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Abstract. Karima AW, Putri RK, Purwoko BS, Dewi IS, Suwarno WB, Kurniawati A. 2021. Selection of doubled haploid black rice lines
in advanced yield trial based on multivariate analysis. Biodiversitas 22: 5425- 5431. Research on the development of black rice has not
received much attention. The anther culture technique can shorten the plant breeding process and produce doubled haploid (DH) lines.
The target of this study was to evaluate DH black rice lines with early maturity, good agronomic performance, and high yields. Twenty-
seven doubled haploid lines and three check varieties (Aek Sibundong, Inpari 24, and Jeliteng) were evaluated at two locations (Kediri,
East Java, and Bogor, West Java) from January to July 2020. A randomized complete block design was applied to this study with three
replicates. The combined analysis results showed that the genotype effect (G) was highly significant (p < 0.01) for all characters. In
addition, all characters had a high broad-sense heritability. Characters that were positively correlated with yield based on genotypic and
phenotypic correlation were the number of productive tillers, the number of vegetative tillers, panicle length, the number of filled grains,
and the number of total grains. The 1000-grains weight and panicle length had a positive and the largest direct effect on yield. Principal
component analysis showed that the number of productive tillers and the 1000-grains weight were related to yield. The selection index
model that can be formulated is as follows | = (3*0.375*Yield) + (0.723* 1000-grains weight) + (0.280* Number of productive tillers).

Based on the selection index, 14 genotypes were selected.

Keywords: Anther culture, combined analysis of variance, correlation, functional food path analysis, principal component analysis

INTRODUCTION

Black rice, included in the Oryza sativa L., can be used
as a functional food and has health-related benefits (Pratiwi
and Purwestri 2017). It is because of anthocyanin content,
phenolic acid, flavonoids, and antioxidant activity, which
positively correlated to each other and higher than that of
red and white rice (Pengkumsri et al. 2015). A study
reported that the anthocyanin content in black rice is 5.121
+ 0.521 mg GAE/qg, flavonoid content is 9.824 + 1.546 mg
QE/g and antioxidant capacity is 6.308 + 0.318 mg
AEAC/g (Yuliana and Akhbar 2020). The anthocyanin is
the expression of the Kala4 gene and accumulates in the
pericarp (Oikawa et al. 2015). The anthocyanin can be
antihyperlipidemic, antihyperglycemic, to prevent hyper
diabetic syndrome in fructose-fed, and used as dietary
supplements (Prasad et al. 2019). The anthocyanin in black
rice has a function as an antidote to free radicals and an
antioxidant. The antioxidant activity of black rice is
directly proportional to its phenolic, flavonoid, and
anthocyanin content (Phan et al. 2018; Priya et al. 2019).

Research on the development of black rice has not
received much attention due to the limited varieties
available for planting seeds, late maturity, low yield, and
susceptibility to bird pests (Hanifah et al. 2016). One
approach to solve this problem involves the use of

biotechnology breeding techniques such as anther culture
to develop black rice varieties with early maturity and
high-yielding ability. The anther culture technique
supported doubled haploid (DH) homozygous plants
production from the F1. Plant breeding process with anther
culture technique is shorter than other conventional rice
plant breeding methods which take very long time (7-10
years) to get pure lines (Dewi and Purwoko 2012).
Previous researches successfully produced fertile DH lines
that have good agronomic performances. Azmi et al. (2017)
produced DH lines from anther culture of the F1 produced
from crosses between lowland and cultivated black rice
varieties. Maharani et al. (2020) induced and regenerated
callus for black rice indica, while Mawaddah et al. (2018)
produced the DH lines of red rice with high yield from
anther culture. Alsabah et al. (2019) characterized DH lines
in the preliminary yield test (PYT). DH lines must be
evaluated further in the advanced yield test (AYT). AYT is
one of the steps needed to test lines before being selected
and tested in several locations to be re-selected again as
potential candidates of varieties (Endelman et al. 2014).
The selection used in this research was index selection.
Index selection uses several characters (secondary
characters) simultaneously in a linear model. Index
selection aims to increase the genotypic value in the
population (Hazel et al. 1994; Sabouri et al. 2008).
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Selection can be made optimally by knowing the value of
heritability, the correlation between characters, and the
direct and indirect effects of a character (Silva et al. 2020).
The principal component analysis is used to obtain a more
effective selection index. The principal component analysis
is an informative multivariate statistical tool, classifying
the data individually based on the similarity and rank based
on PC score. The principal component analysis also aims to
minimize the number of data components that can explain
the maximum variance of the overall variance (Gour et al.
2017; Alsabah et al. 2019; Inés Diel et al. 2019). This study
aimed at evaluating the doubled haploid lines of black rice
which is early maturing, good agronomic performance, and
high yields.

