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Abstract

Rice transplanting with a transplanter is a cost-effective process. Due to labor
shortages during the peak time of rice transplanting, it is a promising tech-
nology in Bangladesh. However, the high-quality mat-type seedling is a pre-
requisite factor for mechanical transplanting. The experiments were con-
ducted at three different locations (Gazipur, Tangail, and Rangpur) during
the dry season (Boro)/2019-20 to determine the best seeding density for
high-quality mat-type seedlings to be prepared for mechanical rice transplan-
ters. The effects of seeding rate on seedling quality such as survival rate,
seedling strength, stem thickness of newly released boro rice varieties BRRI
dhan86, BRRI dhan89, and BRRI dhan92 were studied using four seeding
rates (130, 140, 150, 160 g/tray). Results revealed that BRRI dhan92 showed
quick seedling emergence compared to BRRI dhan89 and BRRI dhan86.
Seedling mortality was found the lowest BRRI dhan92 while the highest in
BRRI dhan86. 25 - 30 days old seedling was found suitable for mechanical
transplanting in terms of seedling mortality. Seedling height increased with
the increase in seed density. BRRI dhan92 showed the highest stem thickness
followed by BRRI dhan89 and BRRI dhan86 with seed rate 150 - 160 g per
tray. The suitable seeding rate (150 - 160 g/tray) for the studied varieties was
found better for raising mat-type seedlings suitable for mechanical trans-
planting, which could coordinate the production of larger population growth
and higher harvest index to achieve high grain yield.
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1. Introduction

Rice (Oryza sativa L.) is one of the most important cereal crops in Bangladesh
and the country’s most important staple food. The two most popular methods of
rice establishment are direct seeding and transplanting [1]. When compared to
direct-seeded rice, farmers prefer the transplanting method because it produces
higher yields and has less weed growth. However, it does necessitate a significant
amount of time and effort [2].

In Bangladesh, rice is transplanted either manually or mechanically. Farmers
in this country commonly transplant wash root rice seedlings by hand. This
process required more manual labor and time than mechanical transplantation.
Manjunatha et al [3] found that the mechanical transplanter performed satis-
factorily, requiring just three-man days per hectare compared to 33-man days
per hectare for manual transplanting. Paddy transplanting by hand took around
238-manh per hectare [4]. Moreover, farmers do not consider hill to hill distance
and maintain the plant population properly in manual. Mechanical transplant-
ing has the advantages of ensuring timely transplantation, saving time and labor,
minimizing costs, uniform spacing of plants and optimum plant density with 2 -
3 seedling per hill and less movement shock of seedlings, early seedling vigor,
and uniform crop stand [3] [5]. Transplant infant seedlings by mechanical rice
transplanter produced 9% - 14% more yield than traditional manual transplanting
in BRRI dhan28 during Boro season [6]. Considering the above facts, policymak-
ers are being forced to make a paradigm shift toward increased use of mechanical
operations in rice farming. However, raising quality mat-style nurseries in frames
or fields is a time-consuming and labor-intensive precise technique that could be
one of the biggest barriers to mechanical transplantation adoption.

Raising mat-type nurseries in frames or fields using polythene sheets necessi-
tates a great deal of labor and attention before transplanting is completed. The
transplanter’s output will be harmed if the plant population in the nursery is
unequal. The nursery mat characteristics (mat thickness, seedlings per square
meter, seedling age, base material) must be optimized based on soil type to im-
prove the transplanter’s efficiency. Cultivation techniques, nursery management,
types of variety and seeding density influence the efficiency of machine trans-
planting [7] [8] [9]. The seeding density of mat-type nursery influences the
seedling quality, plant establishment, and the percentage of missing hills during
transplanting. However, seedling quality and limitation of seeding density re-
duce the efficiency of mechanical transplanting [10] [11] [12]. Poor quality of
seedlings, high seeding density, high rate of seedlings injury, and a large number
of seedlings per hill cannot achieve the advantage of high yielding variety [13]
[14] [15]. Therefore, uniform seed distribution on the tray, uniform size of
seedling, consistent growth, and good seedling characteristics are necessary to
make suitable seedlings for different types of rice variety in mechanical trans-
planting. Previous studies have shown that uniform seedlings emergence was

