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An experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh, during December 2017 to May 2018 to study growth performance
of aromatic Boro rice (cv. BRRI dhan50) in response to nitrogen and potassium fertilization.
The experiment consisted of four levels of nitrogen viz., 0, 50, 100 and 150 kg ha, and four
levels of potassium viz., 0, 30, 60 and 90 kg ha™. The experiment was laid out in a randomized

Keywords complete block design with three replications. The results revealed that nitrogen and potassi-
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um fertilization and their interaction exerted significant influence on growth performance of
BRRI dhan50. Application of 100 kg N ha™ produced the tallest plant (82.17 cm), the highest
number of tillers hill"* (10.08) and chlorophyll content (52.21) at heading stage. While, applica-
tion of 90 kg K ha* produced the tallest plant (81.44 cm) at physiological maturity stage, the
highest number of tillers hill'™ (9.66) and chlorophyll content (51.54) at heading stage. In case
of interaction, the tallest plant (85.33 cm), the highest number of tillers hill™* (10.83) and
chlorophyll content (58.28) were obtained from 100 kg N ha™ along with 90 kg K ha™* at head-
ing stage. Therefore, application of 100 kg N ha™* along with 90 kg K ha* interaction appeared
as the promising practice in aromatic rice (cv. BRRI dhan50) cultivation in terms of growth
performance.
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INTRODUCTION

Rice (Oryza sativa L.) is the most important cereal food crop
which feeds the world's half of the population providing 35-60%
of the total caloric requirements (Tayefe et al., 2014). In Bangla-
desh, rice is consumed as staple food since it is the main source
of food and has incredible influence on its agrarian economy
(Sumon etal., 2018; Paul et al., 2021). Approximately, 36.60 mil-
lion tons of rice is produced from 11.42 million hectares of land
in Bangladesh (BBS, 2020) of which Aus, Aman, and Boro rice
covers 1.10, 5.56, and 4.76 million hectares of land with the
production of 2.76, 14.20, and 19.65 million tons of rice, respec-
tively (BBS, 2020). Rice is classified as aromatic and non-
aromatic rice by aroma. Aromatic rice is also named as fine rice,
scented rice or fragrance rice which has great potential to

attract rice consumer for its taste and deliciousness (Rathiya et
al., 2017). Because of its aroma, grain dimension and cooking
qualities, aromatic rice is preferred for consumption globally
and fetches premium price in domestic and international
markets which boosted up the economic condition of the rice
grower (Khan et al., 2003; Singh et al., 2012). In Bangladesh,
most of the photoperiod sensitive aromatic rice varieties are
grown during Aman season (Kabir et al., 2004) and low yielding
with an average yield of 3.04 t ha (Sinha et al., 2018) which
covers 2% of the national rice acreage of Bangladesh (Roy et al.,
2018). BRRI dhan50 (Banglamati), a variety of aromatic rice is
recommended for Boro season has gained huge popularity
among the rice grower for its fragrance, price and relatively
higher yield (Paul et al., 2020).

Growth and vyield performance of rice depend on judicious
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application of inorganic fertilizers. Since fertilizer is an expen-
sive input, proper management needs to be determined to
enhance growth, productivity and profit of the growers under
given situation. Nitrogen is the single most limiting essential
plant nutrient and key input for rice crop growth and yield which
is required in higher amounts compared to other nutrients
(Kumar et al., 2017; Djaman et al., 2018). Required amount of
nitrogen plays a major role in tillering, photosynthesis, vegeta-
tive growth, biomass accumulation, effective tillering and spike-
lets formation which enhanced the grain yield of rice (Yoshida et
al., 2006; Ferdush et al., 2020) as excessive nitrogen encourages
the attack of insects and diseases (Ferdush et al., 2020). Again,
continuous supply of potassium to the crop is required for plant
growth and fecundity (Rengel and Damon, 2008; Fageria et al.,
2011) since lack of it restricts the establishment, development
and yield of rice plant (Rengel and Damon, 2008). Plants regula-
tory processes such as the grain quality of rice enhanced by
potassium fertilization although it is not a part of any plant
structure or compound (Liu etal., 2011). Several studies report-
ed that a regular supply of potassium is required which
increased plant height, total tillers, effective tillers, dry matter
accumulation, number of filled grains and vyield of rice plant
besides improving soil properties (Meena et al., 2002; Mahfuza
etal., 2008; Islam et al., 2015). In addition, the combined applica-
tion of nitrogen and potassium fertilizer in an adequate amount
provided the better growth characters and yield of rice plant
(Yadanar et al, 2018). Again, growth parameters like plant
height, number of tillers hill™* and chlorophyll content are the
three important traits which are directly related to the yield of
rice plant (Wang et al., 2017; Senthilvalavan and Ravichandran,
2019). Though aromatic rice is one of the most vital crops of the
world but enough information regarding its response to
nitrogen and potassium fertilization are scarce in the world
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literature. Therefore, the proposed study was conducted to
assess the effect of nitrogen, potassium and their interaction on
growth performance of aromatic Boro rice (cv. BRRI dhan50).

