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ABSTRACT Ece (Oryza sativa L.) 18 an important commodity with a major influence on the country's economy. Plant breeding
activities must be conducted to develop high-yielding potential genotypes with desired agronomic traits. The purpose of this research
is to study the heritability and coheritability ofagronomic traits as well as to study the direct and indirect effects through genotypic and
phenotypic correlations among agronomic traits contributing to yield on genotypes of rice. The research was carried out from March to
July 2022 at the Experimental Field of the Faculty of Agriculture, Brawijaya University, Jatimulyo, Lowokwaru, Malang, East Java,
Ten genotypes of rice were used as genetic materials. The research used a Randomized Block Design (RBD) method with 3 replications.
Data were analyzed using analysis of variance, analysis of covariance, and path analysis. The results revealed that there were very
significant differences among upland rice genotypes for all observed traits. All observed agronomic traits had high heritability
estimates. Plant height with time of inflorescence emergence had the highest coheritability, and flag leaf length with yield per plot had
the lowest coheritability. The traits of the number of spikelets per panicle and weight of milled dry grains positively correlated with
yield. Weight of milled dry grains had the highest positive direct effect through genotypic correlation and phenotypic correlation with
yield.

Keywords Path analysis, Heritability, Correlation, Upland rice, Agronomic trait

INTRODUCTION

environmental incompatibility, are issues in rice cultiva-

tion [Amm et al. 2019).

Rice (Oryza sativa L.) is a commodity that has a major The development of high-yielding potential genotypes

influence on the economy of the country. Indonesian with desirable agronomic traits for a variety of environ-
people consume rice as their main energy source. Based on ments, including dry land, is an important undertaking to
data (Badan Pusat Statistik 2020), the population growth make. The lines used in this research are lines that have
rate over the last 10 years has reached an average of 1.25%. been selected from the preliminary yield test of the F6 line

The annual increase in population in turn increases the (Mustikarini ef al. 2021). It is important to develop lines

demand for basic foods, particularly rice. Increasing rice
productivity can be accomplished by increasing planting
area, but this is difficult to achieve, given that many
agricultural fields are currently being converted into

non-agricultural areas. Pest and disease attacks, as well as

into superior varieties that are drought-resistant and have
high yield potential in order for them to be able to be
cultivated in different seasons and to have adaptability. The
development of a variety to improve plant traits and

increase yields can be done through activities of plant
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breeding namely selection. The genetic parameter that can
be used as the basis for selection is heritability. Estimation
of heritability can help to obtain information and measure
the ability of genotypes to pass on their traits. Heritability
shows the genetic contribution to traits, and thus traits with
high heritability estimates will be the target of selection
(Herlinda et al. 2018).

In addition to heritability estimates, knowledge of the
relationships among traits is required to determine selec-
tion criteria in order to design an efficient breeding
program. The association between traits can be measured
through correlation analysis. Knowledge of the associations
among traits and the direct and indirect contribution from
agronomy traits contributes to yield through path analysis.
Path analysis provides information about the correlation of
each trait with the results, which are divided into direct and
indirect effects (Singh et al. 2018). As such, the purpose of
this study is to determine the estimation of heritability of
agronomic traits and their relationships on yield. The
obtained information can be used as selection criteria for
choosing the best agronomic traits that can contribute to

yield and can be inherited in rice.

MATERIALS AND METHODS

The research was conducted from March to July 2022 at
the Experimental Field of the Faculty of Agriculture of
Brawijaya University, located in Jatimulyo, Lowokwaru,
Malang, East Java. The utilized genetic materials were 10
genotypes of upland rice from Bangka Bg'ung University
collections that consisted of lines 191-06-09-23-03,
21B-57-21-21-23, 23A-56-20-07-20, 23A-56-22-20-05,
and 23F-04-10-18-18, as well as varieties of Danau Gaung,
Inpago 8, Inpago 12, PBM UBB 1 and Rindang. The
utilized lines were upland rice lines that are resistant to
lodging from crosses of accessions (Balok and Mutant Mg-
GR,s50-1-9-13) and national superior varieties (Banyuasin
and Inpago 8) (Mustikarini et al. 2022). Other materials
used in this research were pesticides, fertilizers (urea,
SP-36 and KCI), envelopes, label paper, ropes, sacks, and
descriptors for rice. The tools were scissors, hoe, tractors,

analytical scales, machetes, ticks, temperature data logger,

rulers, measuring tape, sprayer, net, alphaboard, stationery,
and camera.

