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ABSTRACT ARTICLE HISTORY
Considering the threats of climate change to rice production in Received 17 August 2024
Bangladesh, one of the most climate-vulnerable countries, Accepted 9 December 2024

initiatives to boost rice production and improve grain nutrition
are crucial. To identify the best rice variety, a field experiment
was conducted with a Randomised Complete Block Design in
slightly saline soil from December 2019 to April 2020. Six rice
varieties (Black rice, Violet rice, BRRI dhan47, BRRI dhan28, BRRI
dhan67 and Hybrid Hera dhan-6) were tested to evaluate growth,
yield and nutrient content. Black rice was the tallest one;
however, it produced the lowest tillers, leaves and shoots dry
weight. Conversely, Hybrid Heradhan-6 was one of the shortest
varieties and produced the highest tiller number and shoot dry
weight. Hybrid Hera dhan-6 also yielded a higher grain yield,
biological yield and harvest index and Black rice did the opposite.
There was a negative linear relationship of plant height with tiller
number and shoot dry weight and tiller number and biological
yield served as the major contributors to the grain yield. Hybrid
Hera dhan-6 also extracted the maximum amount of P and K.
Therefore, Hybrid Hera dhan-6 was the best rice variety in terms
of growth, yield and nutrient uptake.

KEYWORDS
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Introduction

Rice (Oryza sativa L.) is a vital grain crop that serves as the principal calorie supplier for
more than 50% of the world’s population, particularly in Asia (Adenle et al. 2019). In
Bangladesh, rice is a strategic commodity as it is crucial for food security, income,
employment and socio-political stability (Salam et al. 2019). Food security in Bangladesh
largely depends on rice as it provides 70% calories and 58% protein for its people (BBS
2019). Rice covers about three-fourths of the cultivable land in Bangladesh and contrib-
utes 46% to the agricultural gross domestic product (GDP) and 5% to the overall GDP of
the country (BER 2019, 2023). Bangladesh produces rice in three seasons e.g. Aus, Aman,
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and Boro in a year and ranks third among the rice-producing countries in the world. The
total rice production was 41.57 million metric tons in 2022-2023, with the contribution
of 3.69, 16.35 and 21.53 million metric tons from Aus, Aman and Boro seasons, respect-
ively (BER 2023) indicating the dominance of Boro rice. Farmers are increasingly motiv-
ated to cultivate Boro rice due to its shorter duration and higher profitability compared to
Aus and Aman rice (Mainuddin et al. 2021). Over the last decade, rice production par-
ticularly Boro rice has increased (BER 2023). However, Bangladesh is a small country
with an area of 148,460 square kilometres and it inhabits more than 174.4 million
people as of 24 November 2024 (https://www.worldometers.info/world-population/
bangladesh-population/). Although rice production has been increased, it is not
sufficient and Bangladesh imports rice to support domestic demand and stabilise
market prices (USDA 2021). Moreover, there are diverse environmental and socio-econ-
omic challenges that pose a risk to rice availability in the country (Jamal et al. 2022).

Southwest coastal Bangladesh is facing challenges like salinity intrusion, poor drai-
nage, flood, cyclone, water stagnation and atypical rainfall pattern for rice production
(Kabir and Golder 2017). Moreover, rice production in coastal areas has been affected
by drought, sea-level rise, waterlogging and unfertile land formation (Islam and
Hossain 2020). Therefore, resilient rice production is required to ensure food security
(Mondal et al. 2019). Although there is limited or no scope to increase the area under
rice cultivation, rice production must be increased to meet the increasing demand. It
is predicted that Bangladesh will require >47 million tons of rice for 215 million
people in 2050 and the Government of Bangladesh declared ‘Rice Vision 2050’ for ensur-
ing resilient rice production (BDP 2018). However, rice production has been hindered by
diversified environmental (rising temperature, irregular rainfall, salinity, flood, cyclone,
water logging, drought, freshwater scarcity and drawdown groundwater) and socio-econ-
omic (increasing population, decreasing cultivable land, small farms, low adaptive
capacity, consumer behaviour, price fluctuations and labour shortage) challenges
(Jamal et al. 2023). To overcome these challenges, strategies such as increasing yield,
increasing area under rice cultivation, decreasing yield gap, adapting hybrid/high yield-
ing varieties, stabilise input prices and stabilise the rice market are required (Jamal et al.
2023). Bangladesh has to ensure required rice production through growing high-yielding
varieties, adopting improved cultural practices, land reclamation and boosting cropping
intensity (Golder et al. 2014). In Batiaghata Upazila (southwestern part of Bangladesh) of
Khulna, farmers used to cultivate hybrid and local varieties as well as IRRI- and BRRI-
developed rice varieties. However, the production of cultivated varieties is not satisfac-
tory due to climate change, decreased pest resistance, the emergence of new pests and
salinity (Alotaibi 2023). To overcome this issue, farmers started cultivating new varieties.
Among them, the performance of six rice varieties, e.g. Black rice, Violet rice, BRRI
dhan28, BRRI dhan47, BRRI dhan67 and Hybrid Hera dhan-6 has been evaluated.
Although there is plenty of research information available on the particular rice varieties,
there is limited documentation on the comparative study of growth and yield attributes
along with the nutrient content of these rice varieties during the Boro season in the
coastal area of Bangladesh. Therefore, this study aimed to compare the growth, yield,
and nutrient content of six selected rice varieties in the southwest coastal area of
Bangladesh.


