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Abstract: Major constraint of growing rice in south central coastal region of Bangladesh is the tidal submergence of land
and crops. Indigenous rice is generally grown in tidal floodplain harvesting poor yield. Transplanting seedlings of optimum age
on appropriate date may potentially increase rice yield. We carried out on-farm trials for evaluating growth and yield
performance of two indigenous rice varieties (Sadamota and Lalmota) and a high yielding variety (BRRI dhan 44) in response
to variable seedling age and transplanting dates for two years. In the first year, 45 d and 60 d old seedlings of Sadamota were
transplanted on a single date either in rows at 40 cm x 40 spacing or following farmers’ traditional practice of random
transplanting. The second year’s trial compared the performance of one indigenous variety Lalmota and one modern variety
BRRI dhan 44. Two age groups (45 d and 60 d) of seedlings of Lalmota and single age group (45 d) of BRRI dhan 44 were
transplanted on two different dates (August 8 and August 24). First year’s trial results indicated that irrespective of seedling
age, transplanting in rows produced higher yield compared with farmers’ traditional practice. In the second year’s trial, late
transplanting of 45 d old seedlings of both the varieties gave higher yield compared with early transplanting. BRRI dhan 44
produced significantly higher yield than Lalmota. Late transplanting of 60 d old seedlings of Lalmota produced higher yield
than transplanting younger seedlings. Lower yield of earlier planted rice was associated with greater hill mortality and seedling
damage, and production of relatively lesser number of tillers and panicles. For increasing yield in tidal floodplain, late planting
(late August) with 60 d old seedlings of indigenous varieties in rows (40 cm x 40 cm) has been suggested.

Keywords: Grain Weight, Indigenous Rice Varieties, Planting Date, Seedling Age, Seedling Characters, Spikelets,
Tidal Floodplain, Tillers, Transplanting Method

countries. In terms of area and production, Bangladesh ranks
fourth among the rice producing countries after China, India
and Indonesia. Bangladesh produces nearly 35 million tons
of rice annually. Farmers of Bangladesh grow rice in three
seasons — aus, aman and boro. Until recently, aman rice
ranked first in area and production. Currently, boro rice takes
the lead. High yielding varieties (HYVs) and hybrids are

1. Introduction

Rice (Oryza sativa L.) is one of the most important cereal
crops and a major food source for more than half of the world
population. Globally rice is planted to over 160 million ha
producing about 478 million tons of grains annually [1].
About 90% of global rice production comes from Asian
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planted in boro season. Also in aman season, HYVs and
hybrids dominate but indigenous varieties and landraces are
still being grown. There has been a massive expansion of
irrigation infrastructure in the country during the past four
decades that accelerated areas and productivity of high
yielding rice varieties. However, in certain unfavorable
ecologies farmers could not harness the benefit of HY Vs.
Generally indigenous varieties of rice are grown under
rainfed condition in these unfavorable ecosystems. To feed
the growing population the country has to increase rice
production to the extent of 50% by 2025. Major challenge of
increasing production is the shrinking of cropped land due to
diversion of prime lands for urbanization, industrialization
and infrastructure development. Given the land scarcity, the
increased production must come from increasing yield per
unit area in order to meet the growing demand. Yield of
modern rice apparently seems to have attained plateau and
breaking the yield ceiling is not in the offing. It is therefore
imperative that unless a major breakthrough in breaking the
yield ceiling occurs, productivity enhancement should be
searched in the unfavorable ecosystems where modern
varieties have not yet been introduced. Production increase in
the unfavorable ecosystems can be done either by expanding
production of high HYVs or by increasing yield of
indigenous varieties through improving agronomic practices.
Two unfavorable ecosystems- tidal floodplain of southern
coastal districts and uplands in the Chittagong Hill Tracts
together constitute over 30% of total ricelands of Bangladesh.
The tidal floodplain lies generally approximately below 24°30’
North latitude covering about 2.55 million ha which is about
76 percent of the total area of the greater five coastal districts
[2] and 30% of country’s total cropland. Average elevation of
the region is <1.0 msl. Located in the head of Bay of Bengal,
tidal floodplain in south central coastal districts is a low-lying
deltaic environment that is highly vulnerable to sea level rise
[3, 4]. Cropping intensity in the southern delta region is among
the lowest [5]. Topographical position and hydrological
conditions present problems in growing short statured HY Vs
of rice in the tidal flood plain. High tides and low tides occur
alternatively two times a day. At the time of the new or full
moon the sun, moon, and Earth are in alignment creating extra-
high tides called spring tides. One week later, when the sun
and moon are at right angles to each other, the solar tide
partially cancels out the lunar tide and produces moderate tides
known as neap tides. During each lunar month, two sets of
spring tides and two sets of neap tides occur [6]. Because of
proximity to the sea and a number of large rivers flowing
down, land remains inundated for 4-6 months during rainy
season and mostly indigenous varieties are adapted. The yield
potential of the indigenous varieties is generally low [7, 8].
Natural hazards and low production potentiality of indigenous
rice contribute to low yield in aman season. Research prior to
mid-sixties of last century was limited to adoption of
traditional varieties and development of manurial practices [9].
During the past several decades, rice research in Bangladesh
concentrated on high yielding modern varieties. But exploring
yield potential or agronomic management for increasing yield