The method used in this research was experimental
research. The experiment was conducted with a Ran-
domized Block Design (RBD) method, consisting of
treatments of 10 rice genotypes of as with 3 replications.
Each treatment was planted in plots measuring 5 m x 4 m
with a distance of 1 m between plots. Each plot consisted of
320 planting holes with each hole being filled with 3 seeds.
The utilized spacing was 25 cm x 25 cm. Observation of
variables used a sample of 10 clumps in each plot. Quanti-
tative observation of traits was based on the guide descrip-
tor for rice from the International Union for the Protection
of New Varieties of Plants (UPOV) (2017) and the Inter-
national Rice Rescm Institute (IRRI) (1965). The observed
traits consisted of plant height, flag leaf length, number of
total tillers, number of productive tillers, time of'dlore-
scence emergence, time to maturity, panicle length, number
of spikelets per panicle, weight of 1000 grains, weight of
milled dry graitnand yield per plot.

Quantitative data were analyzed by using analysis of
variance, analysis of covariance, and path analysis. Analy-
sis of variance (ANOVA) was used to determine the level
of significance among the genotypes for different traits
through the mean square values and to calculate variance
components. After obtaining the variance component of
the ANOVA, it is then followed by an analysis of
covariance (ANCOVA) to estimate the coheritability of the
trait which is related to the correlation response. Genotypic
correlation and phenotypic correlation were based ongthe
variance components in ANOVA. Path analysis a:ls
carried out to explain the complex association between
observed traits by dividing the influence of trait into direct
effect and indirect effect. Statistical analysis was carried
out using SMARTSTAT and OPSTAT (Sheoran ef al.
1998).

The estimate of heritability was calculated based on

using the formula given by Singh and Chaudhary (1979):

2 2

2 genolypic variance Oy Op_

= = — =

- - 3 3 3
phenotypic variance o, o +o.

Explanation:

. 2
Error variance: o7, = MSe
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. . > MSg — KT
Genotypic variance: o°, = g~ Rte

E -
Phenotypic variance: o'y = 0 + 0y
Criteria of broad sense heritability value based on
Stansfield and Elrod (2002): low (1121:5 < 0.2), moderate
(0.2 < s < 0.5), high (W7 > 0.5)

Covariance analysis was used to calculate coheritability
and correlation coefficient based on Singh and Chaudhary
(1979):

Error Covariance: Cov e = MPe
Genotypic Covariance: Cov g= M
Phenotypic Covariance: Covp =cove +covg

The coheritability values were entered into the following
equation:

genolypic covariance
phenotypic covariance

Coheritability =

To find out the associations among the observed quan-

titative traits, a correlation approach was used with the

formula:
) Cov, (x.y)
r, [x _y) = L _J‘
- Y, lf'rr.rﬂ[:r:, [’TFJ"”[];,
) Cov, (x, y)
r, (3.3 ) E

EKlel]Eﬂl1:

r(x,y) = correlation coefficient between trait x and trait y
Cov(x,y) = covariance between trait x and trait y

Var x = genotypic variance of trait x

Var y = genotypic variance of trait y

1y symbolizes genotypic correlation and r, symbolizes
phenotypic correlation.

The statistical significance of the genotypic and
phenotypic correlation coefficients was calculated using

the t-test at a 5% level.