https://www.worldometers.info/world-population/bangladesh-population/
https://www.worldometers.info/world-population/bangladesh-population/
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Materials and methods
Field selection and soil analysis

The experiment was conducted from December 2019 to April 2020 at Batiaghata (south-
western coastal area) of Bangladesh, with GPS coordinates of 22°43'49.4” N and 89°
28'00.5”E (Figure 1). The soil samples were collected from the field for analysis before
tillage. The samples were air-dried, ground and sieved using a 2 mm sieve. Soil properties
including texture (Gee and Bauder 1986), pH (Jackson 1973), EC (Allison and Richards
1954), soil organic carbon (Walkley and Black 1934), available phosphorus (Olsen 1954),
available sulphur (Hunt 1980) and exchangeable sodium and potassium (Benton 2001)
were determined in the laboratory of Khulna University (https://ku.ac.bd/), Bangladesh.

Experimental design and cultural practices

Six rice varieties, namely BRRI dhan28, Black rice, Violet rice, BRRI dhan47, BRRI dhan67
and Hybrid Hera dhan-6, were put to test in the experiment. BRRI dhan28 has been cul-
tivated in this area for the past few years and Black rice and Violet rice were selected for
their high nutritional content. Seeds of BRRI dhan28, BRRI dhan47 and BRRI dhan67
were obtained from BADC, Khulna (https://badc.gov.bd/). Seeds of Hybrid Hera dhan-
6 (Supreme Seed Company, Bangladesh) were sourced from the market and Black rice
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Figure. 1. Map of the study area pointing to the location of the study field at Batiaghata A, Khulna of
Bangladesh. The red triangle shows the exact location of the study area at Batiaghata (yellow) which is
also shown within the map of Khulna B and the location of Khulna is also depicted within Bangladesh
map C. The Bay of Bengal (part of the Indian Ocean) is located to the south of Bangladesh D.


https://ku.ac.bd/
https://badc.gov.bd/

4 (&) S.S.ISLAMETAL.

and Violet rice from a farmer of Batiaghata. Black rice is named after its black grain (S1)
which is rich in proteins, vitamins and minerals (Fe, Zn, Mn and P) (Suzuki et al. 2004)
and contains higher minerals compared to white rice (Zhang 2000). The deep purple
colour of Black rice is due to the presence of high anthocyanin in the pericarp of the
seed (Ichikawa et al. 2001). The plant of the Violet rice is purple/violet with white
grain (S1). This variety has been cultivated in the Sherpur district of Bangladesh. Accord-
ing to the farmers, this is Boro rice that requires relatively less amount of fertiliser. Hybrid
Hera dhan-6 is a high-yielding hybrid Boro rice and is marketed by the Supreme Seed
Company (https://supremeseed.net/product/hybrid-hera-dhan-6/). BRRI dhan28, BRRI
dhan47 and BRRI dhan67 are high-yielding varieties released by Bangladesh Rice
Research Institute (BRRI) (https://brri.gov.bd/). BRRI dhan28 is a popular variety in
southern Bangladesh and BRRI dhan47 and BRRI dhan67 are salt tolerant to some
extent (http://krishi.gov.bd/variety/28; http://krishi.gov.bd/variety/32). First, rice seeds
were carefully cleaned in fresh water, soaked in a gunny bag for a whole day and then
allowed to sprout. Sprouted seeds were sown in the seed beds and one-month-old seed-
lings were transplanted in the field maintaining a 20 cm spacing between rows and 15 cm
spacing between plants following a Randomised Complete Block Design where the var-
ieties were replicated thrice. The unit plot was 12 m* (4 m x 3 m), with a 50 cm gap
between plots.

