house. The structure was supported by bamboo poles
(6.5 ft height) with crosswise supports tied using burlap. Nylon
netting was extended downwards and buried into the soil along
the base to prevent insect entry, thereby creating a protected
environment suitable for seed potato production.

Plant Materials

Three potato (Solanum tuberosum L.) varieties were used in
this study:

¢ Vi Diamant (BARI Alu-7)

e Va: Asterix (BARI Alu-25)
¢ Vi: Valencia (ACI Alu-10)
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Tissue-cultured potato plantlets of all varieties were obtained
from the Advanced Seed Research and Biotech Centre
Laboratory (ASRBCL) House: 18/B, Road: 126, Gulshan,
Dhaka, Bangladesh.

Land Preparation and Fertilization

The experimental field was prepared using a power tiller
followed by five successive cross-ploughings and laddering to
obtain a fine tilth. All weeds, crop residues, and stubbles were
removed before planting. To control soil-borne insect pests,
Goolee 3GR (Fipronil 3%) was applied at a rate of 8 kg acre™!
during final land preparation.

Organic fertilizers consisting of decomposed cow dung (3 ton
acre™!) and wood ash (2 ton acre™!) were incorporated into the
soil before final land preparation. An additional 1 ton acre™!
cow dung and 1 ton acre™! wood ash were applied during the
second earthing-up.

Chemical fertilizers were applied at the rates of 120 kg TSP,
120 kg MOP, 80 kg urea, 40 kg gypsum, 5 kg zinc, 5 kg boron,
and 5 kg sulfur acre-1 prior to final land preparation. The
remaining 60 kg ISP, 60 kg MOP, and 40 kg urea acre-1 were
top-dressed at 30¢days after transplanting (DAT) during the
second earthingaup.

Experiméntal Design and Treatments

The ‘experiment was laid out following a factorial arrangement
with two planting methods and three potato cultivars,
replicated five times. Each variety occupied an equal land area
(0.065 acre) per planting method across five replications.

The treatments consisted of two transplantation methods:

1. Dual-row transplantation on bed without hardening

(DRTB)

2. Hardened single-row transplantation (HSRT)

Transplantation Methods

Dual-Row Transplantation on Bed without Hardening
(DRTB):

In the dualrow bed system, tissue-cultured potato plantlets
were directly transplanted into nursery beds inside the net
house without prior hardening. Each replication consisted of
five beds, and each bed contained two rows, resulting in a total
of 25 beds and 50 rows across five replications.

Each bed measured 1000 cm in length and 60 cm in width.
Row-to-row spacing within beds was maintained at 30 cm, while
plant-to-plant spacing was fixed at 12 cm. A 30 cm space was
maintained around each bed to facilitate irrigation, earthing-
up, and the addition of soil and fertilizer mixtures.

Hardened Single-Row Transplantation (HSRT):

For the hardened transplantation method, tissue-cultured
plantlets were first transplanted into hardening beds on 15
November and irrigated daily using a fine spray. The beds were
initially covered with polyethylene sheets to maintain high
humidity. After seven days, the polyethylene covers were
removed, and seedlings were exposed to open conditions for an
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additional three days to complete the hardening process.
Hardened seedlings were subsequently transplanted into the net
house in single rows, each measuring 1000 cm in length. Row-
to-row spacing was maintained at 60 cm, and plantto-plant
spacing was kept at 12 cm.

The total land coverage per variety across five replications was
0.065 acre which was subsequently converted to one acre for
ease of analysis.

e
. Dual-row plantation on bed without hardening.
B. Showing shed covered on Dual row.

Plate 2: A.
B. Showing single row plantation.

Plate

wing hardening bed.

Climatic Conditions of the Experimental Area

The experimental area is characterized by a subtropical climate
with three distinct seasons: monsoon (May-October), post-
monsoon (November-February), and pre-monsoon (March-
April). Weather data were obtained from the Bangladesh
Meteorological Department for the period from November
2024 to March 2025. The field experiment was conducted from
November 2023 to March 2024 and November 2024 to March
2025 respectively while data collection continued at different
growth stages until April 2025. During the study period
(November-March), maximum daytime temperatures were
recorded in November and March. The highest maximum
temperature (32.7 °C) was observed on 11 March 2025,
followed by 30.7 °C on 21 November 2024. The lowest'daytime
temperature (15.6 °C) was recorded on 24 January 2025 Night
temperatures during the same period showed considerable
variation, with the lowest minimum temperatuze (8.9 °C)
recorded on 11 January 2025, followed:. by 91 °C on 28
February 2025. The highest night temperature (18.9 °C)
occurred on 15 March 2025, while temperatures of 16.5 °C and
17.7 °C were recorded on 22 January and 21 December 2024,
respectively. Relative humidity during nighttime conditions also
fluctuated markedly. The highest relative humidity (91%) was
recorded on 11 December 2024 and 22 January 2025 whereas
the lowest nighttime relative humidity (38%) was observed on 3
March 2025. Photoperiod varied throughout the experimental
period, with the longest day length (11 h 59 min 28 s) recorded
on 15 February 2025 and the shortest day length (10 h 32 min
25 s) observed on 21 December 2024. These -climatic
conditions are generally favorable for potato growth and
tuberization, although fluctuations in temperature and
humidity during plant establishment may influence the survival
and performance of tissue-cultured plantlets.

