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Abstract

A field experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University,
Mymensingh to examine the influence of number seedlings hill”", rate and time of nitrogen application on the
growth parameters of late transplant Aman rice (cv. BR23). The study, laid out in a RCBD with three
replications, was comprised of three levels of number of seedlings hill” viz. 2, 4 and 6 seedlings hill™, three
nitrogen rates viz. 0, 60 and 120 kg N ha” and three levels of time of nitrogen application viz. nitrogen
application in two equal splits at 15 DAT and early tillering stage (ET); nitrogen application in three equal splits
at 15 DAT, ET and panicle initiation stages (PI); and nitrogen application in four equal splits at 15 DAT, ET, PI
and flowering stages (F). The highest plant height (101.04 cm) was found at 80 DAT from 6 seedlings hill™.
120 kg N ha™! nitrogen application produced the tallest (104.08 cm) plant and nitrogen application in two equal
splits at 15 DAT and ET gave the highest plant height (99.44 cm) at 80 DAT. The maximum number of tillers
hill"* (19.45) at 60 DAT and the highest leaf area index (3.08) at 40 DAT were found in the interaction effect
among 6 seedlings hill”", 120 kg N ha™' and three times of nitrogen application at 15 DAT, early tillering and
panicle initiation stages. The highest shoot dry matter hill"' (28 g) was obtained as the interaction effect among
6 seedlings hill"l, 120 kg N ha™ and nitrogen application in four equal splits at 15 DAT, early tillering, panicle
initiation and flowering stages. The grain yield, although statistically non-significant, was numerically highest
in seedlings hill" 120 kg N ha” and nitrogen application in three equal splits at 15 DAT, early tillering and
panicle initiation stages. Therefore, transplanting with 6 seedlings hill" and application of 120 kg N ha'! in 3-4
equal splits could be a better management practice for ensuring proper growth of the late transplant Aman rice.
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Introduction
Now-a-days flash flood has become a matter of even up to last week of September, which keeps a
concern in Bangladesh because it causes partial or high margin in comparison to the indigenous as well
complete damage of transplant aman rice. About as the other modem transplant Aman rice cultivars.
20% of the transplant aman rice is often suddenly Inspite of its photoperiod sensitivity and capability to
submerged by flash flood every year due to heavy grow under late transplanted condition, BR23 when
rainfall during wet season. Aman rice covers the transplanted late in September has a poor opportunity
largest area of 5.53 million hectares with a to produce enough tillers before reaching its
production of 13.19 million tons of rice (BBS, reproductive phase. So, it is necessary to compensate
2015).Rice cultivar BR23 developed by the yield loss due to late transplanting through proper
Bangladesh Rice Research Institute has good agronomic management. Number of seedlings hillis
photoperiod sensitivity and it can be transplanted late one of the limiting factors for successful rice
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production. Excess number of seedlings hill' may
produce higher number of tillers hill" resulting in
mutual shading and lodging and thus favours the
production of more straw instead of grain. While the
least number of seedlings hill' may produce
insufficient tillers hill” thus keeping air, space and
nutrients unutilized in soils and at the end, total
panicles unit” area will be reduced resulting in poor
yield. Nitrogen is a key nutrient element which plays
a vital role in vegetative development and yield of
the of
Bangladesh soil is very low due to warm climate

rice. Unfortunately, nitrogen reserve
accompanied by centuries of cultivation of same
piece of land (Portech and Islam, 1984). Plant growth
is seriously hampered when lower dose of N is
applied which drastically reduces the yield (Khatab
et al., 2013). However, excess amount of N-fertilizer
also results in lodging of plants, prolonging growing
the
susceptibility to insect-pest and diseases and
ultimately reduces yield (Uddin, 2003). Under the

circumstances, it is essential to find out proper stages

period, delayed in maturity, increased

of plant growth in relation to its maximum
requirement of nitrogen to achieve most efficient
of

Therefore, the present piece of research work was

utilization applied nitrogenous fertilizer.
undertaken to determine the optimum number of
seedlings hill”, rate of nitrogen and time of nitrogen
application for proper vegetative growth of the late

