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SUMMARY

Black rice is useful as source of carbohydrate as well as to prevent some diseases.
Breeding on this rice is not as common as that of white rice. The objective of this
research was to obtain potential doubled haploid (DH) black rice lines that have
good agronomic performance based on selection index. The research was
conducted during November 2017 to April 2018 using a randomized complete block
design with three replications. The planting materials consisting of 54 DH lines
produced from anther culture and three cultivars as check cultivars, i.e., Aek
Sibundong, Inpari 24 and Ciherang were used in this study. Selection index was
developed based on broad-sense heritability of traits, followed by various statistical
techniques, such as correlation analysis, path analysis, and principal component
analysis (PCA). The results of this research indicated that panicle density (PD),
weight of 1000 grains (GWE) and the number of filled grains (NFG) showed
significant and positive correlation with grain yield (GY), while days to 50%
flowering (FL), flag leaf length (FLL) and number of unfilled grain (NUG) showed
significant but negative correlation with grain yield. Path analysis suggested GWE,
NFG and FL contributed directly to GY. Besides grain yield, selection of the right
model based on the best PC with highest eigen vector value of grain yield gave
three traits, i.e., FL, GWE and NFG, that can be used as selection criteria and
constructed selection index model. The constructed model of selection index (I) was
I=(3*0.39GY) + (-0.42 FL) + (0.23 GWE) + (0.44 NFG). Based on the positive
index values, 28 black rice DH lines were selected to be used in further yield trials.

Key words: Doubled haploid, heritability, selection index, path coefficient analysis,
principal component analysis, black rice (Oryza sativa L.)

Key findings: The present investigation indicated that besides grain yield, there
were three other traits, i.e., days to 50% flowering, 1000 grains weight and
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number of filled grain that could be used as supporting traits in constructing
selection index model for selecting potential doubled haploid black rice lines. Using
the selection index, 28 DH black rice lines with good agronomic traits were

selected.
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INTRODUCTION

Black rice is special food material
intended for good health with a
different market segment from white
rice, especially for people in Asia
(Muthayya et al., 2014). Black rice
belongs to Oryza sativa L., the same
species as white rice, but natural
anthocyanin plant pigments give them
five times more antioxidants and a
cultivar of extra benefits, such as anti-

cancer, anti-heart disease, anti-
diabetes, and anti-allergy activities
(Pratiwi and Purwestri, 2017;

Raghuvanshi et al., 2017; Shao et al.,
2018). Treated as functional food,
black rice has higher selling price than
white rice (Manikmas, 2010). In
Indonesia, local cultivars of black rice
is abundant but breeding of black rice
is not conducted as frequently as
white rice. Recently, the Indonesian
Ministry of Agriculture released four
pigmented rice cultivars, i.e., three
red rice cultivars, namely Arumba,
Pamelen and Pamera, and for the first
time released one black rice cultivar
namely Jeliteng (Padi, 2019). In
previous research efforts first
generation of pure lines regenerated
as doubled haploid (DH1) black and
red rice lines had been obtained
through anther culture technique and
evaluated in the green house
(Mawaddah, 2017; Mawaddah et al.,
2018). Those black rice pure lines
need to be evaluated and selected
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further in the field to obtain lines
having good agronomic performance
and high productivity.

Yield is the most important and
complex trait, directly and multiply
determined by yield-component traits
(Hairmansis and Kustianto, 2010;
Falconer and Mackay, 1996). Although
high-yielding genotypes can be
directly selected based on their yield,
direct selection is not much effective
on it because crop yield is a
quantitative trait and has a complex
genetic control mechanism (Islam et
al., 2017). Therefore, selection of
high-yielding genotypes may be more
effective if it also involves the
determination of traits contributing to
or affecting the yield traits. According
to Via et al. (2017) this type of
selection will be more effective if the
heritability of those traits, which
determines whether the traits can be
used as a selection criteria or not is
known.

Selection index method which
combines information on all the high
heritability traits associated with yield
in a linear regression model can be
used in selection process. The
selection based on such an index is
more efficient than selecting
individually for the wvarious traits
(Islam et al., 2017). Selection index
can be constructed based on several
analysis, such as correlation analysis,
path coefficient analysis and principal
component analysis. Correlation and
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path coefficient analysis simultaneouly
can effectively explain the correlation
among traits and the influence of a
trait directly and indirectly to the
dependent trait (Samonte et al.,

2013). Whilst, principal component
analysis is used for further selection of
traits so that a set of linear

combinations can be obtained which
can represent a large part of the
variance of the original data (Nayak et
al., 2018; Maji, 2012). The coefficient
of the selected principal components
can be standardized and used to
develop selection index formula. The
coefficients when combined with
economic weights for trait values can
make a new selection index formula
that can be used to rank the lines’
performance (Jolliffe, 2002; Sabouri et
al., 2008). The superiority of selection
based on index increases with an
increase in the number of traits under
selection (Raghuwanshi et al., 2016).
The objective of the research was to
obtain potential DH black rice lines
with good agronomic performance
based on selection index.

