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Field experiment was conducted to evaluate the performance of different rice cultivars in terms
of growth, nutrient uptake and productivity at Regional Research Station (Coastal Saline Zone),
Bidhan Chandra Krishi Viswavidyalaya, Kakdwip, South 24-Parganas, West Bengal during the
rainy seasons of 2015 and 2016. High yielding rice cultivars - Pratikshya, Santoshi, Sabita, Super
Shyamali and Swarna Masuri, indigenous non-aromatic cultivars - Black rice, Dudheswar and
Kerala Sundari and aromatic rice cultivars - Radhatilak and Gobindabhog were evaluated. The
indigenous rice cultivars produced taller plants, while the HYVs produced higher dry matter m2
and number of tillers plant'. The HYV Santoshi out yielded all other tested cultivars by producing
significantly higher grain yield, which was followed by other two HYVs ‘Pratikshya’ and ‘Super
Shyamali. The macronutrient concentration (N, P and K) in rice grain was significantly higher in
indigenous aromatic and non-aromatic rice cultivars than HYVs. Multiple linear regression analysis
of grain and straw yield as a dependent variable showed that grain N concentration and straw P
concentration had a positive non-significant relationship with grain and straw yield, respectively.

(Key words: Aromatic rice, Coastal eco-system, High yielding variety, Indigenous non-aromatic rice, Nutrient

uptake, Yield)

With growing prosperity and urbanization, the
total area under rice cultivation in India as well as in
the State of West Bengal is decreasing at rapid rate;
however, the demand for rice in the future is bound
to increase with the growing population (Banerjee
and Pal, 2011). Predominantly medium and low land
situation in the eastern part of the country left no other
option for farmers but to go for rice cultivation in rainy
season. West Bengal, the rice bowl of the country, is
the richest reservoir of rice bio-diversity. However, in
this state, the expected demand for rice by 2020 AD
will be around 17.6 million tonnes, which is nearly 16
percent more than the present production level of 14.9
million tonnes (Mondal et al., 2012).

Under the coastal ecosystem, rice is grown in
about 10 lakh ha, which accounts for nearly 17% of
the total rice area in the state. In these areas, farmers
grow mostly low yielding traditional rainfed or long
duration rice varieties (145—150 days) during wet
season, leaving most of the lands fallow during dry
season (mono-cropping) (Banerjee et al., 2017). The

production of rice is not satisfactory due to aberrant
weatherconditions coupled with non-availability
of high-yielding varieties (Mondal et al., 2012).
Moreover, growth and productivity of rice in tropical
coastal areas are adversely affected by various
abiotic stresses, including water stagnation (medium-
deep, 25-50 cm for most of the season), flash floods
(complete submergence for 1-2 weeks) and varying
levels of soil and water salinity (Islam et al., 2016).
Based on rice productivity, South 24-Parganas district
ranks 12th amongst all rice growing districts of West
Bengal (Adhikari et al., 2011). Considering the
demand-supply gap of rice in this district, still there
is huge growth potential in this segment. Adoption of
different superior rice varieties could be effective for
narrowing down the yield gap and boosting the rice
yield under coastal eco-system. Taking cognizance
of the above facts, the experiment was undertaken to
understand the variation in growth, yield and nutrient
(N, P and K) acquisition pattern of rice cultivars in
rainy season under coastal belt of West Bengal.
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MATERIALS AND METHODS

Field experiment was conducted during two
consecutive rainy seasons of 2015 and 2016 at
Regional Research Station (Coastal Saline Zone),
Bidhan Chandra Krishi Viswavidyalaya, Kakdwip,
South 24-Parganas, West Bengal (22°40" N latitude,
88°18 E longitude and 7 m above mean sea level). The
maximum and minimum air temperatures fluctuated
from 24.4 to 31.8°C and from 11.5 to 20.6°C during
rainy season of 2015, and from 24.9 to 32.1°C and
from 12.3 to 20.4°C during rainy season of 2016,
respectively. The maximum and minimum air relative
humidity prevailed between 86.7-88.5% and 34.5-
59.5% during 2015, and 84.5-85.8% and 48.5-63.0%
during 2016. The rainfall during the experimental
period (July to November) was 22.4 and 15.8 cm
during 2015 and 2016, respectively. The soil was clay
in texture with pH 5.84, EC ,, 1.55dS m!, available
N 155.24 kg ha’!, available P 105.76 kg ha' and
available K 365.86 kg ha! in the 0-30 cm layer.