transplant Aman rice cv. BR23.
Materials and Methods

The experiment was conducted at the Agronomy
Field
University, Mymensingh. The experimental site
belongs to the Old Brahmaputra Floodplain. (AEZ-9)
having non-calcareous dark grey floodplain soil
(UNDP and FAO, 1988). The land was medium high
with silt loam texture. The land was flat, well drained
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and above the flood level. The pH value of the soil
ranged from 5.9 to 6.5.The experiment consisted of
three levels of seedlings hill! viz., 2, 4 and 6
seedlings hill”}, three rate of nitrogen viz., 0, 60 and
120 kg N ha” and four levels of time of nitrogen
application viz., nitrogen application in two equal
splits at 15 DAT and early tillering stage (ET),
nitrogen application in three equal splits at 15 DAT,
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early tillering (ET) and panicle initiation stages (PI)
and nitrogen application in four equal splits at 15
DAT, early tillering (ET), panicle initiation (PI) and
flowering stages (F). The experiment was laid out in
a randomized complete block design with three
replications. The size of unit plot was 4.0 m x 2.5m.
The experimental plot was fertilized with phosphatic,
potassic, sulphur and zinc fertilizers @ 125, 67, 60
and 10 kg ha™ in the form of triple super phosphate,
muriate of potash, gypsum and zinc sulphate,
respectively. Total amount of these fertilizers except
urea were applied as basal, dose. Urea was applied as
per experimental treatments. Thirty-day old seedlings
the field.
operations such as gap filling, weeding, water

were transplanted in Intercultural
management and pest management were done as and
when necessary. Growth study continued at 20 day
intervals beginning 20 DAT up to 80 DAT. Five
sample hills were selected randomly, uprooted,
washed properly and dried in an electric oven at
70°C for 72 hours to determine the shoot dry matter

production.

The leaf area was calculated from the same hills
meant for measuring plant height and tiller counting.
The leaf non-removing technique (IRRI, 1972) was
followed for this purpose the number of tillers hill”
was counted and the length and maximum width of
each leaf of the middle tiller were measured. Area of
each leaf blade was than determined on the basis of
length-width method as outlined below.

Leaf area=K x L xW

Where, K is the adjustment factor
L is the length of leaf and
W is the width of leaf

The value of K varied with the slope of the leaf
which in turn was affected by the growth stage of the
leaf. The value of 0.75 was used for all the stages of
growth except for seedling and maturity stages for
which the value of 0.67 was used. At maturity (when
90 % of the seeds became golden yellow in color)
one square meter area from each plot was selected
from the central portion and was cut manually from
the ground level to take grain and straw yields.
The harvested crops were threshed manually. The
grain was cleaned and dried to a moisture content of
14 %, finally vyields plot' were recorded and



Ali et al. (2017), Progressive Agriculture 28 (3): 174-183

converted to t ha™. All data were analyzed using the
“Analysis of Variance” technique and the mean
differences were adjudged by Duncan’s Multiple
Range Test (DMRT) (Gomez and Gomez, 1984).

Results and Discussion

Plant height: Plant height was significantly affected
by the number of seedlings hill' at all dates of
sampling (Table 1). At 20 DAT, the tallest plant
(59.97cm) was found when 6 seedlings were
transplanted hill"' (Table 1). Plant height showed a
decreasing trend as the number of seedlings hill”
decreased and became the shortest at 2 seedlings hill
! This trend of plant height was found at 40, 60 and
80 DATs (Table 1). .Competition among seedlings
for reception of solar radiation was probably the main
reason for the elongation growth of plants when 6
seedlings were transplanted hill”' Plant height was
significantly increased with the increase of nitrogen
rate (Table 1). The tallest plants were obtained when
the crop was fertilized with 120 kg N ha'. The
shortest plants were found when the crop was not
fertilized with nitrogen. Plant height exhibited
increasing trend with the increase of nitrogen rate.
This trend was noticeable up to 80 DAT. Nitrogen
enhanced the vegetative growth in terms of plant
height in the crop fertilized with 60 or 120 kg N ha™
in comparison to the crop not fertilized with nitrogen.
Application of nitrogen increased plant height was
reported elsewhere (Zannat et al., 2014; Jisan et al,
2014; and Kirtannia et al., 2013). The plant height
was significantly influenced due to application of
nitrogen level irrespective growth stages as stated by
Paul et. al., 2016. Plant height was also significantly
affected by time of nitrogen application (Table 2). At
60 DAT, the tallest plant (93.14cm) was found when
whole amount of nitrogen was applied in four equal
splits at 15 DAT, early tillering, panicle initiation and
flowering stages which was statistically similar to
three equal splits at 15 DAT, early tillering and
panicle initiation stages (Table 2). At 80 DAT the
tallest plant (99.44cm) was found when whole
amount of nitrogen was applied in two equal splits at
15 DAT and early tillering stage. The shortest
(97.33cm) was produced when four equal splits of
nitrogen application at 15 DAT, early tillering,
panicle initiation and flowering stages. The results
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are in conformity with that of Akanda et al. (1986)
(1995).
significantly affected by the interaction between

and Sharma et al Plant height was
number of seedling hill" and nitrogen rate at 20, 60
and 80 DAT (Table 3). At 20 DAT, the tallest plants
were observed in 6 seedlings hill" fertilized with 120
kg N ha'. The crop of 4 seedlings hill'in
combination with 120 kg N ha' exhibited similar
behavior at that of the crop grown from 6 seedlings
hill'and fertilized with 120 kg N ha” The shortest
plants were produced when either 4 or 6 seedlings

hill™'in control nitrogen (Table 3).