Each experimental plot was treated with N, P and K at a recommended rate (120, 70
and 30 kg ha™" respectively), with N (source: urea) administered in three stages [during
tillage, 35 days after transplanting (DAT) and 80 DAT] and the other nutrients were
applied twice (during tillage and at 80 DAT). Intercultural operations and pest control
were carried out as per requirement. The field remained submerged with 3-8 cm of
standing water until one week of harvesting.

Measurements of growth and yield attributes

Plant growth attributes (height, number of tillers and leaves and area of leaf) were
measured during growth [30, 60 and 90 days after transplanting (DAT)] and at
harvest. From each plot, five plants were selected at random and their heights were
measured using a scale. The tiller number and leaf number were counted manually
and the area of the leaf was estimated by multiplying the leaf length by the leaf width
(mean of three estimations). The plants were harvested when the grains matured and
approximately 90% got ripened. Yield attributes such as panicle no. hill™!, panicle
length (cm), filled, unfilled and total grain panicle™’, 1000 grain weight (g), grain yield
(tha™), straw yield (t ha™!), biological yield (t ha™!) and harvest index (HI) were calcu-
lated at harvest from randomly selected three plants for every plot.

The grains were threshed, cleaned and counted to determine the grain number (filled-,
unfilled- and total grains). Thousand-grain weight was determined at 13—14% moisture.
Biological yield and shoot dry weight were also calculated. Grain yield (GY) and straw
yield (SY) along with harvest index (HI) were estimated as follows.

k
GY orSY <—g2) x 10, 000
m

Grain/straw yield(tha™') = 1000

(1)


https://supremeseed.net/product/hybrid-hera-dhan-6/
https://brri.gov.bd/
http://krishi.gov.bd/variety/28
http://krishi.gov.bd/variety/32
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Grain yield

HI(%) = 100 (2)

Grain yield + straw yield X

Grain nutrient analysis

To assess grain nutrient content, clean grains were dried in an oven at 60°C for 24 hours,
ground and sieved. Total nitrogen (N) was estimated using the micro-Kjeldahl method
(Jackson 1973). To determine potassium (K), phosphorus (P), sulphur (S) and sodium
(Na), powdered specimens were digested in an acid mixture (HNOjz: HCIO4: 2: 1)
(Jackson 1973). Total P and S were determined following Murphy and Riley (1962)
and Hunt (1980) methods, respectively and K and Na were determined following the
Benton (2001) method. The grain nutrient uptake was calculated using the following
formula.
kg

Nutrient content in grain (%) x Grain weight (h—)
a

Grain nutrient uptake(kgha™') = 100

3)

Statistical analyses

Data were analysed following One-way analysis of variance (ANOVA) and F Test by the
statistical software IBM SPSS Statistics for Windows (Version 26.0.0.0) [IBM Corp.
(2020), Armonk, NY, USA]. The means were separated by the same statistical package
with Tukey’s HSD Test at a 5% level of probability. The figures have been constructed
using MS Excel (Microsoft Office 2016).

Results
Soil and climate of the study area

The soil was silty clay loam having 0.78% organic carbon, 6.70 pH and 3.73 dS/m EC
(Table 1) indicating the slight saline nature of the soil. The available N, P, K, S and Na

Table 1. Physicochemical properties of the studied soil.

Properties Values®
Texture Silty clay loam
Soil organic carbon (%) 0.78 +£0.03
pH 6.7 +0.00
EC (dS/m) 3.73+£0.17
Available N (ppm) 41.46 + 3.66
Available P (ppm) 21.17 £ 1.67
Available K (ppm) 311.12+29.54
Available S (ppm) 31.37 £5.06
Available Na (ppm) 1427.10 £52.39

*The numerical values are the mean + standard deviation of three measurements.
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contents of the soil were 41.46, 21.17, 311.12, 31.37 and 1427.10 ppm, respectively (Table
1). During the study period (18 December 201930 April 2020), the morning (9:00 HR)
minimum temperatures ranged from 6.50 to 27.30°C with a mean of 17.62°C and the
evening (18:00 HR) maximum temperatures ranged from 19.00 to 37.00°C with a
mean of 28.93°C (Figure 2). Similarly, the morning relative humidity (RH) varied
from 42 to 100% with a mean of 74.62% and the evening RH varied from 35% to 98%
with a mean of 61.68% (Figure 2). It rained 18 days out of 135 days and a total of
221 mm rainfall was recorded during the growing period and most of the rainfall
(179 mm) occurred in April, particularly in the last week of the month (Figure 2).