of indigenous rice varieties received little research attention.
Recent research results indicate high yield potential of
indigenous rice varieties and landraces [10, 11]. Grain yield of
indigenous rice can also be increased adopting better
agronomic management practices [12, 13].

Seedling age at transplanting, method and date of
transplanting are important factors contributing plant growth
and grain yield [14, 15]. Transplanting over-aged seedlings
reduces the number of tillers and panicles per hill [16] and
the number of total spikelets per unit area [17]. The benefits
of transplanting younger seedlings in flood free environment
with assured irrigation have been extensively reported [18,
19]. In SRI method, for example, transplanting of 8-14 d old
seedlings increases number of tillers and panicles per hill.
However, research aiming at generating agronomic practices
for improving yield of indigenous rice varieties and landraces
grown in tidal floodplain ecosystem is rather inadequate.
Tidal flood causing submergence, seedling damage and tiller
mortality during wet season is a common phenomenon in
tidal floodplain. High tide coupled with high rainfall leads to
partial or total submergence of rice plants. In many cases,
young rice seedlings are too small to escape by means of
underwater leaf elongation and cannot successfully develop a
canopy above the water surface. Therefore, wetland rice
culture in tidal floodplain requires longer seedlings that can
survive variable water depths in the crop establishment
phase, particularly immediately after transplanting. Farmers
in south-central coastal region of Bangladesh use 60-90 d old
seedlings of traditional rice varieties [20]. As the seedling age
increases, higher levels of soluble sugar and starch are
accumulated that contribute to better survival under tidal
flood condition [21]. Seedling age is an important factor
affecting the number of filled grains per panicle, the panicle
length, the 1000-grain weight, and grain yield of rice [22].

Farmers in low lying areas are often forced to delay
transplanting aman rice due to repeated cycles of high tides
of variable depths damaging seedlings and prohibiting timely
transplanting. Seedling damage and tiller mortality can be
reduced shifting the transplanting date provided that rice
plant gets sufficient time to develop tillers and accumulate
photosynthates during pre-heading stage. Adverse effect of
delaying seedling transplanting and consequential grain yield
reduction in rice has been widely reported. Sanchez and
Larrea [23] reported varietal difference in the response of rice
to transplanting date. Delay in transplanting significantly
reduced the number of effective tillers and grain yield which
was attributed to poor tiller formation [24]. Generally
modern varieties are more sensitive to planting date with
severe yield reduction with delayed transplanting while the
traditional varieties remain either insensitive or less sensitive
to the variation in transplanting dates. Transplanting earlier
than optimum prolongs growth duration with extended lag-
vegetative phase. Lodging of long duration traditional
varieties causes yield reduction. Lodging can be avoided
reducing plant height by delaying transplanting date [24, 25].

This paper reports the influence of seedling age and
transplanting date on the yield of modern and indigenous
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varieties of aman rice in tidal floodplain ecosystem of
Bangladesh.

2. Materials and Methods

2.1. Description of Experimental Sites

Participatory on-farm trials were conducted in two villages
of Jhalakati district for two consecutive aman seasons, 2011-12
and 2012-13. Two villages — North Uttampur (22°33.057° N
latitude 90°9.704’E longitude) in Rajapur upazila, and
Kistakathi (22°36.163” N latitude and 90°9.899’E longitude) in
Jhalakati sadar upazila representing tidal floodplain ecosystem
were selected for conducting the trial. Details of the
experimental sites have been given elsewhere [26]. Six farmers
from each of two villages participated in running the trials.
Each farmer had devoted a plot of at least 0.134 ha for growing
experimental crop. Plots in Kistakati are in close proximity of
the two rivers Biskhali and Dhanshiri on both sides and
connected by canals. Plots in North Uttampur are closed to the
river Jangalia on the west and also not far from the river
Bishkhali on the east. The distance between the two rivers at
this site is nearly 1.0 km. All the trial plots were subject to
inundation due to diurnal flooding during high tides at least a
week around the lunar events- full moon and new moon.