observed in high seeding density compared to the low seeding density. However,
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seedling quality decreases with the increase of seeding density, root-shoot dry
weight, and root vigor exhibited a decreasing trend with the increase of seeding
density [9]. Besides, excessive seed density increases mortality although the sum
of seedlings in each tray was increased [5]. Hossen et al [16] examined the
seeding rates in three rice varieties: BR3 (short and bold grain), BRRI dhan28
(medium and slender grain), and BRRI dhan 50 (extra-long and slender grain).
They discovered that using 140 g of seeds-tray™' for BR3, 130 g of seeds-tray™' for
BRRI dhan28, and 120 g of seeds-tray™ for BRRI dhan50 can achieve desired
seedlings per hill and minimal missing hills while maintaining good quality.
Thus, seeding density is one of the most significant constraints to produce good
quality rice seedlings in a plastic tray which is linked to the characteristics of rice
varieties [7]. However, only a few studies have been conducted in the past to de-
termine the optimal seed rate for quality seedling production to reduce the per-
centage of missing hills. Therefore, it is of utmost needed to optimize the seeding
density in different newly developed popular varieties of rice for quality
mat-type seedlings production.

In light of the above, the current study was conducted to determine the impact
of seed density on seedling quality in dry-season rice (Boro season). This re-
search will be useful in determining the suitability of the most recent varieties

and seed densities for providing quality seedlings and reducing null hills.

2. Material and Methods
2.1. Plant Materials and Experimental Design

The experiments were conducted in the irrigated dry season (Boro) at three dif-
ferent locations Ze. Gazipur, Rangpur, and Tangail. The 2-factors experiment was
carried out following the Randomized Complete Block Design (RCBD) with three
replications. Newly released boro rice varieties, BRRI dhan86 (V1), BRRI dhan89
(V2), and BRRI dhan92 (V3) were used in these experiments as main factors.
Four different seed density 130 g (SR1), 140 g (SR2), 150 g (SR3), and 160 g (SR4)
were used as a sub-factor for growing on the tray. Sprouting seeds were sown on
the 8" of December in Gazipur, the 10™ in Rangpur, and the 6™ in Tangail.

2.2. Seedling Preparation and Management

Sun-dried seeds were cleaned to remove impurities and immersed into the water
before incubation to remove unfilled grain and other impurities. To protect
seedlings from seed-borne diseases Atostin (ie. Carbendazim) powder mixed
water treat was used. Seed germination percentage was checked (>95%). Healthy
seeds were picked by a specific gravity method. The pre-soaked seeds were
weighed according to treatment, soaked in water overnight before sowing, and
the partially sprouted seedling trays were put in the wet nursery two days after
incubation. The native soil was collected in the field and sieved to extract stones,
dirt, and weed seeds using a 2 mm mesh sieve. Water was supplied regularly

considering soil condition. The trays were open from 8 AM to 5 PM and the rest
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of the time covered by a transparent polythene sheet to retain solar radiation and

helped to increase the inside air temperature during a cold spell.

2.3. Data Collection

The agronomic characteristics of seedling emergence per unit area, seedling
height, number of leaves, leaf length (Only the 1* leaf length was measured un-
der this study), and stem length were counted every five days (5 to 30 days) after
seeds spreading on the trays. The metal box having 400 square mm area was
placed in three places in each tray to determine the seedling emergence, seedling
mortality, and seedling density. Vernier caliper was used to measure stem thick-
ness of 30 days old seedling. The shoot length was measured from the base to the
tip of the topmost leaf and expressed in millimeters after ten seedlings were
randomly selected by hand from each treatment combination. The roots were
separated from the shoot using scissors. Collected roots and shoots were dried in
a hot air circulating oven at 70°C for 72 h. Seedling strength was measured dry
weight of shoots in mg to the length of shoots per 10 mm. Dry matter of roots
and shoots of seedlings was measured by using the precision balance in milli-
grams. The ratio of the root-shoot length of seedlings was also calculated from
oven-dried samples. Day and night air temperatures have been recorded in all
locations. The temperature of the three study locations was presented in Figure
1. Temperatures inside and outside of the polythene cover were recorded six

times per day and night.
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Figure 1. The temperature profile of the study areas during the study period.
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2.4. Data Analysis

Data were organized and formatted in MS Excel software (MS Office 2013).
ANOVA and mean comparison were done following Gomez and Gomez [17]
utilizing Crop Stat 7.2 software [18]. The least significant difference (LSD) test
was used to compare the means using the Statistix 10 program (Statistix 10 soft-
ware, 2013).