Growth attributes of rice

Growth attributes of rice varied significantly on different days after transplanting (DAT)
and at harvest. At 90 DAT, the tallest plant (114.89 cm) was recorded from Black rice pre-
ceded by BRRI dhan67 (108.44 cm), BRRI dhan28 (99.44 cm) and the shortest one from
Hybrid Hera dhan-6 (92.67 cm). At harvest, Black rice and Violet rice were the tallest
(119.33 cm) and shortest (99.50 cm) rice plants, respectively (Table 2). Hybrid Hera
dhan-6 displayed the highest number of tillers (40.66) and the lowest number of tillers

145

—e—Rainfall (mm) ——Min. temp. (°C) 9:00 HR
——Max. temp. (°C) 18:00 HR ——RH (%) 9:00 HR
——RH (%) 18:00 HR

120 A

95 1

70 %[

45

Rainfall (mm) (bottom panel)

20 4

RH (%) at 9:00 and 18:00 HR (top two panels)
Max. and min. temp. (°C) (middle two panels)

T,g,. A Ju

— 0 — O = O = O = O = O = O — O — O —
<t - N O O 00NN O = = AN AN N
— o e e e —

Growing peroid (days)

Figure. 2. Daily relative humidity (RH, %) at 9:00 and 18:00 HR (top two panels), minimal and maximal
temperatures (°C) at 9:00 and 18:00 HR (local time, time zone: UTC + 6 HR), respectively (middle two
panels), and daily rainfall (mm) (bottom panel) during the period of the experiment (18 December
2019-30 April 2020; the total growing period 135 days). Weather data were collected from Khulna
Meteorological Station, the nearest weather station to the experimental site.
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Table 2. Plant height of rice is affected by varieties on different days after transplanting (DAT).
Plant height (cm)

Variety

30 DAT 60 DAT 90 DAT At Harvest
Black rice 41.43 £2.90a 78.44 + 1.54a 114.89 £3.22a 119.33 £9.09a
BRRI dhan47 31.60+0.61b 70.22+231b 99.22+1.78c 111.17£2.71b
Violet rice 31.73+£1.28b 73.11 £ 2.42ab 95.78 £ 1.18cd 99.50 + 1.64d
BRRI dhan28 28.31+1.47bc 59.78 £ 1.79¢ 99.44 +1.17c¢ 103.17 + 3.60cd
BRRI dhan67 31.18 +2.75b 68.22 +2.02b 108.44 +3.32b 108.00 + 5.55bc
Hybrid Hera dhan-6 24.14 £0.94c 61.22£1.75¢ 92.67 £2.15d 102.50 + 7.40cd
p <0.01 <0.01 <0.01 <0.01

*The value represents the mean (average of six measurements) + SE (standard error). In each column, values not sharing
the same letter(s) differ significantly at p < 0.05.

Table 3. The number of tillers per hill of rice as affected by varieties on different days after
transplanting (DAT).

Variety *Tiller Hill™"

30 DAT 60 DAT 90 DAT At Harvest
Black rice 225+0.25 9.89 +0.35a 16.00 + 1.34a 26.67 + 2.94¢
BRRI dhan47 2.25+0.25 6.67 +0.73b 13.56 + 1.04abc 28.17 + 3.66bc
Violet rice 2.08+0.08 7.44+0.69b 11.00 + 0.85¢ 30.16 + 4.93bc
BRRI dhan28 2.25+0.25 9.67 +0.50a 15.22+1.35ab 33.30 £5.19b
BRRI dhan67 225+0.25 9.56 +0.88a 14.00 + 0.88abc 39.17 £ 4.83a
Hybrid Hera dhan-6 2.00+0.00 7.33+0.53b 12.00 + 0.78bc 40.66 + 5.54a
P 0.914 <0.01 0.016 <0.01

*The value represents the mean (average of six measurements) + SE (standard error). In each column, values not sharing
the same letter(s) differ significantly at p < 0.05.

obtained from Black rice (26.67) at harvest (Table 3). Leaf number per hill also varied
significantly among the kinds of rice; the highest leaf number per hill (107.83) was
obtained from BRRI dhan47 and the lowest from Black rice (55.0) at harvest (Table 4).
Similarly, the largest leaf area (46.24 cm®) was measured for BRRI dhan47 which was stat-
istically similar to Violet rice (44.47 cm?®) and the smallest leaf area (32.18 cm?) was
recorded from Hybrid Hera dhan-6 (Table 5). Hybrid Hera dhan-6 resulted in the
highest shoot fresh weight (334.65 g hill™") and shoot dry weight (104.91 g hill™") and
lowest shoot fresh weight (232.65 g hill™") and shoot dry weight (72.93 g hill™") were
obtained from Black rice (Figure 3). Plant height showed a negative linear relationship

Table 4. The number of leaves per hill of rice as affected by varieties on different days after
transplanting (DAT).