Table 1. Effect of number of seedlings hill"" on plant
height of late transplant Aman rice (cv.

BR23

Number of Plant height (cm)
. eny-1

seedlings hill " 29 DAT | 40 DAT | 60 DAT [80 DAT
2 seedlings hill'| 56666 65626 9137¢c | 98.13¢
4 seedlings hill' 56.98ab = 66.47a  92.44b | 98.98b
6 seedlings hill' 59972 | 67.10a | 93.79a |101.04a
Level of 0.05 001 = 001 | 001
significance
Sx 0.364 0273 | 0320 | 0375

N rate (kg/ha)
0 52.65c | 61.97c | 84.56c | 91.99¢
60 57.65b  66.32b | 93.99b | 99.95b
120 61.31a | 70.90a | 99.95a 104.08a
Level of 001 001 | 001 | 001
significance
Sx 0.364 0293 | 0320 | 0.375

Number of tillers hill': Number of seedlings hill”
had significant effect on the number of tillers
produced hill™ at all dates of sampling (Figure 1). At
all sampling dates the maximum number of tillers
hill' were found with 6 seedlings hill! and the
minimum one was found with 2 seedlings hill”
(Figure 1). It was evident that number of tillers hill”
increased with the increase in the number of
seedlings used hill'. Number of tillers hill"! was
significantly influenced by nitrogen rate at all
sampling dates (Figure 2). At 20 DAT, the maximum
number of tillers hill"* (11.50) was produced with 120
kg N ha'! and the minimum number of tillers hill”
(7.57) was produced in control. Similar trend of tiller
production was observed at 40, 60 and 80 DAT.

Nitrogen encouraged vegetative growth in terms of
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tiller production and hence the number of tillers hill"
was found to be increased with the increase or
nitrogen rate compared to no nitrogen (control)
treatment. These results are in conformity with those

of Paul et al, (2017). Qurashi et. al. (2013) found
that number of effective tillers hill"' was significantly
influenced by the dose of nitrogen.

Table 2. Effect of time of nitrogen application on plant height, number of tillers hill"', leaf area index and

shoot dry matter hill'of late transplant Aman rice (cv. BR23)

Plant height (cm) Number of tillers hill"" Leaf area index Shoot dry matter hill"" (g)
Time of nitrogen

application 20 40 60 80 20 40 60 80 20 | 40 60 80 | 20 | 40 60 | 80
DAT | DAT | DAT DAT | DAT | DAT DAT | DAT DAT | DAT | DAT | DAT | DAT | DAT DAT| DAT
1SDAT+ET 56.75 | 66.08 | 91.94b | 9944a | 9.52 | 11.28b | 1251b | 13.01b | 0.89b | 241c | 3.59b | 2.78a | 10.50a | 20.25a [ 26.45b | 10.50a
15DAT+ET+PI 5725 | 66.49 | 92.52a | 9836b | 9.66 | 11.72a | 13,0la | 1345a | 0.92a | 2.44b | 367a 2.85a | 10.23b|20.34b | 27.06a | 10.23b
ISDAT+ET+PI+F | 57.60 | 66.62 | 93.14a| 97.33b | 9.57 | 11.03b | 12.58b | 13.14ab | 091a | 2.46a | 3.66a | 2.88b | 10.02b| 21.16¢ | 27.35a | 10.02b

Level of sig. NS NS 0.05 0.01 NS 0.01 0.05 0.05 0.01 | 0.01 0.05 001 | 0.01 | 0.01 0.01 0.01
Sx NS NS 0.320 0375 NS 0.136 0.135 0.128 | 0.001 | 0.001 | 0.024 | 0.020 | 0.049 | 0.097 | 0.193 | 0.049

Table 3. Effect of interaction between number of seedlings hill™" and rate of nitrogen on plant height, number of