MATERIALS AND METHODS

Description of the experimental site

The research work was conducted at the Agronomy Field labor-
atory, Bangladesh Agricultural University, Mymensingh, during
December 2017 to May 2018. Geographically the experimental
site (24°75' N latitude and 90°50' E longitude at an altitude of
18 m) belongs to the non-calcareous dark grey floodplain soil
under the Old Brahmaputra Floodplain Agroecological Zone
(AEZ 9) (UNDP and FAO, 1988). The field was a medium high
land with well drained silty-loam texture having pH 6.8 and the
total nitrogen, available phosphorus (P,Os), potassium and
organic matter of the soil ranged from 0.13%, 16.3 ppm, 0.28%
and 0.93%, respectively (Chakraborty et al., 2020). The experi-
mental site is under the sub-tropical climate. Weather infor-
mation regarding monthly average temperature (°C), relative
humidity (%), rainfall (mm) and sunshine (hrs.) prevailing at the
experimental area during the period of the research work are
presented in Figure 1.

Experimental treatments and design

The experiment comprised four levels of nitrogen viz. O, 50, 100
and 150 kg N ha?,and four level of potassium viz. 0, 30, 60 and
90 kg K ha™™. The experiment was laid out in a randomized
complete block design with three replications. Each of the
replication represented a block in the experiment. Each block
was divided into 16 unit plots where 16 treatment combinations
were randomly allocated. There were 48 unit plots in the experi-
ment. The size of unit plot was 4.0m x 2.5 m.
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Figure 1. Air temperature (°C), relative humidity (%), rainfall (mm) and sunshine (hrs.) condition in crop growing period.
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Crop husbandry

The experimental land was first opened with a tractor drawn
disc plough and then puddled thoroughly by repeated ploughing
and cross ploughing with a country plough and subsequently
levelled by laddering. The field layout was done on 4™ January
2018 according to experimental specification immediately after
final land preparation. Weeds and stubble were cleared off from
individual plots and finally plots were levelled so properly by
wooden plank that no water pocket could remain in the puddled
field. Thirty-five days old seedlings were transplanted on é6th
January 2018 in the well puddle plot. 2-3 seedlings were
transplanted hill X with a spacing of 25 cm x 15 cm. Nitrogen and
potassium were applied as per treatment specifications and
other nutrient such as phosphorus, sulphur and zinc were
applied @ 25, 18 and 3.5 kg/ha, respectively as a recommended
dose. At the time of final land preparation, respective unit plots
were fertilized with different levels of fertilizers according to
treatments. The amount of nitrogen, phosphorus, potassium,
sulphur and zinc required for each unit plot was calculated on ha?
basis and applied in the form of urea, triple super phosphate,
muriate of potash, gypsum and zinc sulphate, respectively. Triple
super phosphate, muriate of potash, gypsum and zinc sulphate
were applied at final land preparation as per treatment. Urea was
applied in three equal splits at 15, 30 and 45 days after trans-
planting (DAT). Intercultural operations such as gap filling, weed-
ing, irrigation and drainage, bund repairing and plant protection
measures were done as and when necessary.

