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Abstract

The present investigation was conducted to elucidate the interrelationship among various yield and yield
contributing traits. Among the traits plant height, days to 50% flowering, days to maturity, filled grain per
panicle and spikelet sterility showed high genotypic variance. Effective tillers per hill, filled grain per
panicle, spikelet sterility had high genotypic coefficient of variation with high heritability and high genetic
advance per cent of mean. Effective tillers per hill, panicle length, filled grain per panicle and 1000-grain
weight exhibited significant positive association with grain yield. Path coefficient analysis also revealed that
plant height, effective tillers per hill, panicle length and 1000-grain weight had higher direct effect on rice
yield (t/ha). Days to 50% flowering, days to maturity and spikelet sterility possessed moderate to low
negative direct effect on rice yield. All together with the genetic variability, correlation and path analysis
revealed that plant height, effective tillers per hill, panicle length, filled grain per panicle and 1000-grain
weight were the most important yield component in rice hybrids.

Introduction

The population of Bangladesh is growing @ 1.22% and the total population will be 233.2
million in the next 40 years if the current trend continues (Kabir et al. 2015). Therefore,
Bangladesh will require more than 57.0 million tons of rice to feed its people by the year 2050.
During this period land, labor and water will be decreased due to urbanization. One needs to
support this increasing population to produce more food with less land, less labor and less water.
So, the development of high yielding rice variety might be the possible way and hybrid rice is one
of best available technological option to increase yield. Yield contributing components are
interrelated with each other expressing a complex chain of relationship and highly influenced by
environmental conditions (Prasad et al. 2001), hence direct selection for yield alone limit the
selection efficiency and ultimately results in limited success in yield improvement.

Knowledge about the genetic variability and interrelationship among the yield and yield
contributing traits are important. Yield can possibly be improved through the knowledge of
interrelationship among various yield contributing traits along with direct and indirect influence of
component characters on yield. This helps in the prediction of correlated response to differential
selection and detection of traits that serve as useful indicators of the more important ones under
consideration (Johnson et al. 1955a). Path coefficient analysis partitions into direct and indirect
matrix presenting correlation in a more meaningful way (Mohsin et al. 2009). The direct and
indirect effects of different traits on grain yield were also studied which may help in determining
the component traits affecting yield potential. Based on this information an effective selection
program can be proposed for the genetic improvement of rice hybrid.
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Materials and Methods

Fifteen exotic and two locally developed hybrid rice varieties were evaluated at the
Bangladesh Rice Research Institute (BRRI), Gazipur during the year 2016-17 under irrigated rice
ecosystem using RCB design with three replications. Thirty days old seedlings were transplanted
in 10 m? areas using single seedling per hill. Fertilizer doses were 80: 60: 40 kg N P K and 70 kg
gypsum per hectare. Except N all other fertilizers were used as basal dose and N fertilizer was top
dressed in three equal splits at 15, 30 and 45 days after transplanting. Standard crop management
practice was done as and when needed. Data on plant height (cm), days to 50% flowering (days),
effective tillers per hill (no), panicle length (cm), days to maturity (days), filled grain per panicle
(no), spikelet sterility (%), 1000-grain weight (g) were taken from randomly selected ten plants of
each plot. Yields were taken from whole plot crop cutting and converted to ton per hectare.

The data were analyzed by MSTAT program for ANOVA. The mean sum of square (MSS) of
error considered as error variance (c¢), phenotypic variance (o°p), genotypic variance (c°g),
broadsense heritability (h%,) and genetic advance in per cent of mean (GAPM) were estimated
(Johnson et al.1955a). GCV and PCV were estimated according to the formula of Burton (1952).
Genotypic and phenotypic correlation coefficients were measured using formula suggested by
(Miller et al. 1958). The correlation coefficient was further partitioned into components of direct
and indirect effects by path coefficient analysis developed by Wright (1934) and later described by
Dewey and Lu (1959).

Results and Discussion

The analysis of variance revealed significant differences among the varieties for all the
characters studied. The mean sum of squares due to varieties was significant for all the characters
that the genotype selected were genetically variable and considerable amount of variability existed
among them (Table 1). It indicates ample opportunity for rice improvement selecting different
quantitative characters. Similar results were reported by Sharma and Sharma (2007) in rice.