MATERIALS AND METHODS

Plant materials

This study employed 27 doubled haploid lines (Table 1)
obtained from the anther culture of five F1 populations and
three check varieties (Aek Sibundong, Inpari 24, and
Jeliteng) as the plant materials. The study was conducted in
two locations (Kediri, East Java, and Bogor, West Java,
Indonesia) from January to July 2020.

Procedures

The experiment was laid out in a randomized complete
block design with three replications to make 90 plots at
each location. A plot of 3 m x 3 m with a planting space of
25 cm x 25 cm was planted with each genotype. The
fertilizers used were 300 kg ha™ of urea, 100 kg ha?* KClI,
100 kg ha* SP-36, and 50 kg ha* NPK. Urea was applied
three times at 7 days after planting (DAP), 35 DAP, and 45
DAP, 1/3 dose each. KCI and SP-36 fertilizers were
applied once at 7 DAP. NPK fertilizer was applied at 45
DAP. Harvesting was carried out when 90% of panicles
had turned vyellow in each experimental plot. The
variables observed in this study were plant height
(cm), number of vegetative tillers, number of productive
tillers, days to 50% flowering, days to harvesting, panicle
length, number of filled grains per panicle, number of
unfilled grains per panicle, number of total grains per
panicle, 1000-grains weight, and yield (t ha™?).

Data analysis

The combined analysis of variance was conducted to
study the effects of genotype, environment, and genotype x
environment interactions. The analysis was performed
using the SAS 9.4 software. The broad-sense heritability
suggested if a character is suitable to be used in the
selection process, and was estimated using the following
formula.

Where: h? is broad sense heritability; 6%y and o%y are
genotypic and phenotypic variance. Heritability values are
grouped into three categories, low h?;s < 0.20; medium
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0.20 < h?%s < 0.50; and high 0.50 < h% < 1.00 (Alsabah et
al. 2019). The coefficient of variation (CV) and the
genotypic coefficient of variation (GCV) were calculated
using the following formula.

VIMSE
v = x 100%
x
V9%
GCV = = x 100%

MSE was the mean square error; and ¥ was mean for
character x. According to Dabalo et al. (2020), the GCV
was categorized into three categories, namely low (0-10%),
moderate (10-20%), and high (> 20%).

Correlation analysis was used to elucidate the linear
relationship among yield and other agronomic characters.
Correlation analysis was carried out in two parts, namely
genotypic correlation analysis and phenotypic correlation
analysis. It was to compare the influence of the environment.
The genotypic and phenotypic correlation analyses were
based on Kassahun et al. (2013). Path analysis was conducted
to estimate the direct and indirect effects of several agronomic
characters on yield (Singh and Chaudhary 2007). The R
software with ‘Agricolae’ and ‘Variability’ packages was
used for correlation and path analysis. The principal
component analysis was a statistical multivariate technique
that identified the correlation between the observed
variables, classified, and compared the DH lines. The data
to be analyzed were first standardized. Data standardization
aimed to eliminate the units of measurement on the
observed variables and convert them into the same scale.
The scale was distributed symmetrically and grouped into
principal components (PC) (Hamidou et al. 2018; Al-
Naggar et al. 2020). Principal components analysis (PCA)
were performed using the correlation matrix (Pérez-
Rodriguez et al. 2020). The principal component analysis
was performed using R ‘factoextra’.