2.2. Experimental Treatments

The first year’s study considered the effects of seedling
age and planting method on the performance of a single
indigenous variety Sadamota. Rice seeds (cv. Sadamota) had
been planted in the seedbed on two different dates so that
seedlings of two variable age groups (40 d and 60 d) could be
transplanted on the same date. Farmers’ traditional practice of
random transplanting handful of seedlings, and transplanting
of seedlings in rows, 40 cm apart were the treatment
variables. In row planting, 7 seedlings per hill were
transplanted [10]. Twelve farmers were considered as
replication. Because of near homogeneity of experimental
sites in tidal flooding, geographical locations and proximity
to rivers, locations were not considered an experimental
variable. The two-factor experiment was set up in a
randomized block design.

In the second year, two diversified rice varieties — BRRI
dhan 44 and Lalmota were used in the experiment. BRRI
dhan 44 is a medium-tall, modern variety and Lalmota is a
tall, indigenous cultivar popularly grown in the tidal
floodplain over generations. Seedlings of two varieties were
planted in seedbed in two different dates in order to obtain
seedlings of two age groups for planting on same dates. 45 d
and 60 d old seedlings of Lalmota and 45 d old seedlings of
BRRI dhan 44 were transplanted at two different times at 16
d interval- August 8 and August 24. Modern variety BRRI
dhan 44 was planted with 2 seedlings per hill at 25 cm x 15
cm spacing giving 27 hills per m™>. In contrast, seedlings of
indigenous variety Lalmota were sparsely planted at 40 cm x
40 cm, 7 seedlings per hill giving 6.25 hills m>

In both the years, seedlings were transplanted during low

tides when tidal water level was too low to inundate
experimental plots but the crop or plots were submerged
during high tides. In both the years, tidal flooding partially or
fully inundated the crop; but the extent and duration of
flooding varied. The trial was set up in a split-split plot
design accommodating planting date in the main plot, variety
in the sub-plot and seedling age in the sub-sub-plot with 12
replications. Sowing seeds and seedling transplanting dates
for each age group of seedlings are presented in Table 1.

Table 1. Dates of sowing seeds in seedbed and transplanting seedlings in
experimental plots.

Seedling age transplanting date seed sowing date
45 August 8 June 27

45 August 24 July 9

60 August 8 June 8

60 August 24 June 24

2.3. Collection of Data

BRRI dhan 44 and Lalmota matured at two different dates.
BRRI dhan was harvested about one month earlier than
Lalmota. An area of 5m x 2m from the central part of each
plot was demarcated for determining grain yield and yield
attributes. Instead of determining seedling survival rate we
recorded the number of hills survived the tidal submergence
counting hills of 10 m’ yield area at harvest. Grain yield of
the demarcated area was determined cutting and threshing the
panicles. Yield was adjusted at 13% grain moisture content.
At harvest, ten hills selected from each plot at random from
beyond the area for yield determination and avoiding border
effect were harvested cutting at the base and plant height, the
number of tillers per hill, effective and non-effective tillers
per hill, number of total tillers per hill, spikelets per panicle
and filled spikelets per panicle were determined. 1000-grain
weight was recorded taking sub-samples from the yield area.

2.4. Analysis of Data

Experiments conducted in two seasons had different sets of
treatment structures and hence direct comparison of two years’
results could not be made. Because of different treatment
structures with variable planting materials, we analyzed data of
two experiments separately. The first year’s experiment involved
a single variety with two factors — seedling age and planting
method each having two levels of treatments. Data were
subjected to analysis of variance and means compared using
LSD test at P<0.05 level of significance. In the second year of
experimentation, only 45 d old seedlings of modern variety
BRRI dhan 44 were transplanted on August 8 and August 24,
2012 and for indigenous variety Lalmota, 45 and 60 d old
seedlings were transplanted each at two different dates.
Seedlings of one indigenous variety (Lalmota) and one modern
variety (BRRI dhan 44) were transplanted at two different dates-
August 8 and August 24. Two age groups (45 d and 60 d) of
seedlings of Lalmota were used while only 45 d old seedlings of
BRRI dhan 44 were used assuming that transplanting older
seedlings of modern variety would not produce satisfactory
yield. Thus the experiment was conducted seeking no



51

comparison of yield performance of modern variety BRRI dhan
44 using seedlings of two variable age groups. The experimental
design, however, allowed us compare the performance of early
and late planted BRRI dhan 44 and Lalmota with 45 d old
seedlings. On the other hand, intra-varietal comparison of early
and late planted Lalmota could be possible planting 45 d and 60
d old seedlings at two variable dates.

