
Page 1/13

Phenotyping of boro rice (Oryza sativa L.) cultivars
in Assam based on its potential yield and variable
component traits
Amit Kumar Pradhan 

Gauhati University
Bhaben Tanti  (  btanti@gauhati.ac.in )

Gauhati University https://orcid.org/0000-0002-7594-4562

Research Article

Keywords: boro rice, cultivar, grain yield, component traits, �ood, sali rice

Posted Date: December 14th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1151795/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1151795/v1
mailto:btanti@gauhati.ac.in
https://orcid.org/0000-0002-7594-4562
https://doi.org/10.21203/rs.3.rs-1151795/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
The current environmental scenario and increased average yield rate has marked boro rice cultivars as a
potent rice cultivar during rabi season. It serves to be an alternative to traditional sali rice and an escape
to �ood problems. The selection and development of potent boro rice cultivar among its diverse types has
been an issue. In this study, 117 traditionally grown boro rice cultivars in different low-lying areas and
newly developed irrigated areas of Assam were analyzed. The cultivars were analyzed based on yield and
related component traits as per the standard evaluation system for rice. Grain yield and its related
component traits showed a signi�cant relationship among the cultivars. All the traits analyzed showed
positive relationship with grain yield and harvest index except to time taken for �owering and maturity.
Based on total yield, principal component and cluster analysis, Bahurupi, PSB 68, Mandhya Vijaya,
Bahunipi, Pathariya showed to be best performing cultivars, with high yield and higher component traits
performance. This study marks the signi�cant association of grain yield with its component traits and
further provides an insight to the selection of rice cultivars for breeding programmes.

Introduction
Rice (Oryza sativa L.) is one of the most staple foods of more than three billion people in the world. It is
the leading food source in terms of calories being consumed by mankind and feeds about 60% of the
world’s population (FAO 2007). With the advancement in agricultural techniques, the productivity of rice is
increasing at a rate of 1% per year. But as per recent reports, the required rate of rice production has
reached 2.4% per year to meet the global need (Varshney et al. 2011).

Among all the rice growing continents in the world, Asia alone produces about 95% of the world’s rice that
contributes to 40-80% of the calorie intake (Bagheri et al. 2013). India is also one of the highest rice
producing countries in the world which supplies nearly half of the total world rice production (Anonyms
2012). Assam state, in Northeast (NE) India with dynamic climatic and physiographic features offers
favorable conditions for rice cultivation. Rice is grown in a wide range of agro-ecological situations.
Assam is one of the major rice growing state in India and possess a huge number of rice cultivars with
many unexplored wild varieties. About 70% area of the total agricultural �elds or arable lands in Assam
are being occupied by the rice cultivation (Singh et al. 2015; Lal et al. 2013).

Diverse environmental conditions in Assam have resulted into three distinct rice growing seasons viz. ahu
(February /March - June /July), sali (June /July - November /December) and boro (November /December
-May /June). In general, ahu and boro season are also termed as rabi season and sali as kharif season.
Rice grown in ahu season are known as autumn rice so as in Sali as winter and those in boro as summer
rice. Summer rice is mostly known as boro rice.

Boro rice is a photo-insensitive crop traditionally grown in low-lying areas. It is well known for the high
productivity (5-6 t/ha) in deep-water areas of Eastern India, where productivity has traditionally been very
poor (<1 t/ha) during the kharif season. In Assam, boro rice cultivation is restricted mainly to three
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different zones, viz., the central Brahmaputra valley, the lower Brahmaputra valley, and the Barak valley
Zone covering only 0.15 million ha area of the state’s total arable area of 2.5 million ha (Singh et al.2003;
Pathak et al. 2000). But, in comparison to the area it is cultivated, higher and better productivity has been
recorded (Das et al. 2015; Ahmed et al. 2011). As per 2006-2016 rice production statistical report of
Assam, average yield of boro rice reported a regular increase as compared to the largely cultivated
traditional sali rice and autumn rice (Statistical handbook of Assam; Report by Directorate of Economics
and Statistics, Assam 2003-2013) (Fig. S1).