3. Results

3.1. Seedling Emergence

Table 1 showed the influence of seed density and variety on seedling emergence
(%) in three different locations. According to statistical analysis of data, seed rate
and variety had a significant impact on seedling emergence (%), as did seeding
and variety interaction. It was found that seedling emergence increased linearly
with time up to 25 days after sowing in all rice varieties and seed rates. However,
seedling mortality of all varieties started within 25 - 30 days after seeding. Seedl-
ing mortality of BRRI dhan86 was highest in Rangpur and Tangail locations.

According to Table 1, more than 50% seedling emergence after 5 days in all
rice verities as well as seed rates where BRRI dhan92 displayed highest (75%).
Seed density of 150 to 160 g exhibited the highest number of seedlings emer-
gence in the tray growing seedling. BRRI dhan92 exhibited the highest seedling
emergence and seedling survival followed by BRRI dhan89 and BRRI dhan86.
BRRI dhan86 always showed late and low emergence.

Table 1. Seedling emergence (%) in BRRI dhan86, BRRI dhan89, and BRRI dhan92 with different seed densities (g/tray) at three

different locations.

Gazipur Rangpur Tangail
Treatment Day after sowing Day after sowing Day after sowing
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
Seed rate (per tray)
130 g 68.4 76.2 80.6 81.3 81.7 684 719 733 751 763 76.7 753 264 52.7 68.2 746 74.1 717
140 g 65.2 78.5 81.6 80.4 813 652 69.7 70.8 749 79.2 79.6 77.2 30.9 53.1 66.8 729 712 67.7
150 g 66.7 81.2 87.4 874 889 66.7 91.3 91.5 93.1 89.2 887 854 29.1 532 66.1 763 73.3 70.0
160 g 67.5 81.2 86.8 86.0 86.8 67.5 65.6 66.6 741 756 77.6 763 29.6 484 619 699 67.7 64.8
LSDo.os NS 41 32 37 34 61 213 21.1 185 151 NS NS 37 42 34 19 33 33
Variety
BRRI dhan86 56.6 704 77.5 76.6 77.9 56.6 61.9 60.8 66.8 70.4 72.5 709 242 47.4 60.0 70.2 69.1 66.2
BRRI dhang9 69.2 82.1 87.7 88.0 89.2 69.2 756 77.1 79.8 79.5 79.9 783 30.1 519 66.2 73.6 71.2 68.2
BRRI dhan92 75.0 854 87.0 86.7 86.9 75.0 86.4 887 914 90.3 89.6 86.8 32.7 56.2 709 764 744 71.2
LSDo.os 53 36 37 32 29 53 184 183 160 130 125 11.8 32 36 29 32 28 28
Interactions LSDoos 10.6 7.1 6.32 6.4 59 106 369 36.6 32.0 26.1 250 236 63 72 59 64 57 57
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3.2. Seedling Height

Table 2 displayed the seedling height (mm) in BRRI dhan86, BRRI dhan89, and
BRRI dhan92 with different seed densities (g/tray) at different three locations.
The combined effect of variety and seed rate, as well as the single effect, had a
significant effect on seedling height. It was found that the seedling height is in-
creased progressively with time in all the rice varieties. Seed density of 150 to 160
g per tray exhibited the tallest seedling at Gazipur followed by Rangpur and
Tangail. Moreover, BRRI dhan92 attained the highest seedling height at 30 DAS
followed by BRRI dhan86 and BRRI dhan89.

3.3. Leaf Number

Table 3 shows the seedling leaf number in BRRI dhan86, BRRI dhan89, and
BRRI dhan92 with different seed densities (g/tray) at different three locations. In
terms of seedling leaf number, both the combined and single effects of seed rate
and variety were insignificant. In all the rice types, the number of leaves was in-
creased over time. In this study, each variety attained 3 leaves at 20 DAS and 4 to
5 leaves at 25 to 30 DAS.