Data collection

Plant height, number of tillers hill'* and chlorophyll content
were recorded at maximum tillering, heading and physiological
maturity stages. Five hills were randomly selected soon after
transplanting and marked with bamboo sticks in each plot
excluding border rows to record the data on plant height and
number of tillers hill™* at maximum tillering, heading and physio-
logical maturity stages. Chlorophyll meter values (SPAD) were
recorded using a portable SPAD meter (Model SPAD-502,
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Figure 2. Effect of level of nitrogen on plant height at different growth stages
of aromatic Boro rice (cv. BRRI dhan50).

Minolta crop, Ramsey, NJ) at maximum tillering, heading and physi-
ological maturity stages. For recording SPAD values, five new fully
expanded leaves that adjacent to a similar leaf about to emerge
were selected. The mean data was taken from middle point of the
five leaves plant ™ in between 9:00 and 10.00 am (Bithy et al., 2020).

Statistical analysis

All the collected data were analyzed following the analysis of
variance (ANOVA) technique and mean differences were
adjudged by Duncan's Multiple Range Test (DMRT) (Gomez and
Gomez, 1984) using a computer operated program package
MSTAT (Power, 1985).

RESULTS AND DISCUSSION
Plant height

Effect of nitrogen: Plant height was significantly influenced by
nitrogen fertilization at 1% level of probability at all growth
stages (Figure 2). Plant height increased with increasing days
after transplanting due to application of different levels of nitro-
gen fertilization from tillering to physiological maturity stage. At
tillering stage, the tallest plant (50.75 cm) was recorded from
100 kg N ha™* followed by 150 kg N ha™ and 50 kg N ha™, and
the shortest plant (47.22 cm) was obtained from 0 kg N ha™. It
was found that treatment 100 kg N ha™ produced the tallest
plant (82.17 cm) followed by 150 kg N ha™, while the shortest
plant (75.00 cm) was found from O kg N ha at heading stage. At
physiological maturity stage, the tallest plant (81.83 cm) was
achieved from 100 kg N ha™ which was at par with 150 kg N ha™
and 50 kg N ha!, and the shortest plant (77.94 cm) was obtained
from O kg N ha™’. Nitrogen fertilization has significant influence
on plant height and plant height increased with the application
of nitrogen was reported elsewhere (Jisan et al., 2014; Paul et al.,
2017; Reaetal., 2019). In addition, Ferdush et al. (2020) report-
ed that plants physiological processes such as cell division and
cell elongation increased due to nitrogen fertilization which
results in enhancement of plant height.
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Figure 3. Effect of level of potassium on plant height at different growth
stages of aromatic Boro rice (cv. BRRI dhan50).
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Table 1. Interaction effects of level of nitrogen and level of potassium on plant height and number of tillers hill™* at different growth

stages of aromatic Boro rice (cv. BRRI dhan50).

. . Plant height (cm) Number of tillers hill ™

al(lgtt;]c;g_ie)n * potassium Growth stage Growth stage
Tillering Heading Physiological maturity Tillering Heading Physiological maturity

0x0 45.33 69.33g 75.50 4.33i 5.50j 4.00h
0x30 47.00 75.33e 78.50 6.00ef 6.16i 575f
0x 60 47.89 77.50d 79.75 6.11ef 6.50hi 5.66f
0x90 48.67 77.83cd 78.00 6.22de 7.67g 6.00f
50%0 47.67 73.17f 79.33 5.56¢g 6.83h 5.00g
50x 30 47.67 78.33bcd 80.33 6.22de 8.17g 7.00e
50 x 60 47.89 79.33bcd 80.50 6.33cde 9.33def 8.00 cd
50 % 90 49.89 79.50bcd 80.75 7.33b 9.67cde 8.33c¢
1000 4978 79.50bcd 80.00 5.78fg 9.33def 7.50de
100 x 30 50.56 80.33b 80.83 7.22b 9.83bcd 8.00 cd
100 x 60 51.11 83.50a 82.25 7.44b 10.33abc 10.0a
100 x 90 51.56 85.33a 84.25 9.11a 10.83a 10.5a
150x0 46.56 77.83cd 79.00 5.22h 8.83f 7.33e
150x 30 4911 79.83bcd 80.50 6.33cde 9.00ef 8.00 cd
150 x 60 50.78 80.00bc 81.00 6.55cd 10.00bcd 8.50c
150 x 90 50.89 80.33b 82.75 6.66¢ 10.50ab 9.25b
Sx 0.922 0.730 1.18 0.116 0.21 0.198
Level of significance NS > NS > * o
CV (%) 3.27 1.61 2.55 3.11 4.33 4.63