Variety Leaf hlll_1

30 DAT 60 DAT 90 DAT At Harvest
Black rice 5.33+0.80b 28.11+£1.24 69.22 £ 6.42a 55.00 +6.72b
BRRI dhan47 3.91+0.21b 22.00 +2.29 56.89 £ 4.93ab 107.83 £20.74a
Violet rice 742 +0.55a 2544 +2.26 49.56 + 4.66b 60.50 £ 13.07b
BRRI dhan28 717 +091a 28.67 +2.16 62.33 +3.67ab 102.67 = 10.80a
BRRI dhan67 5.25+0.63b 26.67 £2.41 70.78 £ 2.66a 98.50 = 14.34a
Hybrid Hera dhan-6 3.75+0.16b 22.11+£1.59 53.11+£4.59b 73.17 £ 20.98b
p <0.01 0.233 <0.01 <0.01

*The value represents the mean (average of six measurements) + SE (standard error). In each column, values not sharing
the same letter(s) differ significantly at p < 0.05.
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Table 5. The leaf area of rice is affected by varieties on different days after transplanting (DAT).
?Leaf area (cm?)

Variety

30 DAT 60 DAT 90 DAT At Harvest
Black rice 16.85+2.39a 40.53+1.27b 38.22+2.44b 35.87 + 3.40bc
BRRI dhan47 8.77£0.51b 38.92 +1.56b 48.82+3.19 46.24 +5.20a
Violet rice 8.56 £ 0.57b 45.10 £ 1.26a 47.31+297a 44.47 £ 4.68a
BRRI dhan28 6.77 £1.35b 38.40 £ 0.85b 31.94 +1.50b 34.42 +£3.77bc
BRRI dhan67 8.18+1.77b 4136+ 1.48b 46.99 +2.63a 38.57 +3.68b
Hybrid Hera dhan-6 5.00 +£0.26b 26.95+0.75¢ 39.25+2.79% 32.18 £2.15¢
P <0.01 <0.01 <0.01 <0.01

*The value represents the mean (average of six measurements) + SE (standard error). In each column, values not sharing
the same letter(s) differ significantly at p < 0.05.

400 120

g A a ~ B a
2 =
300 = b
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5 5
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£ S 40 1
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Q <}
2 =
= 7]
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Black BRRI Violet BRRI BRRI Hybrid Black BRRI Violet BRRI BRRI Hybrid
rice dhan47 rice dhan28 dhan67 Hera rice dhan47 rice dhan28 dhan67 Hera
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Figure. 3. Rice shoot fresh weight (g hill™") A and dry weight (g hill™") B as affected by varieties. A bar
of a figure (e.g. Fig. A) having a dissimilar letter (s) varied statistically at a 5% level of probability. The
error bar represents the mean + standard error of three measurements.

with tiller number (R*>=0.25) and shoot dry weight (R*=0.21). However, tiller number
had a quadratic relation with shoot dry weight (R* = 0.55) and biological yield (R*= 0.78)
(Figure 4).

Yield attributes of rice

The number of panicles, filled grain and total grain and weight of 1000 grain varied sig-
nificantly among the varieties (Table 6). Hybrid Hera dhan-6 produced the highest
panicle no. hill™", filled grain panicle”’ and total grain panicle”" except for BRRI
dhan67 which had statistically similar panicle number of Hybrid Hera dhan-6. Black
rice produced the lowest number of panicles and the total number of grains in a
panicle. However, Violet rice had the highest 1000-grain weight (27.9 g) and BRRI
dhan67 produced the lowest grain weight (20.4 g) (Table 6). The panicle length and
unfilled spikelet panicle™" did not vary among the varieties. The variety Hybrid Hera
dhan-6 significantly yielded the highest economic (yield) and biological yields and, there-
fore, HI (Figure 5). However, the HI of BRRI dhan67, BRRI dhan47 and Violet rice were
statistically similar to Hybrid Hera dhan-6. Black rice generally had the lowest economic
(grain) and biological yields, and consequently, the lowest HI (Figure 5). Grain yield
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Figure. 4. Relationship of rice tiller number with plant height A, shoot dry weight with plant height B,
shoot dry weight with tiller number C and biological yield with tiller number D as affected by varieties.
The dotted lines are fit by either linear or quadratic regressions.