Pest and Disease Management

Fungicidal applications were initiated one month after
transplanting and continued at 7-day intervals until haulm
pulling. Disease incidence was recorded one day prior to each
fungicide application.

Nemispore 80 WP (Mancozeb) was applied at a concentration
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of 4.5 g L to prevent late blight and other fungal diseases.
Under cold and humid conditions conducive to disease
development, Cemamix 750 WP (Carbendazim 12% +
Mancozeb 63%) was applied alternately to control blackleg and
associated fungal infections. Fungicide concentrations were
adjusted carefully to ensure effective disease suppression under
varying environmental conditions.

Harvesting and Post-Harvest Management

Haulm pulling was performed at 80 days after planting (DAP).
After haulm removal, tubers were left in the field for 12-15
days to allow curing, skin thickening, and wound healing. Final
harvesting was carried out at 100 DAP. Collected seeds then
preserved in cold storage for next year multiplication.

Data Collection

Growth parameters, including plant height, number of leaves
per plant, and number of shoots per plant, were recorded along
with yield attributes such as tuber number and tuber weight.
Observations were collected from ten randomly selected plants
per treatment at 20, 40, 60, and 80 DAP. Mean values were
calculated for eachs treatment. To allow comparison between
Dual-Row on Bed"and Hardened Single-Row planting systems
across space fand\time, tuber number and yield data were
expressedi®tna per square meter basis. Tuber number and yield
obtainéd from successive plantings under the dualrow on bed
system were summed to estimate total productivity per square
meter and compared with the hardened single-row system.

Statistical Analysis

Mean values were calculated using the formula:
< Xi
X= 2
N

Where, x = mean value,

> Xi= sum of observations,
N = number of observations.

Standard deviation (SD) and standard error (SE)
were calculated as:

Standard Deviation (SD) =/ ZXZ-(ZX)z/n

n-1
Standard Error (SE) =
n
Percentage distribution was calculated as

No of observation

% = x 100

Total No of observation

RESULTS AND DISCUSSIONS
Opverall Effects of Planting System, Geometry, and Cultivar

Analysis of variance revealed highly significant effects (P< 0.05)
of planting system, planting geometry, and cultivar on major
growth and yield attributes, including plant height, number of
stems per plant, number of tubers per plant, yield per plant,
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weight, and tuber size distribution. Significant
interactions were also observed between planting method and
cultivar across seasons. Differences in tuber size classes (<10 g,
10-20 g, 20-30 g, and >30 g) further demonstrated that
planting strategy strongly influenced tuberization pattern and
size heterogeneity. Effects of Dual-Row on Bed and Hardened
Single-Row Transplantation on Survival, Growth, and Tuber
Size Distribution of Potato Varieties (Diamant, Valencia

and Asterix) during 2023-24 and 2024-25.

tuber

Plant Establishment and Survival Percentage

Establishment percentage was assessed 10 days after
transplantation for both DRTB and HSRT across all varieties.
Survival was comparable between planting methods but varied
among varieties. In 2023-24, Diamant recorded the highest
survival (98.0%) under both methods, followed by Valencia
(96.0%), while Asterix showed the lowest survival (94.0%)
under DRTB. A similar pattern was observed in 2024-25, with
Diamant again exhibiting the highest survival (99.0%),
followed by Valencia (97.0%); the lowest survival (95.0%)
occurred in Asterix under HSRT (Table-1). These results
corroborate earlier findings that proper hardening enhances
field establishment and post-transplant survival by improving
plant adaptability and vigor [8].

Mean Plant Height

Morphological parameters were evaluated to compare growth
patterns of potato plantlets under two different planting
methods: singlerow transplantation after hardening (HSRT)
and dual-row transplantation on bed (DRTB). Across varieties
and seasons, the DRTB method consistently produced galler
plants than HSRT. During the 2023-24 season,stheshighest
mean plant height under DRTB was recorded in Diamant (79 +
0.13 cm), followed by Valencia (68 + 0.14 cm)j while Asterix
exhibited the lowest height (65 + 0.124cm)a Under HSRT,
Diamant again achieved the greatest height (70 + 0.13 cm),
followed by Valencia (67 + 0.14 cm), with Asterix remaining the
shortest (63 = 0.12 cm). A similar trend was observed in the
2024-25 season, with DRTB resulting in Diamant reaching 80
+ 0.23 cm, Valencia 70 = 0.14 cm and Asterix 63 + 0.12 cm.
Under the HSRT method, plant heights were slightly lower
with Diamant at 73 + 0.23 cm Valencia at 69 £ 0.14 cm and
Asterix at 66 + 0.12 cm. (Table 1).

The superior plant height under DRTB may be attributed to
reduced transplant shock and minimal root disturbance, as
seedlings are directly established on beds without subsequent
re-transplantation. In contrast, although hardening prior to
field transfer enhances root anchorage and initial shoot vigor,
the additional acclimatization phase can impose physiological
stress, temporarily limiting vegetative growth.

Mean Number of Stems Per Plant

The maximum number of stems per plant was consistently
recorded in both seasons. During 2023-24, Diamant produced
the highest mean stem number under DRTB (10+0.13),
followed by Valencia (8 + 0.14) while Asterix recorded the
lowest value (6 + 0.12). Under HSRT, Diamant again showed
the highest stem number (7+0.13), followed by Valencia
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(5£0.14) and Asterix (3+ 0.12). A similar trend was observed in
2024-25. Under DRTB, Diamant recorded the maximum stem
number (11+0.13) followed by Valencia (9+ 0.14) and Asterix (7
0.12).