Data pertaining to plant characters, yield and yield attributes
were subjected to statistical analysis and means compared
employing LSD test at P<(.05 level of significance.

3. Results and Discussion
Experiment 1
3.1. Effect of Seedling Age

Both seedling age and planting method influenced growth
of rice plant and production of grain yield. The effect of
interaction between seedling age and transplanting method

Abdul Hamid ef al.: Improving Rice Yield in Tidal Floodplain: Optimizing Seedling Age and Transplanting Date

on plant characters or grain yield was not statistically
significant. Transplanting of 60 d old seedlings gave better
stand establishment showing significantly larger number of
hills per unit area (Table 2). Density of hills per unit area is
an important trait that eventually produces tillers per unit
area. Larger number of tillers per unit area generally results
in larger number of panicles to give higher yield, although
the rice plant usually produces lesser number of panicles than
the plant develops tillers [22]. In the present study, compared
with transplanting 60 d old seedlings, 40 d old seedlings
tended to produce more number of total tillers per hill but the
difference was not statistically significant. On the contrary,
transplanting 60 d old seedlings produced more effective
tillers giving more panicles per unit area than 40 d old
seedling transplanting. Larger number of panicles per unit
area in the case of 60 d old seedling transplanting was
associated with larger number of hills per unit area. It is
probable that relatively older seedlings could better tolerate
repeated tidal flooding after transplanting.

Table 2. Effect of seedling age and transplanting method on plant characters of rice, cv. Lalmota. 2011-2012 season.

Treatments e o Number , i::?;ltl " Number olf Effective ) Non-effectlive Number ;)f Number of , ::;I;tcl:e
Seedling age (d) of hills m" tillers hill" tillers hill" tillers hill tillers m" panicles m”

ng method (cm) (cm)
40 FP 498 134 26.94 23.17 3.8 161 145 24.1
40 RP 5.98 140 23.33 19.50 3.8 168 156 229
60 FP 6.12 138 21.56 17.67 3.9 163 149 24.6
60 RP 6.74 139 26.27 21.73 4.5 174 159 23.2
LSDy s for seedling age 0.83 ns 1.34 2.16 ns 3.64 38 ns
LSDy s for method 0.78 ns ns ns ns 5.08 54 ns

FP — farmers’ practice of transplanting at random; RP- transplanting in row at 40 cm x 40 cm.

Table 3 shows grain yield and yield attributes of indigenous
rice variety Sadamota as influenced by seedling age and
planting method. Grain yield varied significantly across
treatments. Averaged over planting methods, yield varied
between 3,093 kg per ha and 3,519 kg per ha between two
seedling age treatments. Transplanting 60 d old seedlings
increased grain yield by 11.4% compared to planting 40 d old
seedlings. Difference in grain yield between seedling age
treatments was small but highly significant. Higher yield in
transplanting 60 d old seedlings was associated with larger
number of spikelets per panicle, total grains per hill and higher
percentage of grain filling. Our results are in contrast with
Ginigaddara and Ranamukhaarac [22] who obtained higher
yield of rice by transplanting younger seedlings (9-12 d old)

which was attributed to larger number of tiller production and
greater ripening percentage. Working with irrigated rice under
favorable ecosystems, many other workers [eg., 18, 27, 28, 29]
also suggested transplanting younger seedlings for minimizing
transplanting shock, increasing productive tillers, number of
spikelets and grain filling percentage. Contrasting results in
our study might be explained from the difference in ecological
conditions and varietal response to tidal flooding. Repeated
tidal floods of varying depths and duration caused physical
damage to the rice seedlings [30] after transplanting. Our
results are in agreement with that of Gill and Shahi [31] who
demonstrated yield advantage of transplanting 60 d old
seedlings over younger seedlings.