In a column, figures with the same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as
per DMRT); ** =Significant at 1% level of probability, * =Significant at 5% level of probability, NS= Non-significant.

Effect of potassium: Significant differences were observed
among plant height due to potassium fertilization at all growth
stages (Figure 3). Plant height increased significantly with
increasing days due to different levels of potassium fertilization
from tillering to physiological maturity stage. At tillering stage,
the tallest plant (50.25 cm) was recorded from 90 kg K ha
which was at par with 60 kg K ha, and the shortest plant (47.34
cm) was obtained from 0 kg K ha™’. At heading stage, the tallest
plant (80.75 cm) was achieved from 90 kg K ha™* which was
statistically identical to 60 kg K ha, and the shortest plant
(74.96 cm) was found from treatment O kg K ha™™. It was found
that treatment 90 kg K ha™ produced the tallest plant (81.44
cm) which was at par with 60 kg K ha' and 30 kg K hal, while
the shortest plant (78.46 cm) was obtained from O kg K ha™t at
physiological maturity stage. Plant height increased with the
application of potassium fertilization was the findings of Islam
etal. (2015). On the other hand, Hartati et al. (2018) opined that
continuous supply of increased level of potassium fertilizer
increased the availability of high-K so that the plant height
increased.

Effect of interaction between nitrogen and potassium: Plant
height was significantly influenced by the interactions of nitro-
gen and potassium fertilization at heading stage at 1% level of
probability (Table 1). The tallest plant(85.33 cm) was observed
from 100 kg N ha* along with 90 kg K ha™* which was statistical-
ly identical to 100 kg N ha* along with 60 kg K ha, and the
shortest plant (69.33 cm) was found from O kg N ha along with
0 kg K ha at heading stage. Several study stated that combined
application of nitrogen and potassium fertilizer significantly
increased the plant height of rice plant (Bahmaniar and Ranjbar,
2007; Yadanar etal.,2018).

Number of tillers hill™

Effect of nitrogen: The results showed that the number of tillers
hill'* differed significantly at all growth stages due to nitrogen
fertilization at 1% level of probability (Figure 4). At tillering
stage, the highest number of tillers hill'1(7.38) was recorded
from 100 kg N ha™ followed by 50 kg N ha'l, and the lowest
number of tillers hill™ (5.66) was obtained from treatment O kg N
ha™. The results showed that 100 kg N ha* produced the highest
number of tillers hill"1(10.08) followed by 150 kg N hal, while
the treatment O kg N ha™* recorded the lowest number of tillers
hill '} (6.45) at heading stage. At physiological maturity stage, the
highest number of tillers hill"}(9.00) was achieved from 100 kg N
ha* followed by 150 kg N ha®, and the lowest number of tillers
hill'1(5.35) was found from treatment O kg N ha'. The number of
tillers hill'™* increased with increasing days after transplanting
due to application of different levels of N fertilization up to
physiological maturity stage. The highest number of tillers hill™
occurred due to the absorption of major nutrients, moisture and
also for availability of more sunlight during the growing season.
Fertilizer dose of nitrogen significantly increased the number of
tillers hill"* of rice and similar trend in number of tillers hill™* was
reported elsewhere (Paul etal., 2017; Roy and Paul, 2018; Jahan
etal., 2020).