Plate 3. Field study showing Plant height | Plate 4. Field study showing Plant height] | Plate 5. Field study showing Plant height
and branching in Diamant at 80 DAP and branching in Valencia at 80 DAP and branching in Asterix at 80 DAP
A. Dual-row on bed without hardening. | A. Dual-row on bed without hardening. A. Dual-row on bed without hardening.
B. Hardened single-row. B. Hardened single-row. B. Hardened single-row.

Under HSRT, Diamant maintained the highest stem count
(8+0.13), followed by Valencia (6 + 0.14), while Asterix
produced the fewest stems per plant (4+0.22) (Table-1). Overall,
these results clearly indicate that the DRTB planting method
promotes enhanced stem proliferation compared to HSRT.
However, an excessive number of stems may intensify intra-
plant competition for assimilates, potentially leading to
size [9]. Haverkort A] and Kooman PL (1997)

stem number is a

reduced tuber
critical determinant

in potato, where
increased stem density generally enhances tuber number and

total yieldsl2id]"

reported  that

of tuber set “and size distribution

] e BN VAL G

R B ) + Sl P .
Ve H ] ;:Qt}‘ o o PPN
AR LR | Y A | 7 I :\
Plate 6.Field study showing Diamant at 45|| Plate 7.Field study showing Valencia at

DAP 45 DAP DAP
A. Dual-row on bed without hardening. C. Dual-row on bed without hardening. || A. Dual-row on bed without hardening.

B. Hardened single-row. D. Hardened single-row. B. Hardened single-row.

Mean Number of Tubers Per Plant

For yield evaluation, harvested tubers were classified based on
individual tuber weight into 5-10 g, 10-20 g, and 20-30g, g03
classes. In the present investigation, the maximum number of
tubers per plant was consistently recorded under the dual-row
transplantation on bed by non-hardening (DRTB) method
across all varieties and seasons. During the 2023-24 growing
season, the highest mean number of tubers per plant under
DRTB was observed in the Diamant variety (18 = 0.23)
followed by Valencia (15 + 0.15) whereas Asterix produced the
lowest number of tubers per plant (14 * 0.25). In contrast,
under the single-row transplantation after hardening (HSRT)
method, Diamant recorded the highest mean tuber number (10
+0.23) followed by Valencia (9+0.15), while Asterix exhibited
the minimum tuber count (8 + 0.24). A similar varietal trend
was observed during the 2024-25 season. Under the DRTB
method, Diamant again produced the highest mean number of
tubers per plant (18+0.13) followed by Valencia (17 + 0.15) with
Asterix recording the lowest value (15+0.24). Under HSRT, the
highest mean tuber number was recorded in Diamant (11+.23)
followed by Valencia (10+0.15) whereas Asterix produced
the fewest tubers per plant (9 + 0.24) (Table 1).
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Mean number of tubers per plant (5-10 g)

The DRTB planting method was more effective in producing a
higher mean number of 5-10 g tubers per plant across all
varieties. During the 2023-24 season, Diamant exhibited the
highest mean number of tubers in this size category (6 + 0.12)
followed by Valencia (5+0.24) whereas Asterix recorded the

lowest mean number (4+0.23).

& Diamant (BARI Alu-7)  Valencia (ACI Alu-10)

& Diamant (BARI Alu-7) B Valencia (ACI Alu-10)

i Asterix (BARI Alu-25)

u Asterix (BARI Alu-25)

DRPB HSRT

[Fig-2 Showing comparison mean no. of tubers/plant
between DRPB and HSRT

Fig-1 Showing comparison of mean no. of
stems/plant between DRPB and HSRT

Similarly, in 2024-25, Diamant maintained the highest mean
number of tuber was 6+0.15 followed by Valencia which was
5+0.24, with Asterix again showing the lowest value (4+0.23).
The HSRT planting method was more effective in producing a
lower mean number of 5-10 g tubers per plant across all
varieties. During the 2023-24 season, Diamant exhibited the
highest mean number of tubers in this size category (2 + 0.22),
followed by Valencia (1+0.24) and Asterix respectively (1+0.23).
Similarly, in 2024-25, Diamant maintained the highest mean
no of tuber was 3+0.15, followed by Valencia (1+0.24) and
Asterix (1£0.23) (Table 1).

Mean number of tubers per plant (10-20 g)

The mean number of 10-20 g tubers per plant varied .with
planting method, variety, and season. During thé»2023<24
season under the DRTB planting method, Diamant recorded
the highest mean number of tubers in thisssize ‘eategory
(840.22) followed by Valencia (7+0.23) and Asterix (7+0.21)
respectively. In contrast, the HSRT method in the same season
resulted in 3+0.23 tubers per plant for Diamant, 4+0.24 for
Valencia and for Asterix 3+0.21. In the 2024-25 seasons, a
similar trend was observed. Under DRTB, Diamant recorded
9+0.21 tubers per plant, followed by Valencia (8+0.19), with
Asterix again showing the lowest value (6 £0.22). Under HSRT,
the mean number of 10-20 g tubers per plant 4+0.22 for
Diamant, 4+0.23 for Valencia, and 3+0.22 for Asterix were

recorded (Table-1).