Explanation: r = correlation, n = amount of data

The following is the interpretation of the strength of the

correlation coefficient based on Oladosu et al. (2018):

0- 0.30: Low

0.31- 0.70: Moderate

0.71-1.00: Strong

Path analysis was calculated according to the method of
Singh and Chaudhary (1979). The following is the
description for equations in path analysis:

Direct effect path coefficient (P):

X1 Ce
(;—Y = P1, path coefficient from X1 toY

Correlation equation (r) of agronomic traits to yield:
(X1,Y) = P1 + i(X1,X2)P2 + r(X1,X3)P3

Explanation:

Pl = Directeffect X1 to Y

1(X1,X2)P2 = Indirect effect X1 to yield through X2
1(X1,X3)P3 = Indirect effect X1 to yield through X3

RESULTS

Analysis of variance

Analysis of variance was carri ut to assess the
genotypic effects and the resulting estimates of variance
components were used to calculate heritability estimates.
Futhermore, the variance components (genotypic variance
and phenotypic variance) were used for standardize in the
correlation coefficients. Mean squares for analysis of
variance (ANOVA) of agronomic traits on ten upland rice
genotypes are presented in (Table 1). Analysis of variance
revealed that among genotypes was very significant
differenceﬁ <(.01) for all the observed agronomic traits,
including plant height, flag leaf length, number of total
tillers, number of productive tillers, time of inhrescence
emergence, time to maturity, panicle length, number of
spikelets per panicle, weight of 1000 grains, weight of
milled dry grains, and yield per plot. All agronomic traits
analyzed were significantly affected by the upland rice
genotypes indicating that all genotypes of upland rice

differed with each other.
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Table 1. Mean squares analysis of variance for 11 traits of 10 upland rice genotypes from collections of Bangka Belitung

University.
Source of Traits
variation PH FFL NTL NPL TIE ™ PL NSP WTG WMDG YP
Replication 2 19.05 1.48 4.76 291 3430 30.63 2.54 0.83 47.02  1.56 0.23
Genotypes 9 1480.80%* 100.88%* 78.82%* 72.41%* 76.74%*% 4.30%* 3087**% 8634.70%* 66.77+#* 050%* 42.45%%
Error 18 1265 1.67 3.08 255 2.55 0.71 1.05 16.08 3.03 0.04 0.43

**Significance test at 0.01.

PH: plant height, FFL: flag leaf length, NTL: number of total tillers, N: number of productive tillers, TIE: time to
inflorescence emergence, TM: time to maturity, PL: panicle length, NSP: number of spikelets per panicle, WTG: weight
of 1000 grains, WMDG: weight of milled dry grains and YP: yield per plot.

Table 2. Variance components and heritability estimates for 11 traits in upland rice genotypes from collections of Bangka
Belitung University.

3] i 1 wl

Agronomic Traits o o) ar Hy, Criteria Hy.”'
Plant Height 12.65 495.41 508.06 0.98 High
Flag Leaf Length 1.67 33.07 34.74 0.95 High
Number of Total Tillers 3.08 2524 28.33 0.89 High
Number of Productive Tillers 2.55 23.29 25.83 0.90 High
Time to Inflorescence Emergence 2.52 24.74 27.26 0.91 High
Time to Maturity 0.71 1.20 1.90 0.63 High
Panicle Length 1.05 9.94 10.99 0.90 High
Number of Spikelets Per Panicle 16.08 2872.87 2888.96 0.99 High
Weight of 1000 Grains 3.03 21.25 24.28 0.88 High
Weight of Milled Dry Grains 0.04 3.15 3.20 0.99 High
Yield Per Plot 0.43 14.01 14.44 0.97 High

Y67 = error variance.

Yo', = genotypic variance.

“5°¢ = phenotypic variance.

"Hy = broad sense heritability.