Effect of potassium: Significant differences were observed for
producing number of tillers hill™? due to potassium fertilization
at all growth stages (Figure 5). Tiller production per hill
increased from tillering to physiological maturity stage. At
tillering stage, the highest number of tillers hill'*(7.33) was
recorded from 90 kg K ha™ followed by 60 kg K ha'* and 30 kg K
hal, and the lowest number of tillers hill™* (5.22) was obtained
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Figure 4. Effect of level of nitrogen on number of tillers hill** at different
growth stages of aromatic Boro rice (cv. BRRI dhan50).

from O kg K ha™. The results showed that 90 kg K ha' produced
the highest number of tillers hill"(9.66) followed by 60 kg K ha™,
while the treatment O kg K ha™® recorded the lowest number of
tillers hill't (7.62) at heading stage. At physiological maturity
stage, the highest number of tillers hill'*(8.52) was achieved
from 90 kg K ha™ followed by 60 kg K ha™®, and the lowest num-
ber of tillers hill'* (5.95) was found from 0 kg K ha™. Number of
tillers hill"* was significantly influenced and increased with the
application of potassium fertilization (Hartati et al., 2018). In
addition, Islam et al. (2015) revealed that there is always a scope
to increase tiller production with potassium fertilization beyond
80kgha™.

Effect of interaction between nitrogen and potassium:
Interaction between nitrogen and potassium fertilization had
significant effect at all growth stages in terms of number of
tillers hill'*(Table 1). At tillering stage, the highest number of
tillers hill'*(9.11) was recorded from 100 kg N ha™ along with 90
kg K ha™* followed by 100 kg N ha* along with 60 kg K ha™, 100
kg N ha* along with 30 kg K ha* and 50 kg N ha along with 90
kg K ha, and the lowest number of tillers hill"* (4.33) was ob-
tained from O kg N ha™* along with O kg K ha™. It was observed
that the highest number of tillers hill™*(10.83) was found from
100 kg N ha™ along with 90 kg K ha™* which was at par with 100
kg N ha™ along with 60 kg K ha™* and 150 kg N ha™ along with 90
kg K ha’, while the lowest number of tillers hill™* (5.50) was
obtained from 0 kg N ha™ along with O kg K ha™ at heading stage.
At physiological maturity stage, the highest number of tillers
hill'1(10.50) was achieved from 100 kg N ha™ along with 90 kg K
ha* which was statistically identical to 100 kg N ha™* along with
60 kg K ha’, and the lowest number of tillers hill"* (4.00) was
obtained from 0 kg N ha* along with 0 kg K ha™’. The number of
tillers hill"t increased significantly due to application of different
levels of N along with K fertilizer from heading to physiological
maturity stage. Yadanar et al. (2018) reported that the
number of tillers hill ™! increased significantly with the combined
application of nitrogen and potassium fertilizer.

12 ~ =0 =830 60

LSD p=<0.05

=00

=

Number of tillers hill-!

0 T |
Tillering Heading Physiological maturity

Growth stage

Figure 5. Effect of level of potassium on number of tillers hill"* at different
growth stages of aromatic Boro rice (cv. BRRI dhan50).

Leaf chlorophyll content (SPAD Value)

Effect of nitrogen: Chlorophyll content varied significantly due
to nitrogen fertilization at all growth stages (Figure 6). Chloro-
phyll content increased progressively with the advancement of
time from tillering to heading stage due to N fertilization and
then decreased at physiological maturity stage. At tillering
stage, the highest chlorophyll content (39.02) was observed
from 100 kg N ha™ followed by 150 kg N ha™ and 50 kg N ha™,
and the lowest chlorophyll content (32.63) was obtained from O
kg N ha. At heading stage, the highest chlorophyll content
(52.21) was recorded from 100 kg N ha™ followed by 150 kg N
hal, and the lowest chlorophyll content (38.85) was found from
0 kg N ha™. At physiological maturity stage, the highest chloro-
phyll content (43.76) was achieved from 100 kg N ha™* followed
by 150 kg N ha®, and the lowest chlorophyll content (35.63) was
observed from 0 kg N ha™. Paul et al. (2018) stated that leaf
chlorophyll content (SPAD Value) indicate the greenness of
leaves influencing the physiological functions and used as an
indirect indicator of crop nitrogen status.