Variability plays a vital role for the selection of superior genotypes in crop improvement
program. Distinct variation in the breeding materials is prerequisite for development of varieties
with existing demand. Actual genetic variation may be masked by its environmental influence.
Therefore, partitioning the phenotypic variation into genotypic and environmental effects is
essential for selection of suitable genotypes. The genotypic variance was the highest for filled
grain per panicle (328.75) followed by spikelet sterility (115.50) indicating greater scope of
selection (Table 1). Plant height, days to 50% flowering, effective tillers per hill, panicle length,
days to maturity and 1000-grain weight exhibited desirable genotypic variance creating better
scope of selection. On the other hand, the lowest genotypic variance was found for yield. The
phenotypic variance for all the traits were little bit higher but close to the genotypic variances
indicating preponderance of additive gene effects for these traits. Genotypic coefficient of
variation (GCV) considers the best relative amount of genetic variation and it takes into account
the mean value as well as the unit of measurement. Genotypic coefficient of variation values
ranged from 3.23 to 29.87%. The PCV values showed similar trends as GCV values and ranged
from 4.15 to 30.25%. The values of PCV were little bit higher but close to the corresponding GCV
values for all the traits (Table 1).

The small differences between PCV and GCV for all the traits indicated that the variability
was predominantly due to genotypic differences, i.e. little environmental influences. Similar
results have also been reported by (Sameera et al. 2016). Days to maturity, days to 50% flowering
and plant height had low coefficient of variation, which validated the chances of getting
substantial gains under selection are possibly to be less for these traits. Whereas, high values of
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coefficient of variation for effective tiller per hill, panicle length, filled grain per panicle, spikelet
sterility 1000-grain weight and grain yield indicated great scope for improvement these traits by
selection to improve the potentiality of grain yield.

Table 1. Genetic parameter for morphological attributes of some exotic and locally developed rice
hybrids.

Characters  Range MS o’y o op GCV PCV h GA GAPM
PH 87.35-102.97 78.26" 2596 0.38 26.34 534 538 9858 10.42 8.13
DFF 110.33-127.00 76.52”  25.36 0.43 2579 431 434 9833 10.29 6.75
ET/h 5.49 - 10.27 5.20" 171 0.06 1.77 18.03 1833 96.69 2.65 28.00
PL 18.23-2335 6.93” 229 006 235 712 720 9771 3.08 11.12
DTM 137.00-153.00 77.81"  21.34 138 3514 323 415 6071 7.41 3.98
FGIP 128.78-191.97 989.06™ 328.75 2.81 33156 11.59 11.64 99.15 37.19 18.24
SS 17.32-5257 34943 11550 2.93 11843 29.87 30.25 97.52 21.86 46.60
TGW 19.24-2510 8.62" 284 010 294 740 753 9657 341 1150
GY 7.09 - 9.65 1.41” 046 003 049 7.83 808 9409 136 12.01

PH = Plant height (cm), DFF = Days to 50% flowering (days), ET/h = Effective tiller per hill (no.), PL =
Panicle length (cm), DTM = Days to maturity (days), FG/P = Filled grain per panicle (no), SS = Spikelet
sterility (%), TGW = Thousand grain weight (g), and GY = grain Yield (t/h).

** = Sjgnificant at 1% level, o°g = Genotypic variance, c’c = Environmental variance, ¢°p = Phenotypic
variance, GCV = Genotypic coefficients of variations, PCV = Phenotypic coefficients of variations, h?%, =
Heritability in broad sense, GA = Genetic advance, GAPM = Genetic advance percent of mean.

The values of heritability estimates were high for all the traits and ranged from 60.71% for
days to maturity to 99.15% for filled grain per panicle. These results were in agreement with the
reports of Idris et al. (2013) for number of filled grains per panicle, days to maturity, 1000-seed
weight, panicle length and plant height. Genetic variability for productive tiller per plant and
number of grains per panicle was reported by Singh et al. (2012). High heritability values in rice
were also observed by Roy et al. (2015). The high value of heritability for all the traits suggests
that all these traits are under genetic control, i.e. less environmental influence. High heritability
alone is not enough to make sufficient improvement through selection generally in advance
generations unless accompanied by substantial amount of genetic advance (Bhargava et al. 2003).
The efficacy of heritability is increased with the estimation of genetic advance, which indicates the
degree of gain in a trait obtained under a particular selection pressure.