“ICriteria of broad sense heritability value based on Stansfield and Elrod (2002): low {hl,,_q < 0.2), moderate (0.2 = hl,,_q =
0.5), high (h’y > 0.5).

per plot had the lowest coheritability value. The highest
Estimation of heritability on agronomic traits coheritability value was for the relationship between plant
Estimated heritability values with high criteria were height with time of inflorescence emergence. The obtained

obtained for all observed traits based on the heritability coheritability values were generally in the range of 0.9 to 1.
analysis (Table 2). Heritability estimates for the observed

traits with high criteria ranged from 0.63 to 0.99. The trait Correlation coefficientﬁmong agronomic traits

with the highest heritability estimation value was number
of spikelets per panicle, while the lowest was time to

maturity.

Coheritability analysis

Based on (Table 3), the rangn:f coheritability values
was from 0.3 to 2.23. The trait of flag leaf length with yield

In this research, the genotypic correlation coefficient
and phenotypic correlation coefficient showed positive,
negative, and uncorrelated relationships /een agronomic
traits and yield, as shown in (Table 4). The value of the
genotypic correlation coefficient was greater than that of
the phenotypic correlation, but there was the same rela-

tionship among traits in genotypic correlation and phenotypic
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Table 3. Coheritability agronomic traits to yield on upland rice genotypes from collections of Bangka Belitung University.

PH FFL NTL NPL TIE ™ PL NSP WTG  WMDG YP
PH
FFL 0.99
NTL 1.02 0.97
NPL 1.03 0.97 0.92
TIE 223 136 1.03 1.03
™ 0.98 1.23 1.01 0.98 0.88
PL 1.00 0.96 0.98 0.98 1.18 1.09
NSP 0.99 0.99 0.99 1.00 1.03 1.11 0.98
WTG 1.08 0.72 0.98 1.01 0.99 1.16 1.04 1.02
WMDG 0.44 1.26 1.29 1.12 0.86 0.42 1.01 1.00 1.06
YP 1.17 0.30 0.91 0.93 0.92 0.85 0.99 1.00 0.82 1.00

correlation. Traits with positive and very significant aw-
typic correlation and phenotypic correlations wcap]ant
height with flag leaf length (0.898**, 0.876**), panicle
length (0.92**, 0.863**), and number of spikelets per
panicle (0.599%*, 0.594**); flag leaf length with panicle
length (0.863**, 0.838**) and number of spikelets per
panicle (0.72, 0.711); number of total tillers with number of
productive tillers (0.943%*, 0.921**), time of inflorescence
emergence (0.543**, 0.474**), and time to maturity in
genotypic correlation (0.577**); number of productive
tillers with time of inflorescence emergence (0.663%*,
0.584**) and time to maturity (0.621*%, 0.478%*); time of
inflorescence rergence with time to maturity (0.758%**,
0.654**); and panicle lengthnjth number of spikelets per
panicle (0.864**, 0.833**). The number of spikelets per
panicle positively and significantly correlated with weight
of milled dry grain (0.457%*, 0.452%*), yield per plot (0.427*,
0.42*), and total of productive tillers in phemapic
correlation (0.425%). The weight of dry milled grain had a
positive and very significant correlation with yield per plot
(1.00%%*, 0.983%%),

Traits with negative and very significant genotypic
't:latiuns and phenotypic correlations were plant height
with number of total tillers (—0.725%*, —0.664**) and
number of productive tillers (—0.636**, —0.582%*); flag leaf
alglh with number of total tillers (—0.809**, —0.77**) and
number of productive tillers (—0.692**, —0.66**); number
of total tillers with panicle length (—0.684*% —0.627*%),
number of spikelets per panicle (—0.588%* —0.557%*), and
weight of 1000 grains (—0.502**, —0.543**); number of

productive tillers with panicle length (—0.641%*,—0.589%*),
number of spikelets per panicle (—0.552**, 0.524**), and
weight of 1000 grains (—0532**, —0.47**); and weight of
1000 grains with time of inflorescence emergence (—0.687**,
—0.615%*) and time to maturity (—0.951%*, —0.61**).