The experiment was arranged in randomized
complete block design with three replications, with
individual gross plot area of Sm x 4m. High yielding
rice cultivars (Pratikshya, Santoshi, Sabita, Super
Shyamali and Swarna Masuri), indigenous non-
aromatic cultivars (Black rice, Dudheswar and Kerala
Sundari) and aromatic cultivars (Radhatilak and
Gobindabhog) were evaluated (Table 1). Seedlings of
25 days old were manually transplanted on August 2
and August 5 during 2015 and 2016, respectively, at
a spacing of 20 cm x 20 cm with 3-4 seedlings per
hill. A uniform fertilizer dose of 60 kg N (as urea), 30
kg P,O,(as single super phosphate) and 30 kg K,O(as
muriate of potash) was applied. Half dose of urea was
applied as basal and rest amount in two equal splits
at 21 and 42 days after transplanting (DAT). Entire
amount of SSP were given as basal i.e. at the time
of final land preparation. MOP was applied in two
splits — 75% as basal and rest 25% as top dressing (42
DAT). Other agronomic management practices were
followed based on recommended standards for the
region and were applied uniformly across all tested
cultivars (Sarangi et al., 2016).

The collected data were analyzed statistically by
the analysis of variance (ANOVA) technique using
the STAR Software version 2.0.1 (International Rice
Research Institute, Philippines, 2013). The significant
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difference between treatments means was tested by
the Duncan’s multiple range test (DMRT) at p<0.05.
Linear regression - enter method was intervened using
SPSS ver. 20 software to establish the relationship
between yield and nutrient concentration. To predict
the presence of auto-correlation in the residuals of
such regression models, Durbin-Watson statistics
were used as per Ghasemi et al. (2010). Agglomerative
Hierarchical Clustering was done using XLSTAT
2017.

RESULTS AND DISCUSSIONS
Growth attributes

Significant variations in different growth
parameters were observed amongst different tested
cultivars (Table 2). The aromatic rice cultivars were,
21.8 and 5.1% taller than the HY Vs and indigenous
non-aromatic cultivars, respectively, while the
maximum average plant height was observed for
Gobindabhog followed by Sabita. The indigenous
cultivars are very much prone to lodging because of
their height resulting into greater yield loss, which is
less common for HY Vs. Different mechanical cells
in the lodging susceptible varieties were found to be
significantly larger than those of the lodging resistant
varieties (Joarder and Eunus, 1981). Major part of
the culm is occupied by hollow pith in traditional
cultivars (Sarwar and Prodhan, 2000). On the other
hand, higher number of vascular bundles in the inner
circle probably gives lodging resistance to modern
HYVs. Moreover, a thick culm may also act as a
carbohydrate store for high yield in rice (Hirose
et al., 2006). Biomass accumulation is a good
measure of competitive success, because it reflects
resource capture under the interference of neighbours.
Unlike plant height, the maximum average dry
matter accumulation was greater for indigenous non-
aromatic cultivars, accounting 10.6 and 26.8% more
than HY Vs and aromatic cultivars, respectively. But
‘Super Shyamali’ produced significantly higher dry
matter followed by ‘Black rice’ and ‘Kerala Sundari’.
Indigenous non-aromatic rice cultivars produced
higher number of tillers hill”, accounting 10.0 and
29.4% more than HYVs and aromatic cultivars,
respectively. The HYV ‘Santoshi’ was capable of
producing maximum number of tillers hill!, and
it was statistically at par with Pratikshya, Kerala
sundari, Super Shyamali and Dudheswar. However,
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HYVs produced a greater number of panicles plant’,
accounting 5.9 and 41.7% more than indigenous non-
aromatic and aromatic cultivars, respectively. The
HYV Pratikshya produced significantly higher number
of panicles plant’!, which was statistically at par with
that ofthe cultivars Santoshi and Super Shyamali.

Yield attributes and yield

The HY Vs performed better than indigenous non-
aromatic and aromatic rice cultivars with respect to
yield attributes and yields (Table 3). Amongst all the
tested cultivars, Santoshi recorded the significantly
higher panicle length, panicle weight, number of
filled grains per panicle and test weight. The average
grain yield was higher for HYVs, accounting 47.0
and 141.4% more than indigenous non-aromatic and
aromatic cultivars, respectively. Consequently, the
maximum grain yield was obtained with Santoshi
followed by another two HY Vs Pratikshya and Super
Shyamali. However, the higher average straw yield
was recorded for indigenous non-aromatic cultivars,
accounting 17.6 and 60.0% more than HYVs and
aromatic cultivars, respectively. The Black rice
produced maximum amount of straw followed by that
of Sabita and Dudheswar. The trend for harvest index
was similar to that of grain yield. Mondal ez al., (2012)
also recorded significantly better performance of high
yielding rice (cv. Narendra dhan) than the traditionally
grown cultivars with respect to yield attributes and
yield. Comparatively poor yield of indigenous non-
aromatic and aromatic rice cultivars might have been
associated with undesirable traits like susceptibility to
pests and diseases, and strong shedding (Bemer and
Hoft, 1986).
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Nutrient uptake