tillers hill'and leaf area index of lat

Interactinl{s Plant height (cm) | Number of tillers hill! Leaf area index
i‘;:ii'fgrs"l:ﬂrn ‘ 20 40 60 80 20 40 60 80 20 40 60 80
N rate (kg ha™') DAT DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT DAT DAT
: iegei}il‘;fs Bl | 3 68d | 6126 | 83.88d | 88.05¢ | 623¢ | 813 | 976t | 101f | o0s2i | 189 | .19 2.38f
éosiegdg“ﬁ;}‘“l'lx 56.07c | 6570 | 92.19c | 97.25¢ | 8.38¢ | 11.28 | 1l.14e | 11.86e | 0.85g | 233f | 3.48def | 2.74cde
fzsgckdg“;gﬁ;,ml | 60236 | 69.90 | 93.03a |103.10ab| 10.61c | 1333 | 13.88c | 1462¢c | 091d | 2.76c | 3.81bed | 3.0lbc
. iegei}il‘;fs Bill'™ | 53 63de | 62.04 | 84.54d | 91364 | 7987 | 852 | 038f | 075¢ | 084h | 1.94h | 326 | 245ef
2(]Siegdg“§§,}‘ill'lx 57.16c | 66.75 | 93.35c | 9843c | 9.74d | 1129 | 1282d | 1354d | 0.8% 25¢ | 3.64cde | 2.80cd
‘l‘zsgek‘gi;g;;f“'l “ | 61.15ab | 70.63 | 99.43a | 104.15a | 11.20b | 1351 | 1530b | 1538b | 097b | 2.89b | 4.00ab | 3.20ab
8 icgcl‘i}i;‘ags Bl |5y 6se | 62,50 | 85.26d | 96.57c | 8.50¢ | 9.67 e | 1124e | 087f | 197¢ 332ef | 2.52def
gosi;dg“f:}‘mlx 59.71b | 66.53 | 96.42b | 101.47b |10.33bc| 1178 | 13.68c | 1442c | 094c | 2.62d | 3.85bc | 3.05bc
?zsgckdg“;gﬁ;f”l “ 1 62552 | 72.18 | 99.69a | 104.99a | 12.69a | 1459 | 1734a | 17.99a | 1.03a | 3.04a 4.19a 33%
I;Z:'ﬁ‘c’;m % NS * *x 0.05 NS 0.01 001 0.01 0.01 0.05 0.01
Sx 0.631 0555 1 o651 | 0.442 0235 | 0222 | 0003 | 0.003 0.074 0.111

Number of tillers hill'of transplant aman rice was
significantly influenced by the time of nitrogen
application at different growth stages which was
especially noticeable at 40, 60 and 80 DAT (Table
2). The maximum number of tillers hill'1 1.72, 13.01
and 13.45 were found at 40, 60 and 80 DAT,
respectively, when whole amount of nitrogen
application in three equal splits at 15 DAT, early
tillering and panicle initiation stages. At 20 DAT the
number of tillers hill”" was not significantly affected
by the application of nitrogen at different growth
stages of transplant Aman rice (cv. BR23).

Number of tillers hill" was significantly affected by
the interaction between number of seedlings hill™ and
rate of nitrogen. At 20 DAT the maximum number of
tillers hill”" (12.69) was produced in 6 seedlings hill”
combined with 120 kg N ha™'. Minimum number of
tillers hill"! (6.23) was produced in 2 seedlings hill”'
when the crop was not fertilized with nitrogen (Table
3). This trend of plant height was found at 60 and 80
DAT. Number of tillers hill' was significantly
affected by the interaction between seedlings hill'and
time of nitrogen application. At 60 and 80 DAT the
maximum number of tillers hill* (14.85 and 15.25)
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were produced when in 6 seedlings hill" in
combination with nitrogen application in three equal
splits at 15 DAT, early tillering and panicle initiation
stages (Table 4).
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Figure 1. Effect of number of seedlings hill"' on the
total tillers hill'of late transplant Aman
rice (cv. BR23)

ﬁ

——0 kg N/ha
—#-60 kg N/ha
—+—120 kg N/ha

Shoot dry matter hill"! (g)

20 40 60 80

Days after transplanting

At harvest

Figure 2. Effect of nitrogen rate on the total tillers
hill'of late transplant Aman rice (cv.
BR23)

At 20 DAT the number of tillers hill' was not
significantly affected by the interaction between
number of seedlings hill' and time of nitrogen
application. Number of tillers hill'was significantly
affected by the interaction between nitrogen rate and
time of nitrogen application at 40 and 80DAT (Table
5). At 40 DAT the maximum number of tillers hill”
(13.90) was produced when the crop was fertilized
with 120 kg N ha” in combination with nitrogen
application in three equal splits at 15 DAT, early
tillering and panicle initiation stages, which was
statistically similar to that of the interaction between
120 kg N ha " and two times of nitrogen application
at 15 DAT and early tillering stage (Table 5). The
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minimum tillers hill' (8.61) was produced by the
crop under no nitrogen (control) treatment. Similar
trend was found at 80 DAT. Number of tillers hill”
was significantly affected by the interaction of
number of seedlings hill’, rate of nitrogen and time
of nitrogen application at 40 and 60 DAT (Table 6).
At 40 DAT the maximum number of tillers hill”
(15.30) was found when interaction among 6
seedlings hill!, 120 kg N ha" and three times of
nitrogen application at 15 DAT, early tillering and
panicle initiation stages which was statistically
similar to that of the interaction among among 4
seedlings hill" 120 kg N ha' and two times of
nitrogen application at 15 DAT, early tillering (Table
6). At 60 DAT the maximum number of tillers hill”
(19.45) was produced when interaction among 6
seedlings hill'l, 120 kg N ha' and three times of
nitrogen application at 15 DAT, early tillering and
panicle initiation stages.