Mean number of tubers per plant (20-30 g)

The number of tubers per plant in the 20-30 g category varied
with planting method, variety, and season. During the 2023-24
season under the DRTB planting method, Diamant recorded
the highest mean number of tubers (4:0.24) followed by
Valencia (320.23) and Asterix (3+0.21). In comparison, the
HSRT method produced higher counts of medium-tolarge
tubers, with Diamant recording 3+0.12, Valencia 2+0.21 and
Asterix 2+0.23. A similar trend was observed in the 2024-25
season. Under DRTB, Diamant produced 5+ 0.22 tubers per
plant, Valencia 4+0.25, and Asterix 4+0.23. Whereas HSRT,
the corresponding values were for Diamant (3£0.12), similar for
Valencia (3+0.23), and Asterix (320.21), indicating that
HSRTfavored the production of medium-to-large tubers (table).

OPEN 8 ACCESS Freely available online

The lower proportion of large tubers under DRTB can be
explained by increased tuber number and physiological
adjustments associated with direct transplantation. Root
establishment in transplanted plants reduces nutrient and water
uptake, are distributed among a larger
number of developing tubers, resulting in numerous but
smaller tubers. Furthermore, direct transplantation causes
lower gibberellin (GA) and higher abscisic acid (ABA) and
cytokinin levels, which favor stolon formation and tuber
initiation but limit tuber enlargement [10, 11].

and assimilates

Mean number of tubers per plant (>30g)

The mean number of tubers per plant in the >30 g category was
significantly influenced by planting method and variety. Under
the DRTB method, tubers exceeding 30 g were not observed in
any variety during either season. In contrast, the HSRT method
produced a higher number of medium-to-large tubers. During
the 2023-24 season, Diamant recorded 2.0 + 0.12 tubers per
plant, Valencia 2.0 £ 0.20 and Asterix 2.0 + 0.22. A similar
trend was observed in the 2024-25 season, with Diamant
recording 2.0 + 0.22, Valencia 2.0 + 0.21, and Asterix 2.0 %
0.23 tubers per plant (Table 1).

% of tubers pergplant (>30g)

The % tubers per plant in the >30 g category was significantly
influenced by planting method and variety. Under the DRTB
method, tubers exceeding 30 g were not observed in any variety
during cither season. In contrast, the HSRT method produced a
higher number of medium-to-large tubers. During the 2023-
24 season, Diamant recorded 20 tubers per plant, Valencia 17
and Asterix 22 similar trend was observed in the 2024-25
season, with Diamant recording 22 Valencia 25 and Asterix 22
tubers per plant (Table 1).

Overall, these findings indicate that while DRTB promotes a
higher number of tubers, HSRT favors the production of larger
(>30 g) tubers, reflecting a trade-off between tuber number and
size. In the present investigation, mini-tubers within the 5-30 g
size range were considered superior for establishment, as they
develop stronger root systems and produce more vigorous
plants with higher yield potential due to greater physiological
efficiency and the ability to generate multiple tubers in the
subsequent generation. Conversely, larger tubers (>30 g) may
harbor latent pathogens or viruses, thereby increasing the risk
of disease transmission to subsequent generation and resulting
in fewer seed tubers in later generations. Consequently, overall
yield may decline in advanced seed classes such as pre-
foundation, foundation, and certified seed. Therefore, reliance
on the HSRT method may expose farmers and seed-producing
companies to considerable economic loss, as
reported by Struik and Wiersema [8].

previously

Mean number of tubers per kilogram

The number of tubers produced per kilogram was significantly
influenced by planting method, cultivar, and growing season.
Across both years and all varieties, the dual-row transplantation
on bed (DRTB) method consistently produced a significantly
higher number of tubers per kilogram than the hardened single
row transplantation (HSRT) method.
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The DRTB transplanting method consistently produced a
significantly higher number of tubers per kilogram compared
with the HSRT method across varieties and years. During the
2023-24 season, the highest number of tubers per kilogram
was recorded under DRTB in Diamant (119 + 0.21), followed
by Valencia (114 + 0.24) while the lowest value was observed in
Asterix (106 + 0.23). In contrast, under the HSRT
transplanting method in the same year, Diamant produced 84+
0.21 tubers per kilogram, followed by Valencia (83 + 0.23), with
Asterix again recording the lowest number (82 + 0.19). A
similar trend was observed during the 2024-25 season. Under
the DRTB method, Diamant recorded the maximum number
of tubers per kilogram (121 + 0.22), followed by Valencia (116 +
0.25) whereas Asterix produced the minimum (110 * 0.23).
Conversely, the HSRT method resulted in comparatively fewer
tubers per kilogram, with values of 86 + 0.22 in Diamant, 85 +
0.23 in Valencia, and 84 + 0.21 in Asterix.

The higher tuber number per kilogram observed under the
DRTB method can be attributed to early tuber initiation and
restricted tuber bulking, which favor the production of a
greater proportion of small-sized mini-tubers. This explanation
is consistent with the findings of Firman who reported that
restricted canopy development and bulking lead to higher tuber
numbers with smaller individual size [12].

Mean Yield (g) Per Plant

The average yield of mini-tubers per plant was significantly
influenced by the method of planting (Table 1). Overall, the
dual-row transplantation on bed by non-hardening (DRTB)
method produced significantly higher yields
compared to hardened single row transplantation (HSRT)
method.

mini-tuber

ol Tobew ceipity TDE Fbewr veigiia6

Plate 9: Showing comparative
tuber no and weight (gm) in
Diamant.
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During the 2023-24 season, Diamant recorded the
highest mean yield under DRTB at 114 + 0.21 g per plant,
followed by Valencia (96 + 0.22 g) and Asterix with the
lowest yield (90 + 0.12 g).