Path analysis between agronomic trait to yield

The results of path analysis through genotypic correla-
tion (Table 5) and phenotypic correlation (Table 6) on agro-
nomic traits to yield. The trait that had the greatest direct
positive effect on yield through genotypic and phenotypic
correlations was weight of milled dry grain, with 1.046 and
0.986 respectively. Traits that had a positive indirect effect
rhmun either genotypic correlation or phenotypic correlation
were the number of spikelets per panicle through weight of
milled dry grain, with 0.47844 and 0.44560, rcspcavely,
Traits that had the largest negative indirect effect were panicle
length through number of spikelets per panicle (—0.1539)
through genotypic correlation, and number of productive
tillers through number of total tillers (—0.16609) through
phenotypic correlation. The residual value of path analysis
was —0.01618 through genotypic correlation and 0.02646

through phenotypic correlation.

DISCUSSION
Analysis of variance
The result from the mean squares of the analysis of

variance for each agronomic trait showed highly signi-
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in the selection of superior genotypes based on phenotypic
performance (Nithya er al. 2020). This phenotypic
performance will indicate the traits that will be expressed
through appearances of plant phenotypes that result from

the interaction of genetic and environmental factors.

Coheritability analysis

Coheritability is represented through calculating the
covariance value, which is used to determine the magnitude
of two linearly related traits that in concept are changing at
the same time. This indicates the genetic association
between two traits in terms of their mutual inheritance. The
components of the covariance determine the magnitude of
the coheritability value. Generally, the value for the estima-
tion of inheritance ranges from 0 to 1. However, because it
is taken from the covariance calculation, for which the
value is not limited, it does not indicate the extent of the
simultaneous change of the two traits. As covariance is
obtained from the mean square of treatment and error, a high
number indicates greater dependence. Smaller error results
in a higher coheritability value. This is reflected in the
obtained mean product error, which has a negative value. A
small error indicates that the trait association is more influen-
ced by genetics, whereas a large error indicates that environ-
mental factors are more influential. Habiba ef al. (2012)
reported on the :ﬁritability values of rice agronomic
traits, including plant height, number of total tillers,
productive tillers, panicle length, and number of spikelets
per panicle with yield per plot, which ranged from 0 to 1.7.

e highest coheritability value was found for the traits
ofadnt height with time of inflorescence emergence. This
shows that the magnitude of the shared inheritance of the
two traits is the largest among all other relationships
between two traits. Coheritability is defined as a genetic
component description, as the measure of the shared
inheritance of two traits that represents the genetic
contribution to their phenotypic correlation (Vasquez-

o0l 2019). The lowest coheritability value was found for
flag leaf length with yield per plot. This shows that the
magnitude of the shared inheritance of the two traits is the
smallest among all other relationships between two traits.
The presence of traits is related to coheritability. Coheri-

tability is associated with the presence of a shared genetic

effect, thus reflecting the extent of the influence of shared

genetics on the observed trait associations.

Correlation coefficient among agronomic traits

The relationship between two or more traits is referred to
as correlation, Correlation analysis can help identify how
these traits contributed to the results. A positive correlation
indicates that an increase in one trait causes a rise in the
correlated trait, and conversely, a negative correlation
indicates that an increase in one trait results in a decrease in
the correlated trait (Kampe ef al. 2018). Correlation analy-
sis revealed that plant height positively correlated with flag
leaf length, panicle length, and number of spikelets per
panicle. The increase in plant heigluvillbe followed by an
increase in the flag leaf length. The results s.m study
(Oladosu et al. 2018) showed that plant height positively
correlated with flag leaf length. Similar to plant height, flag
leaf length also positively correlated with panicle length
and number of spikelets per panicle. The formation of
grains is influenced by photosynthesis that occurs in the
upper part of the plant, along the length of the flag leaf. The
flag leaf is the uppermost leaf beneath the panicle, which
provides photosynthetic energy during reproduction. A
longer flag leaf means more light that can be absorbed for
photosynthesis, resulting in more carbohydrates as food
reserves in the growth process (Rahman et a/. 2013). The
number of spikelets per panicle has a positive relationship
with the panicle length trait.