In the current agricultural environmental scenario, �ood and soil erosion has become a major drawback
for rice cultivation. Though Assam along with other NE states, is known for high amount of rainfall but
rainfall alone does not stand as the only reason for �ood in Assam (Rehman et al. 2021; Rasid et al.
2019). The big river dams increase in soil exploitation viz., removal of sands, gravels from the river
surrounding’s, large occupancy of river side areas has now appeared to be a major factor causing �ood
and soil erosion. These factors have highly caused the increase in water level or river water tide that
surpasses embankments and submergence of cultivation areas (Bandyopadhyay et al. 2015; Mandal
2010; Goyari 2005).

In Assam, majority of the farmers dwell upon river water for rice cultivation. Flood in Assam mainly
occurs during the early sali season in Assam i.e., June-August, the time for sali/ winter rice transplant or
sowing. Thereby, during the traditional rice growing season of Assam (sali season), most of the low-lying
areas remain submerged under water (Ahmed et al. 2011; Pathak et al. 2000). On the other hand, during
boro season, �ood factor appears to be minimal with low rainfall and areas suitable for boro rice
cultivation (such as low-lying areas) with adequate amount of water accumulated during monsoon. Boro
rice cultivation during the boro season along with �ood free condition thereby appears to be a better
option for higher production. Cultivation of boro also provides various other advantageous factors such
as - (a) low insect-pest infestation during the growth phase; (b) low winter temperature during the
vegetative phases that favors higher accumulation of photosynthates leading to increase in C: N ratio
and (c) the ripening phase falling in the pre-summer condition facilitates early ripening with rise in
temperature (Singh 2002). Various studies also reported, boro rice with few other signi�cant characters
such as better uptake of fertilizers, cold tolerant etc., which serves to be an advantage for better yield
(Talukdar and Beka, 2005; Patra et al. 2003). Thus, boro rice may serve to be an alternative for rice
cultivation as majority of the people dwell upon rice cultivation for food and economy (Rehman and
Tanti, 2021).

Though, boro rice in Assam has gathered an upward spike in yield and growth with the upgradation in
irrigation and greater interest among the farmers. The selection of cultivars remains a huge concern
among the farmers with large number of traditional as well high yielding varieties (Pande et al. 2006).
Traditional cultivars are known to be the reservoir of various in�uential traits that can withstand many
harsh stress conditions (Barah 2006). Traditional cultivars have also been reported to show a better trait
as compared to the high yielding varieties. High yielding varieties are mainly developed with targets to a
speci�c condition for high productions but conditions beyond causes the constraint/ stagnancy in its
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production. Therefore, an attempt has been made to understand the traditional and high yield boro
cultivars of Assam for better selection based on their yield and component traits. Analysis of yield and its
related components traits helps determine the ability of rice to transform vegetative biomass into grains.

Materials And Methods
Plant materials and �eld experiment

A �eld experiment was conducted with 117 traditionally grown boro rice cultivars of Assam. The rice
cultivars were collected from different low-lying areas and newly developed irrigated cultivation areas of
Assam. The experiment was conducted in two boro season viz. 2018 –2019 and 2020 –2021. The �rst
experiment was conducted at Regional Rainfed Lowland Rice Research Station (RRLRRS) under National
Rice Research Institute (NRRI), Gerua, Assam and second in a normal cultivation �eld at Pathsala under
Bajali district Assam. The experiment was laid out in a randomized block design (RBD) with three
replications. The well germinated rice seedlings of all the cultivars were transplanted into well puddled
raised nursery seed bed as per standard guidelines from International Rice Research Institute (IRRI). The
seedling was allowed to grow till four-�ve leaf stage or height of 15-20 cm. The seedlings were then
transplanted to well puddled experimental �eld with 20 x 20 cm2 gap among the hill and a gap of 50 cm
between the two cultivars. The chemical fertilizers like Urea, TSP, MOP and Gypsum were applied as 215
kg, 180 kg, 100 kg, and 20 kg per hectare, respectively. At the beginning of land preparation one half of
urea, full dose of TSP, MOP and gypsum were applied to the experimental plot. The remaining half of urea
was applied in two splits, one at tillering and other at booting stages. After one week, in some plots, gaps
of missing seedling were �lled with the stock seedlings. Intercultural operations such as weeding by hand
picking and applications of pesticides by hand sprayer at the vegetative growth stages were done as and
when necessary. The water level was also monitored regularly.