But, in the present study, the magnitude of genotypic variance and phenotypic variances was
quit close due to lesser role of environmental effect (Ve = Vp — Vg). Therefore, all the traits were
under the control of genotypic variance (additive + non-additive).

However, in general, it is considered that if a trait is governed by non-additive gene action, it
may give high heritability but low genetic advance, whereas if the trait is governed by additive
gene action, heritability and genetic advance both would be high. The expected genetic advance as
per cent of mean varied from 3.98% for days to maturity to 46.60% for spikelet sterility. The
highest expected genetic advance was exhibited for spikelet sterility (46.60) followed by effective
tiller per hill (28.00), filled grain per panicle (18.24), grain yield (12.01), 1000-grain weight
(11.50) and panicle length (11.12). These traits, which showed moderate to high coefficient of
variation and high heritability values, indicated a major role of additive gene action in the
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inheritance of these traits and their amenability for improvement in the population for grain yield
and its component traits.

Character association analysis among grain yield and yield contributing character (Table 2)
revealed that in most of the cases the genotypic correlation coefficient was higher than the
respective phenotypic correlation coefficients. This indicated that the suppressive effect of the
environment modified the phenotypic expression of these characters by reducing phenotypic
correlation values. Roy et al. (2015) also reported higher magnitude of genotypic correlation than
respective phenotypic correlations between various characters in rice. Grain yield had significant
positive correlation with effective tillers per hill (0.937**), panicle length (0.998**), filled grain
per panicle (0.913**) and thousand grain weight (0.997**) and significant negative correlation
with days to 50% flowering (—0.645**), days to maturity (—0.648**) and spikelet sterility
(—0.862**). The positive correlation of grain yield with various traits were supported by the
finding of earlier workers viz. for 1000-grain weight, for effective tillers per m? and panicle length
(Roy et al. 2015), for productive tiller per plant (Gapikannan and Ganesh 2013) and for number of
grains per panicle (Vanisree et al. 2013).

Table 2. Genotypic (ry) and phenotypic (r,) correlation coefficient for morphological attributes of some
exotic and locally developed hybrids.

Characters DFF ET/h PL DTM FG/P SS TGW GY
PH rg —0.109 0247 0.188  -0.151 0241  -0.270  0.192 0.151
r, —0080 0221 0191  0.020 0208 -0.253  0.161 0.186
DFF ry -0.7827 -0.715" 0.986~ -0.717" 4.294"  -0.697" -0.645
o -0.757" -0.703" 0.7777 -0.707" 0.655~  -0.675  -0.613"
ET/h ry 0.952” -0.757" 0.9707 -0.929” 0.9447 09377
o 0919”7 -0.564" 0.959” -0.905" 0.927°  0.871"
PL ry -0.688" 0.934” -0.895 0.993" = 0928”7
o -0.521" 09167 -0.868" 09737 09517
DTM ry -0.674" 0.619°  -0.680" —0.648"
o -0.512" 0479”7  -0.505~  -0.484"
FG/P ry -0.960" 0936 09137
o -0.946" 09217  0.8737
Ss ry -0.896" —0.862"
o -0.869" —0.824"
TGW ry 0.937"
o 0.949”

** = Significant at 1% level and * = Significant at 5% level, PH = Plant height (cm), DFF = Days to 50%
flowering (days), ET/h = Effective tillers per hill (no.), PL = Panicle length (cm), DTM = Days to maturity
(days), FG/P = Filled grain per panicle (no), SS = Spikelet sterility (%), TGW = Thousand grain weight (g),
and GY = Grain Yield (t/h).

Effective tillers per hill had significant positive association with panicle length (0.952*%*),
filled grain per panicle (0.970**) and 1000-grain weight (0.944**). Panicle length had significant
positive association with filled grain per panicle (0.934**) and 1000-grain weight (0.993**).
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Filled grain per panicle had significant positive correlation coefficient with 1000-grain weight
(0.936**). Days to 50% flowering showed significant negative correlation coefficient with
effective tiller per hill (—0.782**), panicle length (—0.715**), filled grain per panicle (—0.717**)
and 1000-grain weight (0.697**).