Table 1. Twenty-seven doubled haploid (DH) lines and three
check varieties

Code DH lines Code DH lines

1 MW2-7-1-1 16 MW4-2-1-2

2 MW2-7-1-2 17 MW4-2-2-1

3 MW2-7-1-3 18 MW4-11-1-3

4 MW3-19-1-2 19 MW4-11-2-3

5 MW3-24-1-1 20 MW4-17-1-1

6 MW3-24-1-3 21 MW4-19-1-1

7 MW3-24-1-4 22 MW4-40-1-5

8 MW3-24-2-5 23 MW4-53-1-1

9 MW3-32-2-4 24 MW4-62-2-1

10 MW3-58-1-1 25 MW5-5-1-3

11 MW3-58-1-2 26 MWS5-19-1-5

12 MW3-58-1-3 27 MW6-8-1-1
Check varieties

13 MW3-58-2-1 1 Aek Sibundong

14  MW3-58-2-5 2 Inpari 24

15 MW4-2-1-1 3 Jeliteng

Note: MW2: Leukat Itam/IR 85627-46-1-2-3, MW3: Malang/WI-
44, MW4: Malang/IR 85627-46-1-2-3, MWS5: Purworejo/WI-
44, MW6: Purworejo/IR 85627-46-1-2-3
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Characters with correlations and positive effects on
yield were selected simultaneously based on the weighted
selection index, and then the genotypes were ranked based
on their index value (Hidayatullah et al. 2018). The
weighted selection index (1) was calculated using the
formula according to Kang (2015).

I = Z bixl- = b1X1 + b2x2 + b3X3 ..t bnxn

I is the selection index of a genotype; by is the weight
given to the n™ character; andx,is the standardized
genotype mean of the n" character. The standardized
genotype means were obtained using the formula.

(i —%x)
ij o 5;

Where: pj; is the standardized mean of the i genotype
on j" character; x; is the mean of i genotype on j®
character; % is the mean of j" character; and s; is the
standard deviation of the ji" character.

RESULTS AND DISCUSSION

Combined variance analysis and heritability

The combined variance analysis revealed that the
genotypic effect was significant (p<0.01) for all
characters (Table 2). Several studies have shown that the
genotype had a significant effect on all observed characters
(Banterng dan Joralee 2015; Akbar et al. 2019; Vaibhav et
al. 2019). A significant environmental effect was observed
only for the number of productive tillers, days to harvest,
number of filled grains per panicle, number of total grains,
1000-grains weight, and yield (Table 2). This indicated that
the genotype had a greater effect on DH lines performances
than the environment. However, conducting experiments in
various locations representing different environments is
still important to select DH lines with good agronomic
characteristics and high yield (Banterng and Joralee 2015).
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The G x E interaction had a significant effect on plant
height, number of filled grains, number of unfilled grains,
number of total grains, days to 50% flowering, days to
harvest, 1000-grains weight, and yield. The presence of
interaction between genotype and environment can be
challenging because the improved varieties should have
high yield and superior agronomic traits in various
environmental conditions (Ferreira et al. 2006; Krismawati
and Arifin 2011).

The coefficient of variation (CV) was an indicator of
the reliability of the experiment (Couto et al. 2013; Kozak
et al. 2013). The CV can be classified as low (CV < 5%),
medium (5% < CV < 15%), high (15.0% < CV < 21.0%)
and very high (CV > 21.0%) (Couto et al. 2013). The
number of filled grains had the highest CV while days to
harvesting were the lowest (Table 2). Besides plot
homogeneity, the CV is also influenced by the sensitivity
of the respective trait to environmental changes. The plant
height, days to flowering, and days to harvest, panicle
length, 1000-grains weight had a low CV, whereas the
number of vegetative tillers, the number of productive
tillers, number of filled grains, number of unfilled grains,
number of total grains, and yield had a moderate CV.