Number of total tillers positively correlated with the
;. This means that a clump of

ber of total ti]lcrsm} has a

large number of productive tillers. There is a positive

number of productive ti

rice plants with a large

correlation between the number of total tillers and the
number of productive tillers, which also positively correlated
with time of inflorescence emergencem time to maturity.
The time of inflorescence emergence correlated positively
with the time to maturity. Similar findings reported by
Rashid et am2014] revealed positive correlation rela-
tionships of the total number of tillers with the number of
productive tillers, the number of total tillers withun of
inflorescence emergence and time to maturity, and the
number of productive tillers with time of inflorescence

emergence and time to maturity. Time of inflorescence




240 - Plant Breed. Biotech. 2022 (December) 10(4):232~243

emergence had a positive and very high correlation with
time to maturity. When the inflorescence of a plant grows
more quickly, the harvest age is also faster and vice versa.
Therefore, selection of plants that grow inflorescences
quickly will result in plants with a short harvest age, though
the correlation to grain yield is negative.

The number of spikelets per panicle showed positive
correlations with weight of milled dry grain for both
orypic and phenotypic correlations. The increase in
number of spikelets per panicle will be followed by an
increase in the weight of milled dry grain. The weight of
dry milled grain is obtained from dry grain that is ready to
be milled with a maximum moisture content of 14%, for
which the filleggerain is selected by separating it from the
unfilled grain. The number of spikelets per panicle and the
weight of dry milled grain both positively carrw with
yield per plot. The positive association between the weight
of dry milled grain and the yield per plot reaches a value of
one for the genotypic correlation coefficient and nearly one
for the phenotypic correlation coefficient. Therefore, these
traits have a very strong genotypic relationship, for which
the correlation value is greater than that of the phenotypic
correlation. This suggests a higher genetic contribution
(Karim et al. 2014). The genotypic correlation coefficient,
which is in the same direction as the phenotypic correlation
coefficient show different genotypes affect phenotypic
appearance. Correlation is classified into two types: geno-
typic correlation and phenotypic correlation. The associa-
tion between two traits caused by genetic and envi-
ronmental factor is known as phenotypic correlation.
Genotypic correlation is defined as the association between
two traits caused by genetic factor so that can be inherited
due to pleiotropism and linkage disequilibrium (Mochado
et al. 2017). Pleiotropism results in a high correlation
because one gene can influence the expression of multiple
traits. The emergence of several traits controlled by two or
more genes on the same chromosome is referred to as
linkage disequilibrium. A higher genotypic correlation
coefficient indicates a genetic explanation where a strong
association between traits is caused by genetic, but their
expression is also inseparable from environmental influ-
ences, so that phenotypic correlation is also important to

study. Significant and strong associations coupled with

high estimates of heritability can be selected as selection
targets. Hence, thealection of these traits is important to
be able to improve grain yield (Fentie et al. 2014).

Both the number of total tillers and number of productive
tillers negatively correlated with plant height and ﬂagadf
length. The genotypic correlation between these traits was
greater than the phenotypic correlation, indicating that
genetic factors have a greater influence on expression.
Differences in the genetic composition of each genotype
cause differences in traitistics and traits, which affect
variability of plant performance. The ability of each
genotype to produce offspring is caused by genetic factors.
The number of tillers will be maximized if an individual
plant has good genetic traits and support from a favorable
growing environment (Yulina ef al. 2021). Short rice plants
generally have a greater number of tillers, and thus these
plants tend to be more resistant to lodging. The trait of the
weight of 1000 grains negatively correlated wa time of
inflorescence and time to maturity. The value of the weight
of 1000 grains is determined by the shape and size of the
seeds.