Table 6. Yield attributes of rice as affected by the varieties at harvest.

Panicle Panicle Filled grain Unfilled spikelet Total grain 1000 grain
Variety® no. hill™ length (cm) panicle™ panicle™ panicle™ weight (g)
Black rice 248 £1.2¢ 256+0.2 154.3 £ 20.4b 10.7 £4.9 165.0 = 15.6b 25.5+0.3c
BRRI 25.5+ 1.6bc 233+04 134.0 + 15.6b 41.0+£15.7 175.0 £ 22.5b 26.6 £0.2b
dhan47
Violet rice 29.7 +2.0b 239106 1713 +14.4b 21.3+£09 192.7 £ 13.5b 27.9+0.2a
BRRI 30.3+29b 28.1£0.6 153.7£2.7b 19327 173.0+1.2b 20.9+0.2e
dhan28
BRRI 36.5+1.7a 258+04 164.0 £ 6.2b 12.7+£29 176.7£7.3b 20.4+0.2e
dhan67
Hybrid Hera  36.8 +3.1a 25.1+£03 2123 +8.7a 503 +£194 262.6 = 14.3a 247 £0.1d
dhan-6
p <0.01 0.102 0.019 0.106 <0.01 <0.01

®The value represents the mean (average of three measurements) + SE (standard error). In each column, values not
sharing the same letter(s) differ significantly at p < 0.05.

showed a quadratic, decreasing trend with plant height (R*=0.37) and a linear, increas-
ing trend with shoot dry weight (R*=0.78) (Figure 6A-B). Grain yield also exhibited a
quadratic, increasing trend with tiller number, panicle number, filled grain number
and biological yield (Figure 6C-F). The R* values were 0.87, 0.81, 0.76 and 0.96 for
tiller number, panicle number, filled grain number and biological yield, respectively
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indicating that these attributes are important components for explaining the variations
in grain yield and among them, the contribution of biological yield is the maximum
(Figure 6).

Rice nutrient content and uptake

Rice grains varied in nutrient content and nutrient uptake. Black rice had the highest level
of N (1.26%) and the lowest N (0.57%) was obtained from Hybrid Hera dhan-6. Violet
rice contained the highest concentration of P (0.37%) and S (0.39%) and BRRI dhan67
had the highest concentration of K (0.44%) and Na (0.28%) (Table 7). The highest
amount of N (126.6 kg ha™') was extracted by the Black rice and the lowest by BRRI
dhan47 (62.7 kg ha™"). However, Hybrid Hera dhan-6 took up the highest amount of
P (45.4 kg ha™) and K (65.9 kg ha™). Though all the varieties had taken up a similar
amount of S, Black rice obtained the lowest amount of Na (15.6 kg ha™') and the
highest Na was by the Violet rice (29.6 kg ha™!) (Table 8).

Discussion
Soil and climate

The analyses confirmed that the studied soil is a silty clay loam textured with low organic
carbon, high soil pH and slight saline (EC 3.73 dS/m). Similar findings were reported by
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ha™") F as affected by varieties. The dotted lines are fit by either quadratic or linear (shoot dry
weight) regressions.

other studies (Hanif et al. 2013; Islam and Hossain 2020). The coastal soil of Bangladesh
is characterised by low N and P but high Na content (Haque 2006; Hasan et al. 2019). The
high average temperatures (18.29°C at 9:00 HR and 29.39°C at 18:00 HR) and high
average RHs (74.59% at 9:00 HR and 60.39% at 18:00 HR) indicate the warm and
humid nature of Bangladeshi weather (Nahida et al. 2024). The scanty rainfall during
January and February shows the dry nature of Bangladeshi winter. However, more rain-
fall in the last week of April specifies a wet summer — the characteristic summer in
Bangladesh.
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Table 7. Grain nutrient content of rice is affected by the varieties.

Grain nutrient content (%)?