The genotypic coefficient of variancein this
study ranged from 2.91% to 61.49% (Table 3). The low
GCV is found in the character of the number of unfilled
grains, days to harvesting, and days to 50% flowering. The
plant height, 1000-grains weight, and yield had moderate
GCV. The number of vegetative tillers, number of
productive tillers, panicle length, number of filled grains,
and number of total grains had high GCV. All characters
had high broad-sense heritability, ranging from 0.70 to
0.86. This result ties well with previous studies wherein all
characters of 54 DH lines of black rice had high heritability
values (Alsabah et al. 2019). According to Seyoum et al.
(2012), high heritability indicated that the variability of the
trait is mainly caused by the genetic factor. High
heritability also indicated a small effect of environment on
the expression of these characters (Ogunniyan and Olakojo
2014). Characters with high heritability values and high
GCV values may be involved in the selection of the best
lines (Ahsan et al. 2015).

Table 2. Mean squares and coefficient of variations for 11 traits of DH lines of black rice

Mean square

Traits Genotype Environment Interaction CV (%)
(G) (E) GxE
Plant height (cm) 235.15%* 2072.24** 80.04** 4.10
Number of vegetative tillers 20.80** 2141.48** 8.85 13.75
Number of productive tillers 17.28** 79.33 4.59 12.84
Days to 50% flowering (DAS) 19.78** 1405.61** 16.39** 1.65
Days to harvesting (DAS) 16.77** 8.02 13.71** 1.37
Panicle length (cm) 38.05** 115.55** 5.05 9.57
Number of filled grains 1652.10** 14796.80 284.09* 16.20
Number of unfilled grains* 1.04* 204.80** 1.33** 14.79
Number of total grains 1915.56** 1002.53 338.06** 12.26
1000-grains weight 15.0** 0.19 7.75%* 6.23
Yield (t ha'l) 0.92** 0.36 1.78** 10.32

Note: * and **: significant at 5% and 1% level, respectively. DAS: days after sowing. #: data transformed by formula (x+0.5)%°
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Table 3. Estimates of variance components and heritability for 11 characters of DH lines of black rice

Character Mean 6% 62 62on Heritability GCV
PH 90.65 232.66 22.08 282.48 0.82 16.83
NVT 19.87 20.01 0.46 23.58 0.85 22.51
NPT 15.91 19.66 0.14 23.01 0.85 27.86
DF 84.38 26.77 4.82 33.64 0.80 6.13
DH 115.47 21.38 3.73 26.81 0.80 4.00
PL 21.39 50.79 0.29 59.40 0.86 33.32
NFG 77.05 2244.49 42.77 2639.96 0.85 61.49
NUG 28.05 0.67 0.25 0.90 0.74 291
NTG 105.10 2624.47 57.38 3090.57 0.85 48.74
WG 27.79 18.02 1.58 21.82 0.83 15.27
YLD 5.46 0.91 0.49 1.30 0.70 17.45

Note: 6%: Genotypic variance; o%ge: G X E interaction variance; o%n: Phenotypic variance; GCV: Genotypic coefficient of variance; PH:
Plant height; NVT: Number of vegetative tillers; NPT: Number of productive tillers; DF: Days to 50% flowering; DH: Days to harvest;
PL: Panicle length; NFG: Number of filled grains; NUG: Number of unfilled grains; NTG: Number of total grains; WG: 1000-grains

weight; and YLD: Yield

Correlation and path analyses

The genotypic correlation coefficient was greater than
the phenotypic correlation coefficient (Table 4). This was
also reported by Anshori et al. (2019) for DH rice lines in
saline lowland, Kole et al. (2008) on aromatic non-basmati
rice, and Seyoum et al. (2012) on upland rice. The
characters with a high genotypic correlation indicated that
the linear relationship among these characters is mainly due
to genetics rather than environmental factors (Sousa et al.
2015; Akbar et al. 2019).