Leaf area index (LAI): Leaf area index (LAI)
increased with time and reached maximum at 60
DAT and then tended to decrease. The plant
communities of higher population density adjusted
their leaves with greater LAI from early stage of
growth. These results corroborate the findings of
Kim (1990), who reported that LAI increased with
increase in plant density. At 20 DAT, the highest
value of LAI (0.95) was observed in the crop grown
from 6 seedlings hill' and the lowest one (0.86)
when 2 seedlings were transplanted hill™ (Figure 3).

——2 seedlings/hill
—#—4 seedlings/hill
—+—6 seedlings/hill

Leaf area index

20 40 60

Days after transplanting

80

Figure 3. Effect of number of seedlings hill"' on leaf
area index (LAI)of late transplant Aman
rice (cv. BR23)
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The crop grown from 4 seedlings hill' was
intermediate in respect of LAI Similar trend of LAI
was found at 40, 60 and 80 DAT. This result agrees

with the findings of Paul et. al. (2013). At 20 DAT,
the highest value of leaf area index (0.97) was
observed when 120 kg N ha™ was applied.

Table 4. Effect of interaction between number of seedlings hill! and time of nitrogen application on the number

of total tillers hill"", leaf area index and shoot dry matter hill"of late transplant Aman rice (cv. BR23)

-l

Number of Number of tillers hill"! Leaf area index Shoot dry matter hill"(g)

. e .
seedlingshill™ x Time | 5 40 60 80 20 40 60 80 20 40 60 80
of Napplication DAT DAT DAT DAT DAT DAT DAT DAT | DAT DAT | DAT DAT
2 seedlings hill ! )
X(1SDAT+ET) 8.37 1105bc | 11.59d 12.07¢ 0.85¢ 2301 340 2.59 275 997f 19.05¢ 2555
2 seedlings hill'x(15
DAT+ET+PI) 852 | 11.03bc = 11.72d | 12.19de | 087 232h 356 275d 267 047 | 192% | 256
2 seedlings hill'x (15
DATETAPHE) 8.33 10.66c | 1146d | 12.24de | 0.86¢ 235g 353 2.79d 264 9182 | 1944 2636
4 seedlings hill " x15
DAT+ET) 9.61 11.89a | 12.40c | 12.98c | 090d 241f 3.60 280cd 301 104564 | 2067ad | 2680

4 seedlings hill'x(15
DAT+ ET+PI)

9.73 10.61c | 1246 12.92¢ 0.89d

243 3.64 2.79cd 293 10.39de 2037d 2740

4 seedlings hill 'x(15

9.58 10.81¢c 12.65¢ | 12.77cd 091¢

250d 367 287Toc | 282 | 1019ef | 2094bc | 27.11

DAT+ET+PI+F)

6 seedlings hill'x(15 |15 57| 13550 | 1354b | 1399 | 092¢ | 252 | 376 | 29%b | 330 | 1198 | 2108 | 2700

DAT+ET) : : : : - : ’ : : 09 [ .

6 seedlings hill"! x(15

DAT+ET-+PT) 10.74 12.18a 14.85a 15.25a 0.98a 2.56a 3.81 3.00a 335 10.89b 2139 2816

6 seedlings hill'x(15

DAT+ET+PIF) 1081 | 1163 | 13.63b | 1440b | 095 2.54b 379 293 326 1069%c | 23.09a 2857

Level of significance NS 0.01 0.05 0.05 0.01 0.01 NS 0.05 S 0.05 001 NS
Sx. 0.235 | 0235 | 0222 0003 0003 0034 0.086 0.169

Table 5. Effect of interaction between nitrogen rate and time of nitrogen application on production of tillers hill™*

leaf area index and shoot dry matter hill” of late transplant Aman rice (cv. BR23)

Nitrogen rate x Time of Number of tillers hill”* Leaf area index Shoot dry matter hill-1 (g)
N application
20 40 60 80 20 40 60 30 20 40 | oar| 80

DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT | DAT DAT
0 kg N ha-"x (15 DAT +
ET) 772 86le | 1011 | 1046e | 084d | 193¢ 326 | 245 | 238t | 784f | 1627¢ | 22.32
0kgNha'x (15
DATET+PI) 760 | 88le | 1004 | 1029 | 0.85¢ | 1.93g 326 | 245 | 241f | 784f | 1640e | 22.98
OkgNhaTx (15
DAT+ET+PEF) 8.39 8.89¢ 998 | 1025¢ | 0.84e | 1.94g 326 | 245 | 241f | 784f | 1632¢ | 2335

Bi
60kgNha"x (ISDAT+ET) | 946 | 1227¢ | 1229 | 1287d | 089d | 2.44f 357 | 277 | 3.02d | 10.85d | 21.03d | 26.86
60kgNha' x (15
DATHET+PI) 9.61 1.12d | 1283 | 1339%d | 090d | 247e 371 | 287 | 291e | 1035¢ | 2068d | 27.21
60 kgNha x (15
DAT+ET+PEF) 998 1096d | 1252 | 1356c | 090d | 2.54d | 3.69 | 295 | 2.85¢ | 10.16e | 21.83c | 27.67
T