Variety N P K S Na
Black rice 1.26 £0.01a 0.32+£0.07ab 0.33+£0.012bc 0.31+£0.02bc 0.16 £0.01c
BRRI dhan47 0.70+0.01b 0.25+0.01c 0.33+0.02bc 0.35+0.01ab 0.24+0.01b
Violet rice 0.68 + 0.00b 0.37 £ 0.05a 0.29+0.01c 0.39+0.02a 0.26 + 0.00b
BRRI dhan28 0.67 +0.00b 0.29 +0.00b 0.41 + 0.04ab 0.27 £ 0.04cd 0.14+0.01c
BRRI dhan67 0.68+0.01b 0.34+£0.07ab 0.44 +£0.05a 0.34 £+ 0.02abc 0.28+0.01a
Hybrid Hera dhan-6 0.57 £0.0c 0.27 £0.01b 0.39 +0.02abc 0.22 £0.02d 0.15+0.01c
p 0.000 0.026 0.038 0.002 0.000

*The value represents the mean (average of three measurements) + SE (standard error). In each column, values not
sharing the same letter(s) differ significantly at p < 0.05.

Table 8. Grain nutrient uptake rice of rice is affected by the varieties.
®Nutrient uptake (kg ha™")

Variety N P K S Na
Black rice 126.6 +3.3a 31.6 +1.8c 33.4+3.1bc 31.2+£25 15.6 = 0.6¢
BRRI dhan47 62.7 £5.7¢ 229+23d 30.2+6.1c 31.7+£3.7 21.5+ 2.2bc
Violet rice 78.1 £ 8.5bc 41.1£3.8ab 33.5+3.9bc 439+3.2 29.6 +3.6a
BRRI dhan28 82.1+7.2bc 35.8 +2.9bc 50.3 +6.1ab 33.6+4.6 17.3+0.4c
BRRI dhan67 63.1+5.8¢c 31.5+2.2c 41.3+8.2bc 31.8+7.1 26.1 +2.2ab
Hybrid Hera dhan-6 96.3+7.8b 454+ 1.6a 659+2.1a 37517 25.1 +0.8ab
p <0.01 <0.01 <0.01 0.285 <0.01

*The value represents the mean (average of three measurements) + SE (standard error). In each column, values not
sharing the same letter(s) differ significantly at p < 0.05.

Rice growth attributes

The height of the rice plants varied among the varieties and the tallest and shortest rice was
Black rice and Violet rice, respectively. Variation in plant height is due to differences in inter-
node length which is attributed to an increase in cell number and cell size (Mahmood et al.
2019; Chowhan et al. 2021). The tallest rice (Black rice) produced the lowest tillers and leaves
resulting in the lowest shoot weights (fresh weight and dry weight). Conversely, one of the
shortest kinds of rice (Hybrid Hera dhan-6, second to Violet rice) produced the highest tillers
leading to cause highest shoot weight indicating a trade-oft of rice plant height with tiller
number and shoot dry weight (Figure 4). If rice is tall, it may produce a small number of
tillers compared to a short statured-rice and vice-versa. Similarly, plant height was the
inverse of rice tiller number (Liao et al. 2019). However, rice tiller number increased
shoot dry weight and biological yield though the contribution to biological yield was
more pronounced than shoot dry weight (Figure 4). The variations in tiller number and
thus plant height, shoot dry weight and biological yield are mainly due to genetic makeup
of the varieties (Yan et al. 2023). In the present study, Hybrid Hera dhan-6 produced a
maximum number of tillers which resulted in the highest shoot fresh weight and dry
weight. Similarly, Hybrid Hera dhan-6 performed better than other (local or non-hybrid)
rice varieties regarding growth attributes of rice (Rahman et al. 2017; Mahmood et al.
2019) mainly through producing a maximum number of tillers.

Yield and yield contributing attributes of rice

Hybrid Hera dhan-6 was superior in terms of economic yield (grain) and biological yield
and it showed the highest HI that established it as the best variety among the six rices in
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this study. Hybrid Hera dhan-6 produced the highest grain yield by producing a
maximum number of panicles in a hill, a maximum number of filled grains in a
panicle and a maximum total grains per panicle. The highest tillers in a hill led to produ-
cing the maximum straw yield of Hybrid Hera dhan-6. The combination of the highest
grain and straw yields resulted in the maximum biological yield which was mainly attrib-
uted to the tiller number of Hybrid Hera dhan-6 (Figure 4D) and HI of this variety was
the maximum as it is a ratio of grain yield and biological yield. HI reflects the transfer of
dry matter to the economic part of a crop (Islam et al. 2008; Khan et al. 2023) and varies
among the varieties (Jahan et al. 2014). The opposite results have been obtained for Black
rice as it produced a minimum number of tillers, panicles and total grains that resulted in
the lowest economic (grain) yield and subsequently, minimum HI. Yield and yield attri-
butes of rice are mainly governed by the genetic constitution of a variety (Dutta et al.
2002; Chowhan et al. 2021). In the present study, the major contributor to grain yield
is biological yield (R*=0.96) followed by tiller number (R*>=0.87), panicle number
(R*=0.81), shoot dry weight (R*=10.78) and filled grain number (R*=10.76) (Figure 6).
Similarly, biological yield was the major contributor (R*=0.93) to the grain yield of
six aromatic rice varieties (Islam et al. 2013) suggesting significant contribution of bio-
logical yield to the economic yield. Moreover, biological yield, number of filled grains
and HI had a positive association with rice grain yield (Fentie et al. 2021). Now, the
tiller number is a great contributor to the biological yield (R*=0.78) establishing the
tiller number as the main contributor to the grain yield. Similarly, the high grain yield
of certain rice genotypes was often determined by a higher number of tillers and panicles
(Feng et al. 2007; Huang et al. 2020) as was reported in the present study for Hybrid Hera
dhan-6 and tiller production served as a critical factor for panicle development in rice
(Wang et al. 2017).