3.4. Seedling Stem Thickness

Stem thickness in BRRI dhan86, BRRI dhan89, and BRRI dhan92 at three different
locations with different seed densities (g/tray) are presented in Table 4. The

Table 2. Seedling height (mm) in BRRI dhan86, BRRI dhan89, and BRRI dhan92 with different seed densities (g/tray) at different

three locations.

Gazipur Rangpur Tangail
Treatment Day after sowing Day after sowing Day after sowing
10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
Seed rate (per tray)
130 g 30.1 534 653 762 879 410 564 715 774 859 246 378 502 638 759
140 g 315 56,5 671 790 91.8 41.7 574 747 829 884 239 36.7 480 624 759
150 g 332 575 71.8 815 924 422 576 767 828 894 233 36.7 488 632 764
160 g 335 595 705 819 938 402 546 724 80.0 886 22.1 36.0 479 624 748
LSDo.os 3.1 3.8 3.5 3.6 4.2 NS 2.2 2.3 2.6 2.9 1.1 1.2 1.5 1.8 1.8
Variety
BRRI dhan86 29.0 590 703 809 929 393 581 757 819 925 232 36.1 479 602 726
BRRI dhan89 289 496 623 736 845 392 531 699 77.0 838 240 363 474 61.1 742
BRRI dhan92 382 614 735 844 97.0 453 582 758 834 880 231 379 509 67.5 80.5
LSDo.os 2.7 33 3.0 3.1 3.7 2.2 1.9 2.0 2.3 2.5 NS 1.1 1.3 1.6 1.6
Interactions LSDoos 5.4 6.5 6.0 6.2 7.3 4.5 3.8 4.0 4.6 5.0 1.8 2.2 2.6 3.2 3.1
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Table 3. Number of leaves in BRRI dhan86, BRRI dhan89, and BRRI dhan92 with different seed densities (g/tray) at different
three locations.

Gazipur Rangpur Tangail

Treatment Day after sowing Day after sowing Day after sowing

10 15 20 25 30 10 15 20 25 30 10 15 20 25 30

Seed rate (per tray)

130 g 1.19 2.07 299 4.00 500 158 2.08 286 4.00 5.00 1.00 200 3.00 400 5.00

140 g 1.17 2.05 296 4.00 5.00 1.64 217 289 4.00 5.00 1.00 200 3.00 4.00 5.00

150 g 1.14 2.03 297 4.00 500 153 222 292 4.00 500 1.00 200 300 400 5.00

160 g 127 202 299 400 500 158 214 292 400 500 1.00 200 3.00 4.00 5.00
LSDo.os 005 003 NS NS NS NS NS NS NS NS NS NS NS NS NS
Variety

BRRI dhan86 1.25 211 3.00 4.00 500 154 213 290 4.00 500 120 200 3.00 4.00 5.00
BRRI dhan89 1.11  2.00 294 4.00 500 158 2.08 285 4.00 500 140 200 3.00 4.00 5.00
BRRI dhan92 122 2.02 299 400 500 163 225 294 4.00 500 1.10 200 3.00 4.00 5.00

LSDo.0s 0.04 0.03 003 NS NS NS 012 NS NS NS NS NS NS NS NS

Interactions LSDoos 0.08 0.06 0.05 NS NS NS 014 NS NS NS NS NS NS NS NS

Table 4. Seedling stem thickness (mm) in BRRI dhan86, BRRI dhan89, and BRRI dhan92
with different seed densities (g/tray) at different three locations.

Treatment Gazipur Rangpur Tangail

Seed rate (per tray)

130 g 1.48 1.75 1.33

140 g 1.49 1.69 1.39

150 g 1.44 1.64 1.38

160 g 1.44 1.67 1.38

LSDo.os 0.20 0.77 NS
Variety

BRRI dhan86 1.48 1.70 1.32

BRRI dhan89 1.46 1.72 1.36

BRRI dhan92 1.45 1.65 1.42

LSDo.os 0.18 NS 0.46

Interactions LSDo.os 0.35 1.55 0.93

thickness of the stem varies according to the variety, seed rate, and location. Va-
riety and seed rate had significant effects on the stem thickness of the raised