120kgNha"x (ISDATHET) 1938 | 14280 | 1513 1571b | 0.94c | 2.86c 393 | 313 | 3.75a | 12.82a | 2346b | 30.18
120 kg N ha'x (15
DATSET+P)) 1178 | 1390a | 1615 | 1667a | 291b 403 | 323 | 364b | 12506 | 23.93b | 31.00
120 kg N ha'x (15
DAT+ET+PF) 1134 | 1325 | 1532 | 1560b | 099 | 291a | 404 | 324 | 346c | 12.07c | 2533a | 31.02
Level of significance NS 001 NS 001 0.01 0.01 NS Ns | 001 | o001 0.01 NS
Sx 0235 0222 | 0003 | 0003 | 0074 0.027 | 0.086

The lowest LAI value (0.84) was found when
nitrogen was not applied. Application of 60 kg N ha™
was intermediate regarding LAIL This trend of LAI
was found at 40, 60 and 80 DAT (Figure 4). Similar
finding was also reported by Paul et al., 2014. Ray et
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al. (2015) also stated that high nitrogen levels (80 kg
N ha') resulted to higher LAI in rice. It was
observed that LAI gradually increased with time and
reached at the maximum at 60 DAT and then
declined. Leaf area index (LAI) was significantly
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affected by the time of nitrogen application (Table
2). The highest value of LAI (0.92 3.67 and 2.85)
was observed at 20, 60 and 80 DAT, respectively,
when nitrogen was applied in three splits at 15 DAT,
early tillering and panicle initiation stages.

45 - ——0kgN/ha
-8-60 kg N/ha
4.0 1 —+—120 kg N/ha

3.5 4

3.0
2.5 A
2.0
1.5

Leaf area index

1.0 1
0.5 A

0.0

20 40 60 80
Days after transplanting

Figure 4. Effect of nitrogen rate on leaf area index
(LADof late transplant Aman rice (cv.
BR23)

At 40 DAT highest value of LAI (2.46) was observed
when nitrogen was applied in four equal installments
at 15 DAT, early tillering, panicle initiation and
flowering stages. Leaf area index was significantly
affected by the interaction between numbers of
seedlings hill'and rate of nitrogen application. LAI
was found the highest at all DATs when 6 seedlings
were transplanted hill" in combination with 120 kg N
ha (Table 3). The lowest values of LAT at all DATs
were found in 2 seedlings hill'in control. Leaf area
index (LAI) was significantly affected by the
interaction between number of seedlings hill'and
time of nitrogen application at all DATs except
60DAT (Table 4). The highest LAI was found at all
DATs when 6 seedlings hill'was combined with
three times nitrogen application at 15 DAT, early
tillering and panicle initiation stages. Leaf area index
was significantly affected by the interaction between
nitrogen rate and time of nitrogen application at 20
and 40 DAT (Table 5). The highest LAI was found at
60 DAT and lowest at 20 DAT. Leaf area index
(LAI) was significantly affected by the interaction of
number of seedlings hill”', rate of nitrogen and
application time of nitrogen at 20 and 40 DAT. At 20
DAT highest value of LAI (1.10) was observed when
combination of 6 seedlings hill”', 120 kg N ha™ and

three times nitrogen application at 15 DAT, early
tillering and panicle initiation stages (Table 6). The
lowest value was found (0.81) when combination of
two seedlings hill"" and no fertilization of nitrogen.
Similar trend of LAI was found at 40 DAT.

Shoot dry matter: Shoot dry matter hill' was
significantly influenced by the number of seedlings
hill" at all growth stages. At 20 DAT the highest
shoot dry weight hill" was found with 6 seedling hill”
'at 80 DAT (Figure 5). The lowest shoot dry matter
was observed hill”! was found with 2 seedlings hill.
This trend of LAI was found at 40, 60 and 80 DAT.

35
—o—2 seedlings/hill
30 A ——4 seedlings/hill
] —+—6 seedlings/hill
= 25
=
Iy
2 20 A
g
> 151
T
g 10 -
£
[
5 4
0 T !

20 40 60 80
Days after transplanting

At harvest

Figure 5. Effect of number of seedlings hill' on
shoot dry matter hill”" of late transplant
Aman rice (cv. BR23)
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It was observed that at each sampling date, shoot dry

matter hill" increased with increasing seedlings

number hill”". Tt was mainly contributed by the higher

number of total tillers hill"'. The highest production

of shoot dry matter in the modern varieties may be

achieved due to higher leaf area throughout the

growth period.