Irrespectiveofrice cultivarstested, N accumulation
in grain was higher than P and K accumulation
whereas K accumulation in straw was higher. The N
and P concentrations in rice grain were significantly
higher in indigenous non-aromatic rice cultivars,
accounting 5.6 and 15.9% more than that of aromatic
and HY Vs for N, and 4.2 and 13.6% for P, respectively.
But indigenous aromatic rice cultivars accumulated
higher K, amounting 5.9 and 20.0% more than that
of indigenous non-aromatic and HYV respectively
(Fig. la). Amongst the tested rice cultivars, the
highest N concentration in grain was recorded in
Gobindabhog, while both Black rice and Radhatilak
exhibited the highest P accumulation in grain.
However, the maximum K content in rice grain
was found in Dudheswar. On the other hand,
significantly higher straw N concentration was found
in HYVs, accounting 15.4 and 25.0% more than
indigenous aromatic and non-aromatic rice cultivars,
respectively. The indigenous non-aromatic rice
cultivars accumulated higher amount of P and K in
straw accounting 12.5 and 28.6% more than that of
aromatic and HYVs for P, and 4.1 and 23.1% more
that HY Vs and aromatic cultivars for K, respectively
(Fig. 1b). Thisresultindicated that grain yield of HY Vs
ismoderately dependent on NPK concentration in grain
and straw, and increase in total NPK concentration
might have enhanced grain yield. However, total
(grain + straw) NPK concentration was not a
good indicator of the yield response of indigenous
aromatic or non-aromatic rice cultivars. To date, little
information is available concerning the yield and high
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nutrient use efficiency (NUE), and their relationship
with NPK accumulation and utilization characteristics
for indigenous aromatic or non-aromatic rice. Only
few earlier studies revealed that higher K accumulation
in its straw increases lodging resistance (Yang et al.,
2004). Among HY Vs, significantly higheramount of
N, P and K concentration in rice straw was found in
Santoshi, Pratikshya and Swarna masuri, respectively.
Multiple linear regression analysis of grain and straw
yield as a dependent variable showed that grain N
concentration and straw P concentration had positive
non-significant relationship with grain and straw
yield, respectively (Table 4). Therefore, contribution
of these factors could only bring little improvement
in grain and straw yield, but not in a significant way.

Hierarchical clustering

Agglomerative Hierarchical Clustering (AHC) was
performed for clustering the different homogeneous
groups of rice cultivars on the basis of grain yield
(Ward, 1963). Based on AHC a nalysis, a dendrogram
is illustrated in Fig. 2 which reveals that 10 different
types of rice cultivars (HY'V, indigenous non-aromatic
and aromatic) were grouped into three -clusters
based on cut off value of the average dissimilarity
at 1.70. Cluster I included three superior HY Vs
(Pratikshya, Santoshi and Super Shyamali), Cluster
IT was comprised of two HYVs (Sabita and Swarna
Masuri) and one indigenous rice cultivar (Black rice)
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Fig. 2. Clustering of tested rice cultivars based on their
yield by Agglomerative Hierarchical Clustering using
Euclidean dissimilarity distance

and Cluster III included rest other indigenous non-
aromatic and aromatic rice cultivars (Dudheswar,
Kerala sundari, Radhatilak and Gobindabhog). The
class statistics of different rice cultivar obtained
from AHC analysis has been presented in Table 5.

Based ontheresults of Agglomerative Hierarchical
Clustering (AHC) of tested rice cultivars, it can
be concluded that three HYVs namely Pratikshya,
Santoshi and Super Shyamali belong to same cluster
which showed superiority over other cultivars with
respect to grain yield. Moreover, the higher grain yield
could be obtained with Santoshi followed by Pratikshya

Table 4. Relationship between yield and nutrient content of tested rice cultivars (Based on pooled data of 2015 and 2016)

Relationship R? Adj. R? SEest | Durbin-Watson
Grain yield = 1.15 Grain Nitrogen - 40.38 Grain Phosphorus - 0.312 -0.032 1.42 1.46
13.24 Grain Potassium + 14.73
Straw yield = -2.43 Straw Nitrogen + 4.09 Straw Phosphorus - 0.17 -0.28 1.17 0.82
0.98 Straw Potassium + 6.60

Table 5. Class statistics of Agglomerative Hierarchical Clustering
Class I II m
Rice Cultivars Pratikshya, Santoshi, | Sabita, Swarna Masuri, Dudheswar, Kerala Sundari,

Super Shyamali Black rice Radhatilak, Gobindabhog

Within-class variance 0.120 0.053 0.291
Minimum distance to centroid 0.200 0.050 0.263
Average distance to centroid 0.267 0.167 0.438
Maximum distance to centroid 0.400 0.250 0.613
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and Super Shyamali. The highest N concentration
in grain was recorded in Gobindabhog, while both
Black rice and ‘Radhatilak’ exhibited the highest P
accumulation in grain. However, the maximum K
content in rice grain was found in Dudheswar. Hence,
it can be inferred that the productivity of rice under
coastal ecosystem of West Bengal, particularly during
Kharif season, could be increased through selection
of suitable cultivars and their cultivation with site-
specific approach.
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