The number of vegetative tillers, number of productive
tillers, panicle length, number of filled grains, and number
of total grains were found to be positively and significantly
correlated with yield, both at genotypic and phenotypic
levels (Table 4). This indicated that these characters would
improve the yield of DH lines. Days to flowering had a
positive and significant genotypic correlation on yield but
had a non-significant phenotypic correlation with yield. It
indicated that days to flowering were mainly due to
genetics. The number of vegetative tillers, the number of
productive tillers, days to 50% flowering, and panicle
length were positively and significantly correlated with
yield, which was also reported by Anshori et al. (2019).
The correlation between yield with the number of filled
grains, unfilled grains, and total grains was also reported by
Seyoum et al. (2012). Plant height and 1000-grains weight
do not have a significant correlation with yield. Tall plants
may have low yield because of lodging (Dewi et al. 2009).
The correlation may not provide the importance of each
component in determining the yield. Path analysis was
necessary to further elucidate the correlation between these
traits (Bayat et al. 2017; Chen et al. 2021).

The genotypic correlations are partitioned into direct
and indirect effects (Table 5) by adding 1000-grains
weight. Although the 1000-grains weight did not imply any
correlation based on both correlations, it still can have
another type of association or have a non-linear correlation
with yield (Sousa et al. 2015). Alsabah et al. (2019) and
Oladosu et al. (2018) found that the 1000-grains weight had
a high and significant relationship with yield. The path

analysis presented herein was based on the genotypic
correlation. According to Anshori et al. (2019), the
genotypic correlation was better as a basis for selection
than the phenotypic correlation because there was no
environmental effect.

The path analysis results (Table 5) showed that the
1000-grains weight and the panicle length had a positive
and the largest direct effect on yield, which was also found
by Saleh et al. (2018), Seyoum et al. (2012), and Kole et al.
(2008). The number of vegetative tillers, the number of
productive tillers, the number of filled grains, and the
number of total grains per panicle also showed a positive
direct effect on yield. Anshori et al. (2019) also reported
the positive direct effect of the number of productive tillers
on yield. The residual effect was high (0.77), which may be
due to the effects of the incidental variables that were not
observed in the study (De Barros et al. 2018), or the
adverse effects of the multicollinearity in the X’X matrix
(Bizeti et al. 2004). According to path analysis, the 1000-
grains weight, panicle length, number total of grains,
number of filled grains, number of productive tillers, and
number of vegetative tillers can therefore potentially be
used as selection characters for yield.

Selection of doubled haploid lines of black rice

The characters with good economic value, high
heritability, a positive correlation, and a large direct effect
based on correlation with yield would be utilized in the
selection index. In addition, PCA was observed to obtain
the index weights. Several studies that used PCA to obtain
character weights for the selection index model were Akbar
et al. (2018), Alsabah et al. (2019), and Anshori et al.
(2019). The results of the PCA showed that the first three
components had eigenvalues > 1 of the 13 principal
components. This was also reported by Hamidou et al.
(2018) that in their study, the first three components had
eigenvalues > 1 of the seven main components. Alsabah et
al. (2019) wused the principal components having
eigenvalues > 1.
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Table 4. Correlation coefficients of genotypic (below diagonal) and phenotypic (above diagonal) among characters of DH lines of black

rice

Character PH NVT NPT WG NFG NUG NTG PL DF DH YLD
PH 0.08" -0.07"™ 0.24* 0.18™ -0.02"  0.16™ 0.18m 0.44**  0.43** 0.18™

NVT 0.10m 0.9** 0.17m -0. 50**  -0.25* -0.56** -0.52** -0.19" -0.25* -0.22*
NPT -0.06™ 0.88** 0.19 -0.63**  -0.25* -0.69**  -0.63** -0.27* -0.23*  -0.23*
WG 0.36* 0.18" 0.19" -0.21* -0.01™  -0.20"™ -0.08"™ 0. 10m 0.10m 0.14"

NFG 0.28" -0.98**  -0.82** -0.31™ -0.06™  0.92** 0.79** 0.37**  0.46** 0.29**
NUG -0.49**  -0.88**  -0.41** -0.15™ 0.16" 0.33** 0.21m 0.20m 0.13 0.04"