Table 6. Effect of interaction of number seedlings hill”!, rate of nitrogen and time of nitrogen application

production of tillers hill"', leaf area index , shoot dry matter hill"' and yield of late transplant Aman
rice (cv. BR23)

Number of

Number of tillers hill"!

Leaf area index

Shoot dry matter hill”' (g)

seedlings hill” Grain
xrate(kgha) 5, 40 60 80 20 40 60 80 20 40 60 80 yield
X Time of N DAT DAT DAT DAT DAT | DAT | DAT | DAT | DAT | DAT DAT pAT | tha)
application
SNXT, 6.44 811k | 967k | 994 0810 | 1.88s | 3.20 238 | 117 | 727 15.24n 2150 | 298
SixNXT, 626 798k | 9.85hj | 1008 | 0840 | 1.90s | 3.20 239 | 222 | 726 15.41n 2180 298
S xNoxT; 579 830k | 9.76i-k | 1002 | 08lo | 1.90s | 3.7 237 | 221 728 | 1534n 2256| 298
SIXNXT, 776 | 11.6lc-h | 10.83g | 1142 | 0.84mn | 2310 | 3.34 254 | 286 | 1051 | 19.42 2590 | 345
SXNXT, 8.41 1127gh | 11.59¢ | 1196 | 086km | 2320 | 3.60 280 | 266 | 957 19.53] 2560 | 3.71
SXNXT; 8.9 1098h | 11.19¢ | 1222 | 08km | 236n | 3.51 288 | 262 | 941 200i 2602| 352
SxNXT, 1072 | 13.44b-d | 1428de | 1486 | 09lgh | 2721 | 3.65 285 | 323 | 12.15 | 2251ef | 2926| 3.84
SiXNXT, 1090 | 13.85bc | 13.92d-f| 14.53 | 092fg | 2.76h | 3.87 307 | 3.14 | 1157 | 2281de 2950 | 4.00
SIXNXT; 1022 | 12.70de | 13.44cf | 1448 | 092fg | 2.80g | 3.91 301 | 3.09 | 1085 | 2300de 3050 3.90
SNXT, 8.8 803k | 9.60jk | 10.19 | 084mn | 1.94r | 327 246 | 231 793 | 1634m | 2226] 3.06
SixNXT, 8.00 873k | 931k | 9.57 083n | 1.95qr | 325 245 | 234 | 792 | 16451Im | 2320| 3.06
S;NXTs 7.68 880jk | 924k | 951 | 085lmn | 1.94r | 326 246 | 233 793 | 1634m | 2360 3.05
S)x NixT, 959 | 1234d-g | 12.71f | 1330 | 092fg | 242m | 3.55 275 | 2.80 | 10811 | 22.16efg| 27.90| 3.58
S;NXT, 9.94 10.54hi | 1297¢f | 1350 | 087k | 2451 | 3.66 273 | 273 | 1068 | 20.80hi 2800 3.71
S;NXTs 971 1098h | 12.78f | 13.83 | 0.8%i | 2.65] | 3.72 292 | 270 | 1055 | 21.50gh | 28.50| 3.63
SANXT, | 1097 1530a | 14.89cd | 1547 | 094c | 2.87f | 3.99 319 | 392 | 1262 | 1353cd | 3026| 3.95
S;XNXT, 1127 | 12.56d-f | 1500b-d | 1570 | 098d | 2.89¢ | 4.00 320 | 373 | 12.57 | 23388 31.02] 412
SyxNpxT3 1135 | 12.66de | 1593bc | 1497 | 1.0lc | 291d | 4.02 322 | 342 | 1210 | 25.00b 2925| 4.06
SxNoxT, 8.24 9.70ij | 11.07gh | 1127 | 086kl | 1.97pq | 3.31 251 | 267 833 | 17.25kl 2320| 3.14
SxNoxT, 8.55 971 | 998gi | 1124 | 089 | 1.96qr | 3.33 252 | 269 | 833 1736¢ 2395| 3.13
SyNXTs 871 959 | 996gi | 1123 | 087k | 1.98p | 334 253 | 270 | 833 | 17.28k 2390 | 3.3
SN T, | 11.04 | 12.86cd | 1333ef | 1391 093f | 2.61k | 3.82 3.02 | 339 | 1125 | 2151 2680 | 3.68
S;ENXT, 1048 | [1.54fh | 13.13de | 1473 | 096d | 2.64] | 3.87 307 | 334 | 1080 | 21.72fg 28.04| 384
SN XTs 1126 | 1093h | 1359f | 1463 | 095¢ | 2.61k | 3.85 305 | 322 | 1051 | 2401 2850 | 3.83
S3xNXT, 1245 | 1409 | 1624b | 1481 | 097d | 3.00c | 4.14 334 | 410 | 13.68 | 2434bc | 31.02| 411
S;xNXT, 13.18 1530a | 1945a | 19.80 1.10a | 3.08a | 423 343 | 403 | 1336 | 25.100 3250 | 448
SyxNXTs 1245 | 1438ab | 1634b | 17.36 104b | 3.03b | 420 340 | 3.87 | 1325 | 2800a 3332| 421
Level of NS 0.01 0.01 NS 001 0.01 NS NS | NS NS 001 NS NS
significance
Sx 0.408 0.407 0.005 | 0.005 0.293