Table 3. Seedling age and planting method effects on grain yield and attributes of yield, variety Lalmota. 2011-2012 season.

Treatments e et Spikelet's F illed' spikelets Unﬁll'ed spikelets Total‘grains Gr'ain 1000-grain Grain yield
Seedling age (d) s ] per panicle  per hill per hill per hill filling %  wt. (g) (kg per ha)
40 FP 65.38 1282.3 207.5 1674.2 87.4 30.03 2,990

40 RP 69.98 1466.7 137.4 1419.7 89.8 30.28 3,195

60 FP 79.10 1102.3 122.0 1224.3 90.0 30.85 3,340

60 RP 89.32 1810.7 173.9 1984.5 91.3 31.50 3,698

for seedling age 8.63 88.53 45.09 94.66 0.12 ns 288

for methods 3.77 211.91 ns 60.50 0.17 ns 113

FP — farmers’ practice of transplanting at random; RP- transplanting in row at 40 cm x 40 cm.
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3.2. Effect of Transplanting Method

Table 2 shows the influence of seedling age and planting
method on agronomic characters of rice. Differences in yield
related plant characters between traditional farmers' practice
and transplanting in rows were rather small. Number of hills
per unit area was significantly higher (6.36 per m?) in row
planting than in farmers’ practice of random transplanting
(5.55 per m%). Number of tillers, effective tillers and non-
effective tillers per hill did not differ significantly between
the two planting methods. But the number of tillers and
number of panicles per unit area was significantly higher in
row planting. Such a variation was primarily due to greater
number of hills retained in row-planted crop. Greater hill
density in row-transplanted crop (Table 2) resulted in larger
number of tillers per unit area despite uniformity in
producing tillers per hill.

Grain yield varied between 2,990 kg per ha and 3,698 kg
per ha across seedling age and planting method treatments
(Table 3). Transplanting in rows markedly increased grain
yield compared with random transplanting. The overall grain

yield increase in row transplanted crop was nearly 11%. The
number of total grains per hill was more in row planted crop
than randomly planted ones which was associated with
greater number of spikelets and filled spikelets per panicle
produced in row transplanted crop than in randomly
transplanted crop. Appreciably higher percentage of grain
filling and slightly increase in 1000-grain weight also
contributed to increased grain yield in row transplanted crop.
Our results are in agreement with Frizzell et al. [32] who
obtained significantly higher yield of rice planting seeds in
rows compared with broadcast seeding.
Experiment 2

3.3. Seedling Characteristics

Seeds were sown in the seedbed on 27 June and 9 July,
2012 for transplanting of 45 d old seedlings on August 8 and
24, respectively. Data on seedling characters of two
contrasting rice varieties planted at two different dates are
presented in Table 4. Variety, seedling age and planting time
greatly influenced the seedling vigor.

Table 4. Seedling characteristics of two contrasting rice varieties transplanted.

Seedling age (d) Transplanting date (seed sowing date) Variety Shoot length (cm) Shoot dry weight (g)
45 August 8 (27 June) BRRI dhan 44 40.21 1.437
August 8 (27 June) Lalmota 64.09 4.733
August 24 (9 July) BRRI dhan 44 36.4 1.403
August 24 (9 July) Lalmota 63.34 4.45
60 August 8 ( 8 June) Lalmota 75.917 6.947
August 24 (24 June) Lalmota 86.487 8.277
CV (%) 17 12
LSDy s 3.019 0.236

Effect of sowing date: Seedlings raised from 27 June
sowing were generally taller and heavier than the seedlings
of 9 July sowing. Environmental conditions prevailing
during 45 days in the seedbed prior to transplanting might
have influenced in creating such variation. Regardless of
planting time, 45 d old seedlings of Lalmota were
significantly taller and heavier than seedlings of BRRI dhan
44. Shoot length of 45 d old seedlings of BRRI dhan 44 for
August 8 planting was 44.21 cm as against 64.09 cm of
Lalmota — a height difference of 59.4%. Likewise, seedling
height of BRRI dhan 44 for 24 August planting was 36.4
cm while the seedlings of Lalmota (63.34 cm) was over
74% higher than BRRI dhan 44. Dry weight of 45 d old
seedlings of Lalmota was also much higher than that of
BRRI dhan 44. The difference in seedling dry weight was
more conspicuous than seedling height. The corresponding
differences in seedling dry weight of two varieties at two
different times were 332% and 317%, respectively. From
the results, it appears that seedling vigor of indigenous
variety Lalmota was much higher than that of modern

variety BRRI dhan 44. Seedling of BRRI dhan 44 of same
age planted on two different dates showed marked variation
in shoot height and dry matter accumulation. Late seeding
depressed dry matter accumulation and seedling height in
BRRI dhan 44 only but not in Lalmota.