NTG 0.22ms -0.97**  -0.87** -0.29™ 0.97** 0.4** 0.83** 0.43**  0.49** 0.30**
PL 0.24ns -0.77%*  -0.77** -0.07™  0.96** 0.32m 0.96** 0.41**  0.48** 0.30**
DF 0.53** -0.49**  -0.52**  (0.16" 0.50** 0.27" 0.52** 0.51** 0.59**  0.20"

DH 0.61** -0.62**  -0.69**  (0.15" 0.73** 0.22" 0.73** 0.75** 0.76** 0.32**
YLD 0.28" -0.46* -0.39 * 0.34" 0.52** 0.66" 0.52** 0.67** 0.44* 0.74m

Note: ns, * and **: non-significant, significant at 5% and 1% level, respectively. PH: Plant height; NVT: Number of vegetative tillers;
NPT: Number of productive tillers; DF: Days to 50% flowering; DH: Days to harvesting; PL: Panicle length; NFG: Number of filled

grains; NUG: Number of unfilled grains; NTG: Number of total grains; WG: 1000-grains weight; and YLD: Yield.

Table 5. Genotypic path analysis of several characters on yield of DH lines of black rice

Indirect effect

Character Direct effect NVT NPT WG NEG NTG PL
NVT 0.114 0.018 0.009 -0.022 -0.026 -0.045
NPT 0.177 0.018 0.015 -0.029 -0.036 -0.070
WG 0.449 0.009 0.016 -0.027 -0.031 -0.016
NFG 0.197 -0.022 -0.029 -0.027 0.045 0.097
NTG 0.234 -0.026 -0.036 -0.031 0.045 0.115
PL 0.509 -0.045 -0.070 -0.016 0.097 0.115

Note: NVT: Number of vegetative tillers; NPT: Number of productive tillers; PL: Panicle length; NFG: Number of filled grains; NTG:
Number of total grains; WG: 1000-grains weight. Residual effect: 0.77

The estimates of the broad-sense heritability indicated
that all characters were classified as highly heritable.
Characters positively correlated with vyield were the
number of vegetative tillers, the number of productive
tillers, days to flowering, panicle length, the number of
filled grains, and the number of total grains. Characters
with a positive and high direct effect on yield were the
number of filled grains per panicle, number of productive
tillers, panicle length, and 1000-grains weight. Characters
with a similar direction to the yield were characters that
support high yield performance (Akbar et al. 2021). The
yield in PC3 was associated with the character of plant
height, number of vegetative tillers, number of productive
tillers, the 1000-grains weight, days to flowering, and days
to harvest (Table 6).

Based on heritability, correlation analysis, path
analysis, and principal component analysis, the characters
used as selection characters were the number of productive
tillers, 1000-grains weight, and yield. A similar approach
was done by Sabouri et al. (2008) who used grain yield,
1000-grains weight, and the number of productive tillers in
the selection index model on Iranian traditional rice
variety. The yield was an important character in the
selection, and therefore the weight of this variable was
multiplied by three. This was also performed by Alsabah et
al. (2019) to maximize the selection model. Therefore, the
selection index model can be formulated as follows, | =
(3*0.375*YLD) + (0.723*WG) + (0.280*NPT), where

YLD is yield, WG is 1000-grains weight and NPT is
number of productive tillers.

The genotype means of the selected characters were
standardized and then used for calculating the selection
index. Fourteen DH lines of black rice with higher index
values than Aek Sibundong and Jelitheng were selected to
proceed to the multilocation trial (Table 7). These lines are
MW3-24-1-5, MW3-32-2-4, MW2-7-1-2. MW6-8-1-1,
MW3-58-1-3, MW3-19-1-2, MW3-24-1-4, MW2-7-1-1,
MW?2-7-1-3, MW3- 58-1-1, MW3-24-1-1, MW4-2-1-2,
MW4-53-1-1, and MW4-2-2-1. The fourteen lines had
good agronomic characteristics with the mean yield of 5.2 -
6.2 t hal, plant height of 88.1 - 102.4 cm, number of
productive tillers of 12.0 - 18.6 tiller hill, the 1000-grains
weight of 27.5 - 29.6 g, number of filled grains of 59.3 -
112.7 grain.panicle®, panicle length of 19.3 -26.90 cm, and
days to harvest of 114.7 - 120.3 days after sowing.