Days to 50% flowering had significant and negative association with thousand grain weight
(Bhadru et al. 2011). Pleiotropy or linkage may also be the genetic reasons for this type of
negative association. Plant height had insignificant genotypic correlation among grain yield and all
yield contributing traits indicated that selection for high plant height might be possible without
compromising yield loss. High linkage between grain yield and its contributing traits were found
due to highly significant correlation coefficient values.

The correlation coefficient is inadequate to interpret the cause and effect relationships among
the traits and ultimately with yield. Path analysis technique furnishes a method partitioning the
correlation coefficients into direct and an indirect effect provides the information on actual
contribution of a trait on the yield. The path coefficient analysis revealed that 1000-grain weight
(0.729) had the maximum direct effect on grain yield (Table 3). High positive direct effect for
1000-grain weight has been reported by Sinha et al. (2015) and for productive tiller per plant by
Manikyaminnie et al. (2013). It was interesting that path coefficient analysis results confirmed the
similarity of the correlation coefficient analysis results, which indicated that indirect causal factors
are to be considered and optimum height is required for increasing yield.

Table 3. Partitioning of genotypic correlation into direct (bold) and indirect effect for morphological
attributes of some exotic and locally developed hybrids.

Characters Effect through GY
PH DFF ET/h PL DTM FG/P SS TGW

PH 0.500 -0.238 -0.165 -0.095 —0.103 —0.063 -0.031 —0.480 0.151

DFF 0.489 -0.244 -0.162 -0.099 -0.106 —0.060 -0.029 —-0.502 —0.645**
ET/h —0.393 0.188 0.210 0.132 0.079 0.081 0.04 0.683 0.937**
PL —0.339 0.173 0.198 0.140 0.073 0.078 0.388 0.727 0.928**
DTM 0.436 -0.218 -0.142 -0.086 -0.118 —0.513 —0.245 —0.442 —0.648**
FG/P -0.371 0.173 0.203 0.130 0.072 0.08 0.042 0.678 0.913**
SS 0.356 -0.162 —0.194 -0.124 -0.066 —0.08 -0.043 —0.646 —0.862**
TGW —0.330 0.168 0.197 0.140 0.071 0.078 0.038 0.729 0.937**

Residual Effect = 0.1031, ** = Significant at 1% level, PH = Plant height (cm), DFF = Days to 50%
flowering (days), ET/h = Effective tillers per hill (no.), PL = Panicle length (cm), DTM = Days to maturity
(days), FG/P = Filled grain per panicle (no), SS = Spikelet sterility (%), TGW = Thousand-grain weight (g),
and GY = Grain yield (t/h).

Bornare et al. 2014 reported the moderate positive direct effect for plant height. The effective
tillers per hill (0.210) showed moderate positive direct effect on grain yield. Panicle length (0.140)
exhibit considerable positive direct effects on grain yield. Its indirect effect through 1000-grain
weight was positive and high. This resulted significant positive correlation with grain yield.
Panicle length had very low negative direct effect on grain yield was reported by Kole et al.
(2008). Filled grain per panicle (0.08) showed negligible direct effect but indirect positive effect
via 1000-grain weight made positively significant genotypic correlation with yield (0.913**).
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Days to 50% flowering (—0.244), days to maturity (—0.118) and spikelet sterility (—0.043) had
moderate to low negative direct effect and significant negative correlation. Direct selection based
on these three traits would be effective because short duration rice is desirable. Very low residual
effects (0.1031) indicated that eight characters included in this study explained high percentage of
variation in grain yield. Based on mean, range, genetic parameters, correlation coefficient values
and path coefficient values direct selection through, effective tiller per hill, panicle length, filled
grain per panicle and 1000-grain weight would significantly improve the grain yield of rice.
Concomitant selection based on plant height would be effective for improvement of rice yield.
Therefore, emphasis should be given on these characters for the selection of genotypes for higher
grain yield in hybrid rice.
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