Phenotyping

Evaluation and collection of data of the cultivars for yield and its component traits were performed as per
the Standard Evaluation System for Rice by IRRI. The parameters and methodology used for the
evaluation includes- days to 50% �owering, days to maturity, plant height, effective tillers per plant,
panicle length, panicle weight, number of spikelets per panicle, percentage of �lled spikelet, spikelet
fertility, test grain weight, biological yield per plant, grain yield per plant and harvest index.

The rate of �owering was recorded by measuring the period of time after transplant viz., date of sowing
to emergence of panicle in 50 percent of the plants of a particular cultivar. The total days to maturity was
recorded by counting days to harvest of the cultivar from sowing. Height of the plant was measured
using standard measuring scale from ground to tip of the panicle (excluding awn). Number of effective
tillers per plant was counted at the time of maturity. Panicle length, panicle weight, spikelet per panicle
and percentage of �lled panicles was measured and counted by randomly picking 15 panicles from each
cultivar in three replicates.
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Percentage of �lled spikelets per panicle was measured using the standard formula established by IRRI,

%offilledspiklets/panicle =
(Totalnumberoffilledspiklets/panicle)

(Totalnumberofspiklets/panicle) × 100

Spikelet fertility was determined based on the �lled fertile spikelets and the cultivars were differentiated
based on the following scale: Highly fertile (>90%), fertile (75-89%), partly sterile (50-74%), highly sterile
(<50% to trace) and 0% fertile (SES, IRRI (2013).

Test grain weight was measured by weighing 1000 grain weight in grams. Yield of the plant was
evaluated based on the biological and grain yield per plant. Biological yield was measured by weighing
the total dry weight of above ground portion of the plant. Grain yield of the plant was measured after the
harvest by thrashing the grains and weighing after drying to 12% moisture content.

Harvest Index was calculated as the ratio of economic yield to the total biological yield and expressed in
percentage using the following formula-

HarvestIndex(%) =
Economicyield
Biologicalyield × 100

Data analysis
All data analysis were carried out in R program. The Performance Analytics package of R was used to
plot the correlation analysis. The Complex Heatmap package was used to for clustering and heatmap.
FactoMineR and factoextra were used to visualized the principal component analysis results. In addition,
the ggplot2 package was used for graphical representation.

Results And Discussion
Days to �owering and maturity

Flowering refers to opening and closing of �oret followed by panicle exertion and heading (Slaton 2011).
Days to 50% �owering and days to maturity represents the time period taken by plants from sowing to
maturity (Ranawake et al. 2014). Of the 117 boro rice cultivars studied, V1 Nagaon took the highest days
to 50% �owering (132 days) and maturity (296 days) whereas Luit took the lowest days to �owering (57
days) and maturity (153 days) (Fig. 1). Luit cultivar thereby, may be considered a better cultivar in terms
of days to maturity as, rice plants with minimum days to �owering and maturity indicates to be a better
cultivar (Ranawake et al. 2014). As per IRRI, rice cultivars within the range 105-120 days to maturity are
termed to be short duration cultivars and beyond 150 days as long duration cultivars (IRRI 2013). In this
study, it is found that the boro rice is a long duration rice cultivar. Maturity of boro rice before the onset of
monsoon prevents rice from loss of grain and yield (Singh 2002). It has been reported that the cold
temperature during the vegetative stage, leads to higher time period for �owering and maturity (Rehman
and Tanti 2021; Priyanka et al. 2015).
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Plant height