Phenological development: Rice varieties differed greatly
in days taking to phenological events (Table 5). BRRI dhan
44 attained panicle initiation stage about one month earlier
than the indigenous variety Lalmota. BRRI dhan 44 had
taken 107 days for flowering as against 143 to 144 days by
Lalmota. Time to flowering has been an important trait for
improving crop productivity and adaptation [33] since the
maximum yield in a growing season is largely determined
during the pre-flowering period [34]. Time taken to
maturity ranged between 139 days and 184 days across
variety and planting date treatments. As expected, compared
with modern variety BRRI dhan 44, indigenous variety
Lalmota had taken 38 to 45 days more to mature. Seedling
age or planting date appears to have no significant influence
on the time required to attain any phenological event.
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Table 5. Seedling age and transplanting date effects on the days taken to attain phonological events of two varieties of rice.

Days to flowering

Days to physiological maturity Days to harvest

Treatment Days to panicle initiation

BRRI44, 45 d (8 Aug) 80.7 106.7
BRRIdhan 44, 45 d (24 Aug) 81.3 107.3
Lalmota, 45 d (8 Aug) 118.7 145.0
Lalmota 45 d (24 Aug) 117.0 143.7
Lalmota 60 d (8 Aug) 118.7 144.0
Lalmota 60 d (24 Aug) 117.3 143.3
LSDy s 5.8 6.3

143.0 150.0
138.7 147.3
179.3 188.3
170.3 178.3
184.3 192.3
179.7 188.3
8.1 9.8

Plant characters: Table 6 summarizes hill density, tillers
per hill, tillers per unit area, shoot dry mass, grain yield and
harvest index of two varieties of rice planted with variable
seedling ages and on variable dates. There was striking
difference in population density between modern- and
indigenous varieties. This was partly due to the design of the
experiment and partly due to variable tillering patterns of
diverse rice varieties. Two different planting configurations
were maintained at the time of transplanting seedlings. In
view of vigorous tillering capacity of indigenous variety [35],
the population density of Lalmota was kept low deliberately
by transplanting seedlings at 40 cm x 40 cm configuration.
Recommended planting configuration of modern variety (25
cm x 15 cm) was maintained following standard practices
[36]. Thus the initial population densities of BRRI dhan 44
and Lalmota were 27 and 6.25 per m’ respectively. As
observed in previous year’s experiment, hill densities
retained at harvest time were appreciably less than originally
established at transplanting. Initial hill density of BRRI dhan
44 had 4.3 times higher than that of Lalmota. But the hills
established at transplanting could not be maintained due to

repeated cycles of tidal submergence of the field. Deducting
the hills retained at harvest from the hills originally
established gives the mortality figures. Flooding depth during
high tide immediately after transplanting varied between 36
cm and 52 cm (data not shown). Repeated cycles of flooding
might have caused hill and tiller mortality. Hill mortality was
more in modern variety BRRI dhan 44 than in Lalmota. It
was nearly 37.5% in BRRI dhan 44 compared to 13.6% in
Lalmota using 45 d old seedlings. In Lalmota, hill mortality
was more when relatively younger (45 d old) seedlings were
transplanted. Hill mortality was substantially reduced when
60 d old seedlings of Lalmota were late planted (24 August).
Earlier planting (August 8) resulted in higher percentage of
hill mortality presumably because of tidal submergence
enduring for a longer period.

Plant height ranged between 114.6 and 167.2 cm across
varieties and planting dates (Table 6). Variety Lalmota had
the longest plants and BRRI dhan 44 produced the shortest.
Seedling age at transplanting or date of transplanting had
little influence on plant height.

Table 6. Seedling age and transplanting date effects on grain yield and yield components of two contrastingrice varieties grown in tidal floodplain.