Sopym of the traits had non-significant correlations for
both genotypic and phenotypic correlations. Yield com-
ponent traits did not affect yield, except for the number of
grains per panicle and the weight of dry milled grain. The
associations between traits are not only influenced by
genetic factors but also by the contribution of genetics and
environment. Environmental contributions may allow an
improvement in the vegetative phase of plants but have no
effect on yield. Time of inflorescence emergence and time
to maturity showed non-significant correlations with plant
height, flag leaf length, panicle length, number of spikelets
per panicle, weight of dry milled grain, and yield per plot.
In addition to the state of the vegetative organs, pollen
survival is very important for pollination (Rahman et al.
2013). Changes in temperature can also cause ncompatibility
of ready pollen with the pistil. This causes the filling of
grains to be imperfect, resulting in unfilled grains. The
weight of grains is determined by whether the grains are
filled or unfilled. Correlation coefficient analysis reveals
that the improvement of the phenotypic traits that possess
positive and significant correlations with grain yield can

then increase grain yield.
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Path analysis between agronomic trait to yield

h analysis is performed by separating the components
of the correlation coefficients into direct and indirect
effects of trait relationships. The weight of dry milled grain
had the greatest direct positive effect on yield through both
genotypic and phenotypic correlations. Furthermore, the
weight of dry milled grain had a high correlation coefti-
cient of nearly one, indicating a very stm; relationship
between the trait and yield. An increase in the weight of dry
milled grain increases the yield per plot of rice. Islam ef al.
(2020) reported that filled grains positively and very
significantly correlated with yield (0.78). Therefore, the
selection will be effective which aims to get a genotype that
has high yields is carried out through of the weight of dry
milled grain t

Number of spikelets per panicle had the greatest indirect
effect on yield through both genotypic and phenotypic
correlation by weight of milled dry grain with a positive
value. The wcigajf dry milled grain becomes an interme-
diate factor for the number of spikelets per panicle and
achievement of high yielgser plot. According to Singh and
Chaudhary (1979), if a correlation coefficient is positive
but its direct effect is negative, then the indirect effect
seems to be cause of correlation. The number of spikelets
per panicle resulted in a positive moderate correlation
coeflicient for both genotypic and phenotypic correlation
on plot yield. Path analysis is very important for the results
by showing the contribution of traits to those results
through the division of the main correlation components
during selection (Muthuramu and Sakthivel 2018). In this
case, the indirect causal factors must be considered
simultaneously. The target trait for selection based on path
analysis is the weight of milled dry grains. This trait has a
high positive direct effect, and serves as an MImedialy for
the highest positive indirect effect, on the trait of the
number of grains per panicle. Furthermore, the correlation
coefficient of the weight of dry milled grains is nearly one,
indicating a very strong relationship. Weight of dry grains
had a significant impact on grain yield.

In path analysis, there is also the residual value, which
becomes another influence in addition to the effect caused

by the independent variable, and is thus oftenreferred to as

the residual effect. The very small residual value, which is
nearly zero, indicates that the applied path analysis was
more effective in explaining the causal relationship. This
causal relationship is derived from the correlation value,
and the observed trait provides a more complete explana-
tion of direct and indirect effects (Kartina et al. 2016).
Estimation of residual effects through genotypic correla-
tion (—0.01618) and phenotypic correlation (0.02646)
revealed that the traits examined in path analysis
contributed 100% and 97% of the yield variability per plot
respectively. Only 3% of the pathways are still unknown
through phenotypic correlation. Both environmental fac-
tors and cultivation practices can have an impact on yield
(Islam et al. 2020).

CONCLUSION

There were very significant differences among upland
rice genotypes for all observed traits. All of the observed
traits haﬁligh heritability. The highest coheritability value
was for plant height with time of inflorescence emergence
and the lowest was for flag leaf length with yi“ per plot.
The traits that positively comrelated on yield are the number
of grains per panicle and the weight of milled dry grains.
The weight of milled dry grains has the main direct
influence on the increase in yield (per plot). The high
estimated heritability values for the traits and strong
associations among traits, especially those that have a
direct positive effect on grain yield, can become indicators

in the selection criteria.
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