The maximum height was observed in Kasturi (135 cm) and the lowest in case of CSR 27 (64 cm) (Fig.
S2). According to IRRI (2013), the plant height is divided into three categories, namely short (<110 cm),
medium (110-130 cm), and tall (>130 cm). In this study, based on the categorization by IRRI, 82 cultivars
have short height, 30 cultivars with medium height and 5 cultivars with tall height. The medium cultivars
are reported to be best suited cultivars for high yield and production (Singh et al. 2015). Rice cultivars
with tall height undergoes lodging leading to loss in grain yield. Cultivars with short height also fail to
hold good number of tillers by which spikelets fall. But medium height cultivars best suits to hold good
number of tillers with �lled spikelets and give a good grain yield (Donde et al. 2020; Ma et al. 2016; Roy et
al. 2014)

Number of effective tillers per plant

The number of effective tillers represent the number of panicles in a plant bearing the spikelets/grains.
The number of effective tillers per plant signi�es the potential yield of a cultivar. Cultivars with high
effective tillers are marked to possess high tillering ability (Karki et al. 2018; Feng et al. 2007). Cultivar
with good tillering ability directly correlates to its grain yield (Ratna et al. 2015; Akinwale et al. 2011).
Pathariya rice cultivar with 36 number of effective tillers showed the highest number of effective tillers.
But Anjali, China boro, CRL-141, CRL-194 and Jhum Dhan with 07 effective tillers showed the lowest
number of effective tillers. According to IRRI (2013), cultivars with effective tillers, more than 25 per plant
has been termed to possess high tillering ability. Based on the number of effective tillers, the tillering
ability has been classi�ed as follows: 20-25 tillers per plant as good tillering, 10-19 per plant as medium,
5-9 per plant as low and below 5 per plant as very low tillering ability. In this study, 32 cultivars possess
low tillering ability, 34 with medium ability, 41 cultivars with good ability and 10 cultivars with high
tillering ability (Fig. S3).

Panicle length

Panicle length of rice cultivars marks to be a signi�cant component trait for good yield. Rice cultivars
with long panicles directly indicate high number of total spikelets/grain and high yield (Takai et al. 2019;
Sheehy et al. 2001). A concurrent positive relationship has been observed among the traits viz., number
of spikelets per panicle and 1000 grain weight with the panicle length (Prasad et al. 2015). Of the 117
boro rice cultivars studied, panicle length ranged between 17 – 31 cm respectively. No. 15 Aijung with 17
cm showed the shortest panicle length and Ananda rice cultivar showed the longest panicle length of 31
cm (Fig. S4).

Panicle Weight

Panicle weight of a rice cultivars correlates to the panicle length and total spikelets per panicle. High
panicle weight determines cultivars with high yield and production. In this study, highest panicle weight
was observed in Govindh cultivar (4.56 g) and lowest in No. 15 Aijung (0.77 g) (Fig. S5).
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Filled Spikelets

The number of �lled spikelets per panicle represents total number of spikelets subtracted from non-�lled
spikelets. The �lled spikelets per panicle serves as a major component trait that signi�es the productivity
of rice (Nandini et al. 2017; Kato 2004). The number of �lled spikelets per panicle ranged from 43 to 232.
Jaldi dhan-6 with 43 �lled spikelets in average showed the lowest number and Mandhya vijaya (232)
showed the highest number of �lled spikelets (Fig. S6). The number of �lled spikelets in comparison to
the total spikelets also indicates fertility of cultivar.

Spikelet fertility

The no. of �lled spikelet out of total spikelet in a panicle represents spikelet fertility and, the fertility of
cultivar. Higher �lled spikelet means highly fertile cultivar. As per IRRI (2013), cultivars with percentage of
spikelet fertility above 90% has been marked as highly fertile, 75-89% as fertile, 50-74% as partly sterile
and below 50% as highly sterile. Among the 117 cultivars studied, two cultivars Asu boro (91%) and Sali
boro (91%) showed high fertility, 46 cultivars appeared to be fertile, 61 cultivars as partly sterile and
remaining 8 as highly sterile (Fig. S7).