. Seedling . Hills per m” at Tillers per Panicles per 1000-gr Grain yield (kg
variety age (d) Planting date harvest Plant ht (cm) hill (number)  hill (number) wt (g) per ha)
BRRI 45 August 8 12.8 114.6 11.4 10.0 25.373 2436
dhan 44 August 24 21.0 114.7 12.3 11.7 27.667 4575

45 Aug 8 3.45 160.0 25.8 20.11 28.613 2283
Lalmota Aug 24 3.98 164.6 27.9 24.00 27.667 3518
60 Aug 8 3.84 160.1 30.11 26.56 28.840 2689
Aug 24 4.07 167.2 34.11 30.56 30.067 3667
LSDy s
for seedling age ns ns 2.62 1.93 ns 118
for planting date 0.26 2.02 2.11 2.14 ns 163
for three-way interaction ns ns 1.67 ns ns 837

Varieties differed significantly in the number of tillers per
hill (Table 6). When transplanted with 45 d old seedlings, the
number of tillers per hill ranged from 11.9 to 26.8 between the
varieties. The number of tillers and panicles per hill was nearly
three times higher in Lalmota than in BRRI dhan 44. Late
planting generally increased the number of tillers per hill.
Likewise, the use of older seedlings markedly increased the
number of tillers and panicles per hill, and grain weight. The
number of tillers per hill increased by about 20% when 60 d
old seedlings were transplanted compared with transplanting
younger seedlings. Transplanting older seedlings resulted in
67% increase in panicles per hill (Table 6).

Hill density: Planting configurations of indigenous (40cm

x 40 cm) and modern variety (35 cm x 15 cm) were same for
early- and late transplanting or the use of 45 d- and 60 d old
seedlings. The hill densities established for indigenous and
modern varieties at transplanting were 6.25 and 27 per m’,
respectively. Transplanting 60 d old seedlings resulted in
greater number of hills retained per unit area at harvest that
transplanting younger seedlings. The difference between the
hill densities at transplanting and at harvest indicates the loss
of tillers due to mortality. Table 6 shows that regardless of
variety or seedling age, early transplanted rice had
significantly lower number of hills per m?. Reduction of hills
in BRRI dhan 44 was 53% in early planting which was 22%
in late planting. In Lalmota, loss of tiller was generally high
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in transplanting 45 d old seedlings. Loss of hills could be
reduced to some extent by planting older seedlings. Early
planting increased the loss of hills. Hill density retained till
harvest was found to be positively and linearly associated
with seedling shoot length and seedling dry mass at
transplanting. Longer the seedling height or greater the
seedling dry mass at transplanting, larger was the number of
hills survived in flooding. Higher yield in late transplanted
rice was associated with larger number of hills that endured
tidal floods.

Grain yield: Data on grain yield and yield attributes are
presented in Table 6. Variety, seedling age and date of
transplanting greatly influenced grain yield and yield
attributes. Gain yield ranged between 2,283 and 4,575 kg per
ha' across variety, seedling age and transplanting date
treatments (Table 6). It was highest for BRRI dhan 44 and
lowest for Lalmota planted with 45 d old seedlings. Late
transplanting of BRRI dhan 44 with 45 d old seedlings
produced the highest yield (4,575 kg per ha) compared with
Lalmota transplanted on same date with seedlings of similar
age (3,518 kg per ha). Grain yield of Lalmota increased by
nearly 10% when 60 d old seedlings were transplanted
compared with 45 d old seedlings. In Lalmota, transplanting
60 day old seedlings gave higher yield of rice regardless of
transplanting dates. Grain yield did not differ significantly
between the two varieties in Aug 8 transplanting; but marked
variation in yield was observed for Aug 24 transplanting.
Late planted BRRI dhan 44 produced highest yield (4,575 kg
per ha) among all the treatments. Early planting (Aug 8)
reduced grain yield by 47%. Early planting also reduced
grain yield in Lalmota but the reduction rate was less (35%)
compared with modern variety. Working in non-saline
wetland situation, Roy et al. [37] also obtained highest yield
transplanting seedlings of HY Vs in September. Transplanting
60 d old seedlings could further lessen the reduction rate
(27%) in early planted Lalmota rice. Our findings are in
agreement with Pandeet al. [38] who reported that grain yield
of rice increased with the increase of seedling age in
intermittent flooded area. Older seedlings, which have
greater submergence tolerance, contain more carbohydrates.
It is probable that indigenous variety Lalmota could use
greater amount of carbohydrates during the recovery period
[39].