In conclusion, based on the results of analysis of
variance, heritability values, correlation analysis, path
analysis, and principal component analysis, the characters
that can be used for selecting doubled-haploid rice lines of
black rice are yield, 1000-grains weight, and the number of
productive tillers. The selection index model was
formulated as follows: | = (3*0.375*YLD) + (0.723*WG)
+ (0.280*NPT). Fourteen DH lines of black rice with
higher index values than Aek Sibundong and Jelitheng
were selected.
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Table 6. Eigenvectors, eigenvalues, and cumulative variance of
the three main components from the PCA analysis of DH lines of
black rice

Characters PC1 PC2 PC3
PH 0.325 -0.166 0.751
NVT -0.782 -0.213 0.332
NPT -0.849 -0.245 0.280
WG -0.136 0.120 0.723
NFG 0.965 -0.089 -0.159
NUG 0.207 0.939 -0.098
NTG 0.948 0.151 -0.172
PL 0.926 0.154 -0.061
DF 0.596 0.194 0.479
DH 0.742 0.120 0.467
YLD 0.516 0.142 0.375
% Cumulative variance 48.05 65.192 80.109
Eigenvalues 6.247 2.228 1.939

Note: PH: Plant height; NVT: Number of vegetative tillers; NPT:
Number of productive tillers; DF: Days to 50% flowering; DH:
Days to harvest; PL: Panicle length; NFG: Number of filled
grains; NUG: Number of unfilled grains; NTG: Number of total
grains; WG: 1000-grains weight; and YLD: Yield

Table 7. Ranks of DH lines of black rice based on the weighted
selection index

Number of Weight of
DH lines Yield productive 1000 |
tillers grains
MW 3-24-2-5 5.93 12.0 27.88 2.39
MW 3-32-2-4 6.16 14.0 28.24 2.15
Inpari 24 5.75 13.1 27.96 1.94
MW 2-7-1-2 5.87 18.2 28.03 1.90
MW6-8-1-1 5.37 16.5 28.99 1.82
MW 3-58-1-3 5.34 17.4 27.38 1.73
MW 3-19-1-2 5.55 17.4 29.08 1.65
MW 3-24-1-4 6.18 135 29.40 1.09
MW 2-7-1-1 5.99 16.7 28.88 0.75
MW 2-7-1-3 5.24 18.6 29.14 0.43
MW 3-58-1-1 4.66 15.0 25.02 0.41
MW 3-24-1-1 5.83 16.0 29.23 0.37
MW 4-2-1-2 5.58 18.4 25.78 0.25
MW 4-53-1-1 5.26 17.4 28.21 0.18
MW 4-2-2-1 5.32 13.8 26.74 -0.04
MW 3-58-2-5 5.52 17.1 27.54 -0.15
MW 3-58-2-1 5.51 14.0 28.08 -0.17
MW 4-17-1-1 5.29 16.2 28.29 -0.21
MW 4-11-1-3 5.01 16.7 28.36 -0.22
MW 3-24-1-3 5.40 16.8 27.38 -0.28
MW 5-5-1-3 5.02 15.2 27.01 -0.36
MW 4-11-2-3 4.63 17.7 29.17 -0.92
MW 4-62-2-1 5.18 17.0 29.54 -0.98
MW 4-2-1-1 5.04 15.2 28.52 -1.21
MW 4-40-1-5 5.51 16.0 26.69 -1.45
MW 4-19-1-1 5.10 16.1 25.89 -1.73
Aek Sibundong  5.71 17.6 29.57 -1.78
MW 5-19-1-2 5.42 14.5 24.65 -1.87
Jelitheng 5.89 14.7 29.77 -1.95
MW 3-58-1-2 5.55 14.8 23.37 -3.73

Note: | is the weighted selection index; | = (3*0.375*YLD) +
(0.723*WG) + (0.280*NPT)
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