Test grain weight

Test grain weight or 1000 grain weight signi�es the quality of grain developed by a cultivar. Higher grain
weight provides better grain quality leading to increased yield of cultivar. Grain weight represents the rate
of grain �lling and the grain size at the time of maturation. Bahurupi (38.4 g) showed the highest grain
weight and Heera (9.2 g) the lowest. An average of 19.1 g test grain weight was observed among the
cultivars studied (Fig. S8).

Grain yield per plant

High grain yield of rice cultivar is the important trait for high yielding cultivar or developed crop. Grain
yield per plant in correlation to its component traits signi�es the �nal yield of the cultivar after harvest.
Grain yield includes the weight of grains at 14% moisture. Grain yield highly correlates to no. of effective
tillers, no. of �lled grains and grain weight. The higher weight and higher number of �lled grains gives
high grain yield per plant. Of 117 cultivars, Bahurupi (92.27 kg) showed the highest grain yield followed
by PSB 68 (85.2 g), Buhunipi (79.94 g), Pathariya (76.71 g), Mandhya Vijaya (76.06 g), Kavya (75.13 g)
which grain yield above 75 g. VLD 65 (4.72 g) showed the lowest grain yield (Fig. 2). Grain yield of a
cultivar varies among the rice cultivars based on various genetic and environmental factors (Prasad et al.
2015). Grain yield of a cultivar completely depends on its overall performance. Cultivars with changes in
other traits like increase in plant height, decrease in panicle length or less no. of �lled spikelets decreases
the yield of cultivar (Donde et al. 2020; Jabeen et al. 2018; Okamura et al. 2018; Akter et al. 2014).

Biological yield per plant
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Biological yield refers to the total dry weight of the above ground portion of the plant except the grain
containing panicle. It indicates the total growth weight showing the strength of the plant. Higher
biological yield signi�es better yield with high number of spikelets. In this study, pant Sugandh showed
the highest biological yield (70.28 g) and Garia showed the lowest with 13.72 g in average (Fig. S9).

Harvest index

Harvest index refers to the measure of cultivars capability in partitioning assimilated photosynthate.
Increase in harvest index refers to the increase in yield of a cultivar (Jabeen et al. 2018; Li et al. 2012). It
represents the ratio of grain yield to that of biological yield expressed in percentage. Harvest index
measurement provides complete yield of cultivar after maturity. Higher percent of harvest index indicates
better grain yield. Pathariya (77.82%) and Bahurupi (77.03%) showed the highest harvest index followed
by Kavya (76.36%), Kasturi (74.23%) accordingly. V1 Nagaon (21.55%) cultivar showed the lowest harvest
index (Fig. S10).

Correlation analysis of yield and its component traits

Yield is a complex trait, determined by the interaction among its component traits. Selection for the
increase in yield of a cultivar is not based completely on its grain yield because of its complexity and
relationship with other yield components. Therefore, a correlation between yield and its component traits
reveals the capability of a cultivar for high productivity. The correlation analysis of the total grain yield
and component traits of the 117 boro rice cultivars represented a signi�cant relationship between them.
Days to 50% �owering (- 0.96***) and maturity (- 0.97***) showed a signi�cant negative relationship with
all other yield related traits (Prasad et al. 2015; Ranawake et al. 2014). As increase in �owering time and
maturity increases the time period for harvest which causes loss in yield. Effective tillers per plant, panicle
weight, total spikelets per panicle, test grain weight (1000 grain weight) and biological yield showed
signi�cant positive relationship with grain yield and overall harvest index (Ratna et al. 2015; Akinwale et
al. 2011). This positive relationship shows its signi�cance in the increase of grain yield of a cultivar. The
traits with positive signi�cance with yield also showed positive correlation amongst them such as the no.
of effective tillers signi�cantly correlated with panicle weight (0.87***), total spikelets per panicle (0.75**)
and biological yield (0.89***) (Fig. 3). Overall, the grain yield signi�cantly correlated to the harvest index
(0.99***), showing good grain yield as indicator to good harvest index (Okamura et al. 2018; Li et al.
2012).