seedlings.
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According to Table 4, the Rangpur location had the thickest stems, followed
by Gazipur and Tangail. The stem thickness of BRRI dhan89 seedlings was
found to be higher than the other two varieties at all seed rates except for Tan-
gail. Irrespective of the seed rate, the highest stem thickness (1.64 - 1.75 mm)
was observed in Rangpur, followed by Gazipur (1.44 - 1.49 mm). In the Gazi-
pur location, the highest stem thickness (1.49 mm) was found in the seed rate
of 130 and 140 g followed by a seed rate of 150 and 160 g. The highest stem
thickness (1.75 mm) was found in the seed rate of 130 g in Rangpur followed
by stem thickness (1.63 mm) in the seed rate of 150 g. However, stem thickness
was very low in all seed rates at the Tangail site. Stem thickness decreased as

the seed rate increased.

3.5. Seedling Strength

The strength of seedlings was measured in milligrams per millimeter squared
of shoot dry weight. Table 5 shows the seedling strength in BRRI dhan86,
BRRI dhan89, and BRRI dhan92 at three different locations with different seed
densities (g/tray). Seedling strength varies according to variety, seed rate, and
location. The seedling strength was significantly affected by the variety while
insignificant with the seed rate. Seedling strength was strongest in BRRI
dhan89, followed by BRRI dhan86 and BRRI dhan92. In the Rangpur loca-
tions, the varieties had the stronger seedling strength compared to other re-
gions. Considering the seeding density, 160 g per tray developed the strongest

seedlings.

Table 5. Seedling strength (mg/mm) in BRRI dhan86, BRRI dhan89, and BRRI dhan92
with different seed densities (g/tray) at different three locations.

Treatment Gazipur Rangpur Tangail

Seed rate (per tray)

130 g 1.48 1.75 1.33

140 g 1.49 1.69 1.39

150 g 1.44 1.64 1.38

160 g 1.44 1.67 1.38

LSDo.s 0.20 0.77 NS
Variety

BRRI dhan86 1.48 1.70 1.32

BRRI dhan89 1.46 1.72 1.36

BRRI dhan92 1.45 1.65 1.42

LSDo.os 0.18 NS 0.46

Interactions LSDo.os 0.35 1.55 0.93
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4. Discussions

Rice yield increase was linked with hill density, the number of effective tillers per
hill and the number of spikelets per panicle [19]. However, the effectiveness of a
rice transplanter is determined by the quality of the seedlings. Seedling density
in the seedling tray influences seedling quality [20]. An optimal seeding density
is essential to establish a sufficient plant population [21]. Seedling density on a
tray is determined by seed rate, germination percentage, and seedling survival
rate [5]. In the present study, seed density of 150 to 160 g per tray exhibited the
highest number of seedlings emergence. Hisashi et a/, [22] reported that seed
density for tray-type seedlings ought to be 130 to 150 g per tray to obtain 3 to 5
seedlings per hill. Hossen et al [16] reported seedling emergence decreased with
the increase of seed density from 100 to 160 g in each tray. They also found that
the number of seedlings increased, and the percentage of null hills decreased
with the increase of seed density for the rice transplanter which was nearly simi-
lar to this study. Moreover, cold tolerance characteristics of a variety at the ger-
mination and seed emergence stage are essential to obtain optimum plant popu-
lation. BRRI dhan92 exhibited the highest seedling emergence and seedling sur-
vival followed by BRRI dhan89 and BRRI dhan86. BRRI dhan86 always showed
late and low emergence. It might be due to susceptibility to cold. Cold stress and
low temperature affected the seedling mortality in Boro paddy production [23].
In this study, seedling mortality of all varieties started within 25 - 30 days after
seeding. Seedling mortality of BRRI dhan86 was highest in Rangpur and Tangail
locations. It might be due to the low-temperature effect in these two locations
(Figure 1). Dixit et al [4] reported that seedlings with 20 to 30 days old were
observed most appropriate for mechanical transplanting. Therefore, the
mat-type seedlings of BRRI dhan86, BRRI dhan89 and BRRI dhan92 should be
mechanically transplanted within 25 - 30 days.