Effect of potassium: Chlorophyll content was significantly influ-
enced by potassium fertilization at all growth stages at 1% level of
probability (Figure 7). Chlorophyll content increased progressive-
ly with the advancement of time from tillering to heading stage
due to K fertilization and then decreased at physiological maturi-
ty stage. At tillering stage, the highest chlorophyll content (38.85)
was observed from 90 kg K ha™ followed by 60 kg K ha™, and the
lowest chlorophyll content (33.21) was found from 0 kg K ha. At
heading stage, the highest chlorophyll content (51.54) was
recorded from 90 kg K ha™ followed by 60 kg K ha'®, and the low-
est chlorophyll content (41.52) was obtained from 0 kg K ha™. At
physiological maturity stage, the highest chlorophyll content
(43.15) was achieved from 90 kg K ha! which was statistically
identical to 60 kg K ha™, and the lowest chlorophyll content
(35.14) was observed from 0 kg K ha™®. Kundu et al. (2021) report-
ed that foliar application of organic potassium salts resulted in
enhanced chlorophyll content of rice (Oryza sativa L.).

T AEM



Newton Chandra Paul et al. /Arch. Agric. Environ. Sci., 6(3): 303-309 (2021)

——0 =830 100 =150

60 -
LSD p<0.05

50 4

Chlorophyll content
(73]
o
L

0 T T

Tillering Heading Physiological maturity

Growth stage

Figure 6. Effect of level of nitrogen on leaf chlorophyll content at different
growth stages of aromatic Boro rice (cv. BRRI dhan50).
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Figure 7. Effect of level of potassium on leaf chlorophyll content at different
growth stages of aromatic Boro rice (cv. BRRI dhan50).
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Figure 8. Interaction effects of level of nitrogen and level of potassium on leaf chlorophyll content at different growth stages

of aromatic Boro rice (cv. BRRI dhan50).

Effect of interaction between nitrogen and potassium

The interaction effect of nitrogen and potassium fertilization on
chlorophyll content from tillering to physiological maturity
stages was significant (Figure 8). Chlorophyll content increased
progressively with the advancement of time from tillering to
heading stage and then decreased at physiological maturity
stage. At tillering stage, 100 kg N ha™* along with 90 kg K ha™
recorded the highest value of chlorophyll content (42.29) which
was at par with 150 kg N ha™ along with 90 kg K ha™*, while the
interaction O kg N ha* along with 0 kg K ha™ produced the low-
est chlorophyll content (30.86). At heading stage, 100 kg N ha?
along with 90 kg K ha™ recorded the highest value of chlorophyll
content (58.28) which was statistically identical to 150 kg N ha™
along with 90 kg K ha™, while the interaction O kg N ha along
with 0 kg K ha™ produced the lowest chlorophyll content (32.87).
At physiological maturity stage, 100 kg N ha™ along with 90 kg K
ha! recorded the highest value of chlorophyll content (52.40)
followed by 100 kg N ha™ along with 60 kg K ha™, 150 kg N ha™*
along with 60 kg K ha* and 150 kg N ha* along with 90 kg K ha™?,
while the interaction 0 kg N ha™ along with 0 kg K ha™ produced
the lowest chlorophyll content (29.56).

Conclusion

The growth performance of BRRI dhan50 was different with
various concentrations of N and K. The present investigation
revealed that the tallest plant, the highest number of tillers hill™
and chlorophyll content were obtained from the application of
100 kg N ha™, and application of 90 kg K ha™ produced the
tallest plant at physiological maturity stage, the highest number
of tillers hill'* and chlorophyll content at heading stage. In inter-
action, application of 100 kg N ha™ along with 90 kg K ha™
produced the tallest plant, the highest number of tillers hill ™' and
chlorophyll content at heading stage. Therefore, it can be
concluded that aromatic Boro rice (cv. BRRI dhan50) can be
cultivated at 100 kg N ha™* along with 90 kg K ha™® for better
growth performance.
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