Principal component analysis

In this study, the principal component analysis (PCA) was performed for twelve yield and its related
component traits of boro rice cultivars. The PCA analysis revealed that three principal components with
eigen values > 1 capturing 45.83% of the cumulative variation. The Principal Components (PC) viz., PC1,
PC2 and PC3 represented higher variance percentage of 45.83, 17.64 and 9.42% respectively. PC2 was
greatly in�uenced by traits- plant height, panicle length, test grain weight, total spikelets per panicle,
panicle weight, grain yield and harvest index to the positive end and no. of effective tillers, biological yield
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and �lled spikelets per panicle towards the negative end. The PC2 traits clearly indicates cultivars
showing good phenotypic yield as observed in phenotypic data individually (Fig. 4a, b). The cultivars
included in PC2 may be taken for further breeding programme and cultivar improvement (Beena et al.
2021; Li et al. 2012).

Clustered analysis of the cultivars based on its yield and related traits

Based on the principal component analysis, a clustered analysis was further performed with the traits
included in PC2 to check complete performance of cultivars in ranking pattern (Donde et al. 2020).
Clustered analysis was performed taking the traits included in PC2 i.e. - plant height, panicle length, test
grain weight, total spikelets per panicle, panicle weight, grain yield and harvest index. As marked in PC2,
clustered analysis clearly revealed cultivars Bahurupi, PSB 68, Mandhya Vijaya, Buhunipi and JGL 3844
as the top performing cultivars and cultivars such as No. 15 Aijung, Sahbhagi dhan marked in PC1 as low
performing cultivars (Fig. 5).

Conclusion
The higher grain yield of rice cultivar clearly indicated the signi�cance of its related traits. Cultivars with
overall better performance i.e., better yield related traits showed high grain yield. Out of the 117 cultivars,
evaluated in this study based on PCA and cluster analysis, Bahurupi showed to be the most suitable
cultivar followed by PSB 68, Mandhya Vijaya, Bahunipi, Pathariya respectively. The cultivars indicated
under grain yield, harvest index showed the same cultivars as like that of PCA and cluster. Bahurupi
showed the best overall performance in comparison to other cultivars based on grain yield and its
component traits. The top performing cultivars among the cultivars studied, showing better grain yield
along with its component traits will provide an insight to rice breeders for further enhancement and
develop better yielding boro rice cultivar.
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Figures

Figure 1

Stacked barplot representing the days to 50% �owering and maturity. The value on each bar represents
the number of average days of 3 biological replicates.

Figure 2

Barplot indicating the total grain yield per plant of the boro rice cultivars studied in decreasing order. The
error bar represents standard error of mean values performed with minimum of 3 biological replicates.
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Figure 3

Correlation analysis among the yield and its related component traits. The correlation plot was prepared
by PerformanceAnalytics package of R. The distribution of each variable is shown on the diagonal. On
the bottom of the diagonal: the bivariate scatter plots with a �tted line are displayed on the top of the
diagonal: the value of the correlation plus the signi�cance level as stars. Each signi�cance level is
associated to a symbol: p-values (0, 0.001, 0.01, 0.05, 0.1, 1) <=> symbols (“***”, “**”, “*”, “.”, " “)

Figure 4

Principal component analysis among the yield and its component traits. a) Scree plot representing the
percentage of variance of the principal components based on eigen values; b) Biplot showing the PCA 1
and PCA 2

Figure 5

Heatmap of boro rice cultivars based on grain yield, harvest index, panicle length, panicle weight, total
spikelets and �lled spikelets. The value of each trait was log transformed and heatmap was constructed.
Heatmap was ranked by hierarchical clustering performed using ComplexHeatmap package of R.
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