In contrast, under HSRT, the highest yield was also in Diamant
(124 + 0.18 g), followed by Valencia (120 + 0.14 g), with
Asterix again producing the lowest (98 + 0.12 g). During
2024-25, similar trends were observed. DRTB yielded 116 +
0.18 g per plant in Diamant, 73 + 0.24 ¢ in Valencia, and 86 *
0.23 gin Asterix. Under HSRT, Diamant produced 124+
0.18 g, Valencia 120 + 0.14 g, and Asterix the lowest at 100
+ 0.22 g per plant. The superior performance of the DRTB
method can be attributed to the greater intra-row space,
allowing better development of underground plant parts,
particularly stolons and tuber-forming sites, aided by the
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addition of extra fertile soil over the row. Dawinder reported
that plant spacing significantly influences vegetative growth
and vyield of potato plants, with wider spacing generally
promoting better vegetative growth and higher yield per
plant [10].

H Diamant (BARI Alu-7) H Valencia (ACI Alu-10) H Diamant (BARI Alu-7) E Valencia (ACI Alu-10)

M Asterix (BARI Alu-25) M Asterix (BARI Alu-25)

121
119 406 121116 14

84 86 84
8382

2023-24  2024-25 | 2023-24 202425
DRTB HSRT DRTB HSRT

2023-24  2024-25 | 2023-24  2024-25

Fig: 3 Comparison mean yield (gm) per Plant
between DRPB and HSRT

Fig: 4 Comparison mean yield (gm) per Plant
between DRPB and HSRT

Mean Seed Requirement (kg acre™) for the Next
Generation (Pre-foundation Seed Production) (x * SE)

Seed requirement for nextgeneration prefoundation potato
production under net house conditions was significantly
influenced by planting method, cultivar, and production year.
Estimation of seed¢requirement per acre is a critical parameter
for assessing _seed smultiplication efficiency and economic
feasibility in| seed potato production systems. Across both
seasons, the dualrow transplantation on bed (DRTB) method
required “assubstantially lower quantity of seed per acre
compared with the hardened single-row transplantation (HSRT)
method. The reduced seed requirement under DRTB was
primarily attributed to the higher number of mini-tubers per
kilogram resulting from a greater proportion of smaller-sized
tubers. During the 2023-24 season, seed produced under the
DRTB method required the highest seed rate in Asterix (424 +
0.24 kg acre™), followed by Valencia (395 + 0.26 kg acre™®) while
the lowest requirement was observed in Diamant (378 + 0.25 kg
acre™t).

A similar trend was recorded in the 2024-25 season, where seed
requirement under DRTB was highest in Asterix (409 + 0.29 kg
acre™!) followed by Valencia (388 + 0.25 kg acre™!), and lowest in
Diamant (372 + 0.28 kg acre™!). In contrast, seed collected from
the HSRT method required significantly higher quantities per
acre due to the predominance of larger tuber sizes. In the 2023~
24 season, the highest seed requirement was recorded in Asterix
(549 £ 0.29 kg acre™), followed by Valencia (542 + 0.27 kg
acre™!) with Diamant (536 + 0.28 kg acre™) requiring the least
amount. A comparable pattern was observed in the 2024-25
season where Asterix (536 + 0.24 kg acre™) required the highest
seed rate, followed by Valencia (529 + 0.26 kg acre!) and
Diamant (523 0.23 kg acre™). Overall, these findings
demonstrate that the DRTB method significantly reduces seed
requirement per unit area, thereby improving seed use efficiency
and lowering production costs for seed potato enterprises.
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Dual-row transplantation on bed without Hardened Single-Row Transplantation (HSRT)
hardening (DRTB)
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influenced by planting method across both growing seasons and
all cultivars. Overall, the dualrow transplantation on bed
(DRTB) method consistently resulted in greater land coverage
compared with the hardened single-row transplantation
(HSRT) method. Seed harvested during the 2023-24 and
2024-25 seasons under the DRTB system enabled the highest
land coverage in the cultivars Diamant and Valencia, each
covering up to 10 acres, followed by Asterix with approximately
9 acres. In contrast, seed obtained from the HSRT method
resulted in the lowest land coverage potential, limited to about
8 acres for all varieties across both seasons.

®Diamant (BARI Alu-7) ®Valencia (ACI Alu-10) B Diamant (BARI Alu-7) M Valencia (ACI Alu-10)

M Asterix (BARI Alu-25) u Asterix (BARI Alu-25)

600 1

500 I 10

400 8

300 6

200 | ‘2‘

102 | o n

it 202. 5 202-
2023-24 2024-25 | 2023-24 2024-25 202324 202425 | 20222 2024-25
DRPB HSRT DRPB | HSRT

Fig-5 Showing comparison of mean seed Fig-6 Showing comparison of mean land

coverage(ac) acre in next generation between |

DRPB and HSRT

require (kg) per acre in next generation
between DRPB and HSRT

The superior land coverage achieved under the DRTB method
can be attributed to its higher seed multiplication rate,
primarily due to the production of a greater number of small-
sized minitubers. These smaller tubers reduce seed
requirement per unit area, thereby allowing a larger planting
area to be covered with the same quantity of seed. Similar
between distribution
multiplication efficiency have been reported by Struik and