Variations in straw yield may be attributed to available carbohydrates, vegetative
growth and genotypic differences (Hasanuzzaman et al. 2009; Norman et al. 2013).
Plant height, duration of plant production, ineffective tiller production and foliage pro-
duction of rice cultivars can result in variations in straw yields. Similarly, rice straw yield
might vary because of the height of the plant and the weight of the straw and the vari-
ations were variety-dependent (Islam and Salam 2018). Thousand-grain weight of rice
also varied due to varieties and the interaction of varieties and environments (Baral
et al. 2020). Moreover, variations in the total number of grains and filled grains are
dependent on genetics, environment and cultural management approaches (Kusutani
et al. 2000; Sohel et al. 2010; Kiani and Nematzadeh 2012; Akram et al. 2013; Sarkar
2014; Chamely et al. 2015; Nahar et al. 2018). Hybrid Hera dhan-6, in the present
study, produced the highest grain yield among the varieties by producing the highest
number of panicles, filled grains and total grains and these results are supported by
other studies which reported that Hybrid Hera dhan-6 was superior regarding yield
and vyield attributes compared to the other varieties (Ashrafuzzaman et al. 2009; Roy
et al. 2014; Mahmood et al. 2019).

Nutrient content and uptake of rice varieties

The nutrient content of rice grain varied among the varieties and it ranged from 0.25% to
0.37% for P, 0.29% to 0.44% for K, 0.22% to 0.39% for S and 0.15% to 0.28% for Na.
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However, the N content of grains ranged from 0.57% (Hybrid Hera dhan-6) to 1.26%
(Black rice) i.e. the N content of Black rice was more than twice (2.21 times) than that
of Hybrid Hera dhan-6. However, Hybrid Hera dhan-6 contains higher phosphorus
and potassium that may contribute to its better grain yield compared to other varieties.
The higher nitrogen uptake by Black rice is due to the existence of pigments in its grain
(Karkee et al. 2019; Dhankhar and Kaur 2023). Moreover, Black rice contains high pro-
teins, minerals, vitamins, antioxidants and polyphenols compared to common white rice
(Das et al. 2023; Idrishi et al. 2024; Khatun and Mollah 2024). Nutrient uptake of rice
depends on nutrient availability, photosynthesis, carbohydrate accumulation, dry
matter production, enzyme activity, genetic potentiality and growth hormone. The trans-
location of dry matter from vegetative parts to the panicle resulted in fluctuations in
nutrient uptake (Huang et al. 2017; Zeng et al. 2019). Among the varieties, Violet rice
contains more sulphur and sodium which might be attributed to its genetic makeup
and salt-tolerant capacity.

Conclusion

Hybrid Hera dhan-6 demonstrates the best growth and yield performances mainly
through the production of a maximum number of tillers. A higher number of tillers
leads to producing a higher number of panicles, a higher number of filled grains per
panicle and a higher number of total grains per panicle that ultimately maximise the
grain yield of this variety. A higher number of tillers also results in higher biological
yield which also contributes to higher grain yield. Hybrid Hera dhan-6 also results in
the highest harvest index (48.7%). However, plant height is inversely linked with tiller
number and shoot dry weight and Hybrid Hera dhan-6 is one of the shortest (second
only to Violet rice) rice in the study. Hybrid Hera dhan-6 also contains a higher
amount of P and K which may also contribute to the higher grain yield. Therefore,
Hybrid Hera dhan-6 with superior growth and yield potentialities can be chosen for
rice production in the southwest coastal area of Bangladesh. However, further research
needs to be conducted to get the final recommendation.
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