Means of column having the same letter(s) do not differ significantly as per DMRT, DAT= Days after transplanting, ET=
early tillering stage, PI = panicle initiation stages, F = flowering stages, NS = Not significant, S; = 2 seedlings hill', S, = 4
seedlings hill', ;=6 seedlings hill'l, N1=0kgN ha!, N2= 60 kg N ha'!, N3= 120 kg N ha!, T, =15 DAT+ET, T,=18§
DAT+ET+PL T;=15DAT+ET+PI+F.

The increase of TDM depends on the leaf area

production as reported by Tanaka (1983). Shoot dry

matter production hill”! was significantly affected by
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the rate of nitrogen application. Results revealed that
at 20, 40, 60 and 80 DAT the highest shoot dry
matter was obtained when the crop was fertilized
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with 120 kg N ha” and the control treatments gave
the lowest shoot dry matter (Figure 6). Shoot dry
matter production hill"' progressively increased with
the increase of nitrogen rate. Shoot dry matter
production hill'increased gradually from earlier stage
to later stages of growth. The difference between
treatments for shoot dry matter production were
lower both in the early and later stages of growth but
a remarkable difference was observed between 40
and 60 DAT. Shoot dry matter production of rice
increased with increasing rate of nitrogen was also
observed by Reddy et al. (1984). At 20 DAT, the
highest shoot dry matter hill”' (3.66g) was achieved
from two equal splits of nitrogen application at 15
DAT and early tillering stage (Table 2). The lowest
shoot dry matter hill' (2.91g) was obtained when
nitrogen was applied in four equal splits at 15 DAT,
early tillering, panicle initiation and flowering stages.
This trend of shoot dry matter was found at 40 and 60
DAT. At 80 DAT, the highest shoot dry matter
(27.35g) was accumulated in four equal splits of
nitrogen application at 15 DAT, early tillering,
panicle initiation and flowering stages which was
statistically identical to nitrogen application in three
equal splits at 15 DAT, early tillering and panicle
initiation stages (27.06g). The lowest (26.45g) one
was found at nitrogen application in two equal splits
at 15 DAT and early tillering stage (Table 2). At 20
DAT, interaction between a number of 6 seedlings
hill" and 120 kg N ha” application produced the
highest shoot dry matter hill" (4.00g). The lowest
(2.20g) one was recorded from planting 2 seedlings
hill" and no fertilization of nitrogen (Table 1). This
trend of shoot dry matter was found at 40, 60 and 80
DAT. The interaction between number of seedlings
hill™" and time of nitrogen application was significant
at 40 and 60 DAT. At 40 DAT the highest shoot dry
matter (11.09g) was produced when transplanted 6
seedlings hill"' and two times of nitrogen application
at 15 DAT and early tillering stage (Table 4). The
lowest shoot dry matter (9.18g) produced when
hill
application at four times at 15 DAT, early tillering,

transplanted 2  seedlings and nitrogen
panicle initiation and flowering stages. At 60 DAT
the highest shoot dry matter (23.09g) was produced
when transplanted 6 seedlings hill"* and four times of

nitrogen application at 15 DAT, early tillering,
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Results
revealed that interaction between rate of nitrogen 120

panicle initiation and flowering stages.
kg N ha™' and two times application at 15 DAT and
early tillering stage produced the highest shoot dry
matter at 20 and 40 DAT (Table 5). The interaction
effect of number of seedlings hill”', rate of nitrogen
and time of nitrogen application at 60 DAT was
significant on shoot dry matter production. The
highest shoot dry matter (28.00g) production when
combination of 6 seedlings hill!, 120 kg N ha’
and four times of nitrogen application at 15 DAT,
early tillering, panicle initiation and flowering stages
(Table 6). The lowest shoot dry matter (15.24g)
production when combination of 2 seedlings hill" and
no nitrogen (Table 6). The interaction effects at 20,
40 and 80 DAT were non-significant (Table 6). The
higher production of shoot dry matter in the modem
varieties may be achieved due to the higher leaf area
throughout the growth period. The grain yield was
found statistically non-significant but numerically the
highest in 6 seedlings hill'l, 120 kg N ha' and
nitrogen application in three equal splits at 15 DAT,
early tillering and panicle initiation stages. From the
above results it can be concluded that growth
parameters and yield of late transplanted Aman rice
(cv. BR23) were found better in 6 seedlings hill"' and
120 kg N ha when applied in 3 or 4 splits.
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