Wiersema and Haverkort and Struik and Lommen [8,14-15].

relationships tuber size and seed

Overall, the DRTB method proved to be the most efficient
planting strategy for pre-foundation seed potato production. By
enhancing the proportion of small-sized tubers and. improving
multiplication efficiency, this method optimizes resource use,
increases land coverage for subsequent generations, and offers
greater economic benefits to seed-producingenterprises
compared with the conventional HSRT method: These findings
are consistent with earlier reports emphasizing the importance
of planting geometry and tuber size in seed potato systems

provided by Kumar [16].
Comparative Productivity and System Efficiency

The present study revealed significant differences in seed
requirement, tuber yield, and mini-tuber production between
the Dual-Row Transplantation on Bed (DRTB) and Hardened
Single-Row Transplantation (HSRT) systems across cultivars
and seasons. Seed requirement for next-generation pre-
foundation seed production was consistently lower under
DRTB compared to HSRT. Among the cultivars, Diamant
required the least seed under DRTB (372-378 kg acre™),
whereas Asterix required the highest. In contrast, HSRT
necessitated substantially higher seed rates (523-549 kg acre™?),
primarily due to the predominance of larger tubers. Although
HSRT produced a higher yield per acre, DRTB excelled in
generating a greater number of physiologically superior mini-
tubers suitable for seed purposes. When averaged across both
growing seasons, the DRTB system accommodated 115 rows
per acre, compared with 104 rows acre-1 in the HSRT system,

representing an ll-row reduction in the single-row system.
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Plant-to-plant spacing was maintained at 5 inches in both
systems. Despite the higher row density, the total tuber yield
under DRTB was 4,000 + 0.22 kg per acre, whereas the HSRT
system produced a higher yield of 5,000 + 0.24 kg per acre.
However, tuber number per plant was comparatively higher
under DRTB, reflecting the system’s efficiency in promoting
mini-tuber formation. The increased number of mini-tubers
observed under DRTB can be attributed to a higher number of
enhancing the number of
potential stolon initiation sites. Reduced physiological stress
during tuber initiation is known to promote higher tuber
numbers, supporting  the
DRTB. Previous studies
stem density per unit area leads to higher tuber numbers in
conventionally grown potato [6,17].

stems regenerated per plant,

superior  performance  of

have documented that increased

Furthermore, transplanting stress in DRTB plants—induced by
sudden transfer from in vitro conditions (high humidity, low
light, sugarfed) to ex vitro conditions—promotes early stolon
initiation, resulting in increased tuber formation [18,19,20].
The 2024-25 cropping season proved more favorable for potato
production than 2023-24, based on most yield attributes,
further highlighting the adaptability and efficiency of the
DRTB system.

CONCLUSION.

The ptesentstudy demonstrates that planting system, geometry,
and: cultivar significantly affect growth, tuberization, yield, and
seéd multiplication efficiency in potato under net house
transplantation on bed  without
hardening (DRTB) consistently outperformed hardened single-
row transplantation (HSRT) by promoting higher stem density,

conditions. Dual-row

early tuber initiation, greater tuber number per plant, and
efficient production of small-to-medium sized mini-tubers
suitable for prefoundation and foundation seed production.
While HSRT favored larger tubers and higher total yield, it
required more seed per unit area and exhibited lower seed
with
transmission through larger tubers. Among the cultivars

multiplication efficiency, increased risk of disease
studied, Diamant showed superior performance, followed by
Valencia, whereas Asterix was comparatively less efficient.
Overall, DRTB emerged as a resource-efficient, economically
viable, and seed-oriented planting strategy, enabling seed
harvested from one acre to cover up to 10 acres in the
subsequent generation, compared with only 8-9 acres under
the hardened singlerow transplantation (HSRT) system.
Adoption of DRTB can enhance seed multiplication, optimize
land use,

sustainability of seed potato production systems. These results

reduce production costs, and improve the
provide strong empirical support for recommending DRTB as

an improved planting technology for seed potato enterprises.

COMPETING INTERESTS DISCLAIMER

Authors have declared that they have no known competing
financial interests or non-inancial interests or personal
relationships that could have appeared to influence the work
reported in this paper.

Journal of Plant Science and Biotechnology

J. Plant Sci. Biotechnol, Vol.1 Iss.1, March (2026), pp:39-48



10.

11.

. Chandra S,

Siddique MNA

REFERENCES

. Bangladesh Bureau of Statistics (BBS). Yearbook of agricultural

statistics 2024 (or Annual crop production survey. 2024. Ministry of
Planning, Government of the People’s Republic of Bangladesh.

. Hernandez F, Martinez RT. In vitro techniques for seed potato

(Solanum tuberosum L.) tuber production: a systematic review. Plants.

2025;14(17):2777.

. Jacome Sarchi GA, Coronel Montesdeoca NT, Hernindez F,

RT.
tuberosum L. tuber

2025;14(17):2777.

Martinez In vitro techniques for seed potato (Solanum

production: a  systematic

. Sadawarti M]J, Singh SP, Singh RK, Buckseth T, Katare S,

Chakrabarti SK, et al. In vivo performance of hitech planting
materials for seed potato production: A review. IJCS. 2020;8(5):
1151-7.