Grain yield is the function of the number of panicles per
unit area, number of spikelets per panicle, grain filling rate or
percentage of filled spikelets and grain weight. The number
of panicles per unit area depends largely on the hill density
and the number of productive tillers per hill. Regardless of
planting time, the number of panicles per hill was nearly
three times higher in Lalmota than in BRRI dhan 44. 1000-
grain weight tended to be higher in Lalmota compared with
BRRI dhan 44 but did not differ significantly among the
treatments. Despite larger number of tillers and panicles per
hill, the sparsely planted Lalmota could not compensate for
the total number of tillers or panicles per unit area that
eventually resulted in significantly lower yield compared to
that of BRRI dhan 44.

Grain yield and associated agronomic traits of modern
variety BRRI dhan 44 and two indigenous varieties Sadamota
and Lalmota were compared conducting two sets of
experiments in two locations representing tidal floodplain
during consecutive two growing seasons. The crop being
grown under non-irrigated condition relying on uncontrolled
tidal floodwater, its performance depended largely on the
nature of flooding and the extent of tidal submergence of the
crop and crop field. Continual or intermittent high tides and
consequential land and crop submergence is the characteristic
feature of the tidal floodplain. Growing rice requires
transplanting seedlings that can survive tidal submergence
either through escape or by tolerance mechanism. Chances
are better for the taller seedlings that can at least protrude
apical portion of leaves above the flood level [21, 39].
Modern and indigenous rice varieties used in the experiments
were of contrasting agronomic characters. There were also
appreciable seasonal differences in the prevailing conditions
particularly the frequency and extent of tidal submergence of
the crops. Submergence tolerance and recovery ability both
are equally important for lowland transplanted aman rice.
Moreover, submergence tolerance and recovery ability is
affected by turbidity, water temperature, duration of
submergence, solar radiation, and plant characters like
seedling age, seedling quality, etc. [40, 41, 42].

Results of two years’ experiments reveal that rice yield
could be increased by transplanting 60 d old seedlings
compared to 45 d old seedlings. Our results are in
disagreement with [18, 23] who obtained significantly higher
rice yield transplanting with younger seedlings. Generally
younger the seedlings transplanted, better is the yield
performance [19]. In order for reducing transplanting shock,
encouraging tiller development and thereby increasing grain
yield, transplanting 2 week old or younger seedlings is often
recommended. But in a typical tidal floodplain where
ricelands remain submerged continually or intermittently
with varying depths of water, major concern is establishing
the crop that can escape or survive tidal floods. In the present
study we demonstrated that survival of the crop following
transplanting depended largely on seedling height and
seedling dry mass. Seedlings of Lalmota and Sadamota being
taller could tolerate floodwater better. Accumulation of
greater amount of dry mass in indigenous varieties during
seedling stage might have contributed to better withstand
tidal floods than modern variety.

Late transplanting (August 24) of seedlings gave higher
yield than planting earlier (August 8). Yield reduction due to
early planting could be related with seedling or hill damage
due to tidal flooding. Depth of flooding and extent of
submergence is usually high from late July until mid-August.
Thus late planted seedlings stand better chance of surviving
or escaping tidal flood.

Tillering in indigenous varieties was almost three times
more than that of modern variety. The number of panicles per
hill and 1000 grain weight of indigenous rice were more
compared with modern variety; but yield remained low
which can be attributed mainly to thinner population density.
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Seedlings of indigenous varieties were sparsely transplanted
giving about one-fifth of population compared with modern
varieties. Despite larger number of tillering and panicle
formation, indigenous varieties could not produce sufficient
number of panicles required for higher yield. For increasing
the grain yield of indigenous rice varieties, population
density requires to be increased.

4. Conclusions

Indigenous local varieties of rice are perceived to be of
low yielding and non-responsive to agronomic practices. In
our studies conducted in an unfavorable ecosystem, two
indigenous rice varieties (Lalmota and Sadamota) responded
favorably to variable planting arrangements, planting date
and seedling age treatments giving significantly higher
yields. Because of land topography and hydrological
conditions, relatively older seedlings were used. But the yield
difference was much more conspicuous between early (8
August) and late (24 August) transplanting. Late
transplanting of 45 d old seedlings produced over 71% higher
yield than early transplanting. Modern variety BRRI dhan 44
gave higher yield than indigenous variety Lalmota although
the magnitude of yield differenceis not high. Transplanting
60 d old seedlings produced significantly higher yield
compared with using 45 d old seedlings in variety Lalmota.
In absence of high yielding varieties suitable for growing in
tidal floodplain, farmers can substantially increase grain yield
and profit by transplanting 60 d old seedlings of indigenous
varieties during later part of August.
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