Furthermore, an appropriate seedling height, number of leaves during trans-
planting, and stem thickness are also important criteria for quality transplanting,
as are suppressed plants under the soil, picker missing, floating hills, and me-
chanical damage hills. Islam [5] mentioned that seedling height is one of the
major criteria in mechanical transplanting and the lowest seedling height in-
creased the buried hill. The author also mentioned that seedling height should be
more than 80 mm in the Boro season. However, other studies reported that 120
to 150 mm seedling height with 3 leaves stage is suitable for mechanized trans-
planting [3]. In this study, the seedling height of BRRI dhan92 satisfied the re-
quirement of mechanical transplanting in all locations. BRRI dhan86 and BRRI
dhan89 could not attain the desirable seedling height (less than 80 mm) for me-
chanical transplanting in the Tangail location. In Tangail, the seedling height of
all the variety retarded, it might be due to cold stress. The minimum tempera-
ture in Tangail during the study period was less than 15°C. This low temperature
might be influenced the germination rate and vegetative growth of the seedling.

Seedling height having less than 80 mm increased the buried hill during me-
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chanical transplanting. In that situation, care should be taken to prepare land
preparation and maintain the depth of mud. On the other hand, the depth of
placement should be adjusted in the lowest position in the mechanical trans-
planter. Seed rate showed a significant effect on seedling height. In this study,
seed density of 150 to 160 g per tray exhibited the tallest seedling at Gazipur fol-
lowed by Rangpur and Tangail. Our study suggested that seed rate showed a sig-
nificant effect on seedling height. However, Hossen ef al [16] found that the 130
g seed rate gave the highest seedling height (112 mm). It may be depending on
variety and location as well.

Leaf number is another factor indicating the physiological age of seedlings to
transplant in the field. Rice variety and seed density discovered an insignificant
impact on the leaf number of seedlings. The number of leaves and number of
tillers has been not considerably stimulated with the aid of using distinct seeding
density [23]. In this study, each variety attained 3 leaves at 20 DAS and 4 to 5
leaves at 25 to 30 DAS. Poornima et al. [24] recommended that seedlings having
4 to 5 leaves suitable for mechanical transplanting to the field.

Stem thickness is an important trait of seedlings in mechanical transplanting.
Stem thickness regulated the number of seedlings dispensed in each stroke.
Thick stem reduced the number of seedlings dispensed in each stroke. However,
the picker can shred the skinny stem during picking. BRRI dhan86 showed the
highest stem thickness (1.50 mm) in the Gazipur location followed by BRRI
dhan89 (1.50 mm). BRRI dhan89 showed the highest stem thickness (1.72 mm)
in Rangpur followed by BRRI dhan86 (1.70 mm). BRRI dhan92 exhibited the
highest stem thickness (1.42 mm) in the Tangail location followed by BRRI
dhan89 (1.36 mm). BRRI dhan89 showed the highest stem thickness among all
the locations. Every variety exhibited the highest stem thickness of 1.60 - 1.70
mm in the Rangpur location followed by 1.40 - 1.50 mm in the Gazipur location.
Shahed et al [25] reported that stem thickness and strength varied with seedling
growing media, soil fertility, ambient temperature, etc. The study revealed that
stem thickness decreased as the seed rate increased. This statement coincides
with the findings of Hossen et al [16]. They observed that BRRI dhan28 with
100 and 120 g per tray seed density contributed considerably better stem thick-
ness over different varieties and seed density. Variety having high seedling
strength can protect seedling damage during picking the seedlings in mechanical
transplanting. The variety had a significant impact on seedling strength, while
seed rate did not affect. BRRI dhan89 had the highest seedling strength, followed
by BRRI dhan86 and BRRI dhan92. In comparison to other regions, the varieties
in Rangpur had the strongest seedling strength due to soil fertility, ambient

temperature.

5. Conclusion

Seedling emergence, seedling age, height, leaf number, seedling stem thickness,

and seedling strength are all important factors to be considered when using a
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rice transplanter on a large scale. The seedling quality is varied with variety, seed
rate, and locations. BRRI dhan92 and BRRI dhan89 are more suitable for ma-
chine transplanting in the Boro season under 150 to 160 g per tray seed rate. In
Boro season, the seedling age should be within 25 - 30 days in the tray-growing
seedling to reduce the seedling mortality. The study’s findings could be widely
disseminated among farmers to improve the quality of mat type seedlings for bet-
ter mechanical rice transplanter performance, which would result in higher rice
yields. However, these findings may be variety specific, and further research is re-

quired to validate the findings for other, commonly used varieties in these areas.
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