V, Chandra R.
Acclimatization of tissue cultured plantlets: from laboratory to land.

Biotechnol Lett. 2010;32(9):1199-205.

Bandopadhyay R, Kumar

. Kumar P, Pandey SK, Singh SV, Singh BP, Singh K, Kumar D, et

al. Effect of growth duration, N application and row spacing on
productivity, profitability and processing quality of potato. Potato
journal. 2011;38(2):137-42.

. Razak SDA, Sani DO, Nassourou LM, Mouhamadou MB, Illiassa SS,

Moussa B. (2022). Effect of planting bed materials on plantlet
acclimatization and mini-tubers production in four varieties of

potatoes (Solanum tuberosum) cultivated in Niger. American Journal of

Plant Biology, 7(2), 109-115.

. Struik PC, Wiersema SG. Seed potato technology. BRILL; 2023.
. Dawinder GS, Singh A, Singh J. Effect of tuber size and intra-row

spacing on yield and quality of potato (Solanum tuberosum L.).

Biotechnology Journal International. 2020;24(2):30-4.

Chen P, Yang R, Bartels D, Dong T, Duan H. Roles of abscisic acid and

gibberellins in stem/root tuber development. Int | MoldSci. 2022;
23(9):4955

Xu X, van Lammeren AA, Vermeer E, Vreugdenhil D. The role of
gibberellin, abscisic acid, and sucrose in the regulation‘of/potato tuber

formation in vitro. Plant Physiol.1998;117(2):575-84.

review. Plants.

12.

13.

14.

15.

16.

17.

18.

19.

20,

21.

OPEN 8 ACCESS Freely available online

Firman DM, Allen EJ. Relationship between light interception,
ground cover and leaf area index in potatoes. The Journal of
Agricultural Science. 1989;113(3):355-9.

Bussan AJ, Mitchell PD, Copas ME, Drilias M]. Evaluation of the
effect of density on potato yield and tuber size distribution. Crop
science. 2007;47(6):2462-72.

Haverkort AJ, Struik PC. Yield levels of potato crops: recent
achievements and future Field Crops

2015;182:76-85.

Lommen W]J. Causes for low tuber yields of transplants from in vitro

prospects. Research.

potato plantlets of early cultivars after field planting. The Journal of
Agricultural Science. 1999;133(3):275-84.

Kumar R, Kumar P, Shah MA, Singh RK, Sharma AK, Sharma J.
Influence of planting geometries on tuber yield and profitability of
seed potatoes (Solanum tuberosum) in north-western plains of India.
Indian J. Agric. Sci. 2023;93(6):596-601.

Kushwah VS, Singh SP. Effect of intra-row spacing and date of haulm
cutting on production of small size tubers.

Lommen W]. Effects of age of in vitro-derived potato plantlets on
early above-and below-ground development after planting in different
cultivars. Potato Research. 2024;67(1):93-115.

Haisel D, Semoradova S, Pospisilové ], Synkova H. Acclimation of
plantlets to ex witro conditions: effects of air humidity, irradiance,
CO2 concentration and abscisic acid (a review). Inll International
Symposium . on  Acclimatization and  Establishment  of
Micropropagated Plants 748 2004 (pp. 29-38).

Sathi MA; Robbani M, Ali M, Mehedi MN. Acclimatization, field

performance and minituberization of tissue cultured potato cultivars.

Haverkort AJ, Kooman PL. The use of systems analysis and
modelling of growth and development in potato ideotyping under

conditions affecting yields. Euphytica. 1997;94(2):191-200.

Journal of Plant Science and Biotechnology

J. Plant Sci. Biotechnol, Vol.1 Iss.1, March (2026), pp:39-48

10


https://www.mdpi.com/2223-7747/14/17/2777
file:///C:/Users/Conve/Desktop/academia.edu/download/93993408/8-5-144-907.pdf
file:///C:/Users/Conve/Desktop/academia.edu/download/93993408/8-5-144-907.pdf
https://link.springer.com/article/10.1007/s10529-010-0290-0
https://indianjournals.com/article/pj-38-2-006
https://indianjournals.com/article/pj-38-2-006
https://www.sciencepublishinggroup.com/article/10.11648/j.ajpb.20220702.14
https://www.sciencepublishinggroup.com/article/10.11648/j.ajpb.20220702.14
https://www.sciencepublishinggroup.com/article/10.11648/j.ajpb.20220702.14
https://books.google.co.in/books?hl=en&lr=&id=lM37EAAAQBAJ&oi=fnd&pg=PA3&dq=8.%09Struik++P+C+%26+Wiersema+S+G(1999),+Seed+Potato+Technology.+Wageningen:+Wageningen+Pers,.+383+pp.+ISBN+90-74134-65-3.+Dfl+150.00.+&ots=VAIsJH4x1T&sig=UZ5sox0FPcco0f_GUQQLQEA9ZVs&redir_esc=y
https://d1wqtxts1xzle7.cloudfront.net/96528426/56485-libre.pdf?1672321810=&response-content-disposition=inline%3B+filename%3DEffect_of_Tuber_Size_and_Intra_row_Spaci.pdf&Expires=1771410753&Signature=AnbbeMV6b~YWfMBwu1FiF2xa5~Etwb5aJAImaiAj4WY~v0556-h6pkYLYrdxwlRoBwZ08h-jEFo~O1LtecJIbvZVGTh2kf0zALH24t6A3ek5s-QBa~wVQS57M8n6-rm0RZMpXybKI~K6qp6da9R1JjOhNEtR67Pn8-FEZnOUUH2WxBAEJAEzK2WHKJRcKajxxUX3YSyhSH9P41b0REFzRL0gwQ3gcXjRjzoWfic2Y2Wex9XMadoxvRXJzvYMU-dRRnZAu-dEhtb1UvuGVAC3US3CdzT8sNrXXHl0wpoQF-5qgIqTL4hacxsBUKN8zFVsZ24Wk07QtoJzmWGb7kEeIA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/96528426/56485-libre.pdf?1672321810=&response-content-disposition=inline%3B+filename%3DEffect_of_Tuber_Size_and_Intra_row_Spaci.pdf&Expires=1771410753&Signature=AnbbeMV6b~YWfMBwu1FiF2xa5~Etwb5aJAImaiAj4WY~v0556-h6pkYLYrdxwlRoBwZ08h-jEFo~O1LtecJIbvZVGTh2kf0zALH24t6A3ek5s-QBa~wVQS57M8n6-rm0RZMpXybKI~K6qp6da9R1JjOhNEtR67Pn8-FEZnOUUH2WxBAEJAEzK2WHKJRcKajxxUX3YSyhSH9P41b0REFzRL0gwQ3gcXjRjzoWfic2Y2Wex9XMadoxvRXJzvYMU-dRRnZAu-dEhtb1UvuGVAC3US3CdzT8sNrXXHl0wpoQF-5qgIqTL4hacxsBUKN8zFVsZ24Wk07QtoJzmWGb7kEeIA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.mdpi.com/1422-0067/23/9/4955
https://www.mdpi.com/1422-0067/23/9/4955
https://academic.oup.com/plphys/article-abstract/117/2/575/6085598
https://academic.oup.com/plphys/article-abstract/117/2/575/6085598
https://academic.oup.com/plphys/article-abstract/117/2/575/6085598
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/abs/relationship-between-light-interception-ground-cover-and-leaf-area-index-in-potatoes/B780C710AB14ADD95E1BFA8FF64E114C
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/abs/relationship-between-light-interception-ground-cover-and-leaf-area-index-in-potatoes/B780C710AB14ADD95E1BFA8FF64E114C
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci2007.01.0026
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci2007.01.0026
https://www.sciencedirect.com/science/article/abs/pii/S0378429015001902
https://www.sciencedirect.com/science/article/abs/pii/S0378429015001902
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/abs/causes-for-low-tuber-yields-of-transplants-from-in-vitro-potato-plantlets-of-early-cultivars-after-field-planting/CADF90738C21C06FF5341A8772E19E2D
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/abs/causes-for-low-tuber-yields-of-transplants-from-in-vitro-potato-plantlets-of-early-cultivars-after-field-planting/CADF90738C21C06FF5341A8772E19E2D
https://pdfs.semanticscholar.org/7f4f/d93019eea13c122ad289f16094d244478b44.pdf
https://pdfs.semanticscholar.org/7f4f/d93019eea13c122ad289f16094d244478b44.pdf
https://www.cabidigitallibrary.org/doi/full/10.5555/20093094030
https://www.cabidigitallibrary.org/doi/full/10.5555/20093094030
https://link.springer.com/article/10.1007/s11540-023-09621-z
https://link.springer.com/article/10.1007/s11540-023-09621-z
https://link.springer.com/article/10.1007/s11540-023-09621-z
https://www.actahort.org/books/748/748_2.htm
https://www.actahort.org/books/748/748_2.htm
https://www.actahort.org/books/748/748_2.htm
https://jagroforenviron.com/wp-content/uploads/2018/09/36.-Acclimatization-field-performance-and-minituberization-of-tissue-cultured-potato-cultivars-MA-Sathi.pdf
https://jagroforenviron.com/wp-content/uploads/2018/09/36.-Acclimatization-field-performance-and-minituberization-of-tissue-cultured-potato-cultivars-MA-Sathi.pdf
Bangladesh Bureau of Statistics (BBS). Yearbook of agricultural statistics 2024 (or Annual crop production survey
In vitro techniques for seed potato (_Solanum tuberosum_ L.) tuber production: a systematic review
https://link.springer.com/article/10.1023/A:1002965428704

	Contents
	Comparative Efficacy of Dual-Row on Bed and Hardened Single-Row Transplantation for Minituber Seed Production in Solanum tuberosum L.
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental Site and Growing Conditions
	Plant Materials
	Land Preparation and Fertilization
	Experimental Design and Treatments
	Transplantation Methods
	Climatic Conditions of the Experimental Area
	Pest and Disease Management
	Harvesting and Post-Harvest Management
	Data Collection
	Statistical Analysis

	RESULTS AND DISCUSSIONS
	Plant Establishment and Survival Percentage
	Mean Plant Height
	Mean Number of Stems per Plant
	Mean Number of Tubers per Plant
	Mean number of tubers per plant (5–10 g)
	Mean number of tubers per plant (10–20 g)
	Mean number of tubers per plant (20-30 g)
	Mean number of tubers per plant (30 g)
	% of tubers per plant (30 g)
	Mean number of tubers per kilogram
	Mean Yield (g) per Plant

	CONCLUSION
	COMPETING INTERESTS DISCLAIMER
	REFERENCES