MATERIALS AND METHODS
Plant material

A total of 54 DH black rice lines
produced by anther culture were used
in this research. The lines were
derived from crossing as followed:
Leukat Itam x IR 85627-46-1-2-3 (6
lines), Malang x WI-44 (20 lines),
Malang x IR 85627-46-1-2-3 (21
lines), Purworejo x WI-44 (6 lines),
Purworejo x IR 85627-46-1-2-3 (1
line) (Mawaddah, 2017). Leukat Itam,
Malang, and Purworejo are black local
rice cultivars, while WI-44, and IR
85627-46-1-2-3 are high yielding elite
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lines. Two red rice varieties, i.e., Aek
Sibundong and Inpari 24, and one
white rice cultivar, i.e., mega cultivar
Ciherang, were wused as check
cultivars. The anther culture protocol
followed the method of Dewi et al.
(2004) and the lines were developed
as reported by Mawaddah (2017) and
Mawaddah et al. (2018).
Experimental and data
collection

design

The experiment was conducted in
Bogor (6° 33'43" South Latitude and

106°44'5" East Longitude) during
November 2017-April 2018. The
experiment was conducted in a

randomized complete block design
(RCBD) with three replications. The
single factor used was the 54
genotypes of DH black rice lines and
three check cultivars.

Twenty one-day old seedlings
were transplanted into an
experimental unit of 0.54 m x 4.32 m
plot, with plant spacing of 27 cm x 27
cm. Plots were fertilized with the
doses of 90, 36, and 60 kg ha™ N,
P,Os and K,O, respectively. Nitrogen
was devided at three applications, i.e.,
1/3 each at basal, maximum tillering,
and panicle initiation stage, while the
P,Os and K,O were applied as a basal
application. Vegetative phase plant
height (VPH), generative phase plant
height (GPH), number of vegetative
tiller (VT), number of productive tiller
(NPT), days to 50% flowering (FL),
flag leaf length (FLL), panicle length
(PL), panicle density (PD), 1000 grains
weight (GWE), number of filled grains
per panicle (NFG), number of unfilled
grains per panicle (NUG), total grain
number per panicle (TGS), and grain
yield (GY) were observed and
measured.



Data analysis

Broad sense heritability  (h%ps)
estimate of each trait was computed
according to the procedure outlined by
Falconer and Mackay (1996) as:
o2
h(as) = o_zix 1009%
0°g = genotypic variance,
o’p= phenotypic variance

According to Stansfield (1988)
the heritability is classified as:

Low = hz(Bs) < 20%
Moderate = 20% < h’gs) < 50%
High = h%gs)> 50%

The Pearson’s correlation and
principal component analysis, which
was used to determine the relationship
between traits and determine
important traits, were carried out
using the  Statistical Tool for
Agricultural Research (STAR) 2.0.1
from IRRI. Path coefficient analysis to
determine the causal relationship
between traits was carried out using
the R Program Statistic Tool Version
3.0.3.

The  selection index  was
determined according to Falconer and
Mackay (1996) by the following
formula:

I= A121+ A222+ A3Z3+ vees AnZn
I = Selection Index
A, = weight of the n" variable

Z, = the standardized phenotype
value of Z

433

Alsabah et al. (2019)

RESULTS AND DISCUSION

Estimation of heritability in broad
sense and correlation analysis
between traits

Heritability is a good index of
transmission of characters from
parents to its progeny. The results of
the analysis showed that all traits,
except for generative plant height,
have high heritability (Table 1). The
DH lines used in this experiment do
not have heterozygous loci as a result
from doubling of haploid chromosomes
spontaneously during in-vitro culture
of anthers (Dewi and Purwoko, 2012;
Purwoko, 2017). DH plants show high
homozygosity for every locus in the
genome for which they do not have
dominance gene action to affect their
traits (Seymour et al., 2011), and that
make all traits highly heritable. High
heritability indicates that genetic
factors contributed more to the traits
than environmental factors
(Nirmaladevi et al., 2015; Mishra et
al., 2015). Traits having moderate to
high heritability can be used efficiently
as selection traits (Bahar and Zein,
1993). Therefore, based on their
heritability, all traits can be used as
selection criteria.

Selection criteria as a key trait
in the selection process should be
constructed from number of those
traits which have high correlation
values (Falconer and Mackay, 1996).
Therefore, besides high heritability,
we also need to determine the
closeness of the relationship between
the traits. Correlation analysis
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Table 1. Mean basis variance analysis and estimation of broad sense heritability of

agronomic traits 54 DH black rice lines.

ds o N i
Grain yield or productivity 0.65 0.75 87.03 high
Vegetative phase plant height 18.68 27.66 67.53 high
Generative phase plant height 44.30 93.23 47.52 moderate
Number of vegetative tillers 12.75 17.30 73.70 high
Number of productive tiller 8.53 12.93 65.92 high
Days to 50% flowering 63.19 67.45 93.69 high
Flag leaf length 19.04 23.06 82.58 high
Panicle length 6.81 11.74 58.07 high
Panicle density 0.21 0.32 65.00 high
1000 grains weight 7.33 8.04 91.18 high
Number of filled grain 907.20 956.50 94.85 high
Number of unfilled grain 629.83 666.61 94.48 high
Total grains per panicle 378.00 414.12 91.28 high

o’g = Genotypic variance; o’p= Phenotypic variance;h%gs) = Broad sense heritability

performed here is one of the statistical
methods that can be used to study the
closeness of relationships between
independent traits and the dependent
trait, i.e., vyield. This closeness is
illustrated by -1 to +1 (Gomez and

Gomez, 1984; Agahi et al., 2007;
Akhtar et al., 2011; Seyoum et al.,
2012).

The results of the Pearson’s
correlation analysis showed that the
trait of the panicle density (0.44),
1000 grains weight (0.65) and the
number of filled grains (0.75) had a
high-positive correlation with the grain
yield. Meanwhile, the trait of days to
50% flowering (-0.80), the flag leaf
length (-0.51) and number unfilled
grains (-0.73) showed high-negative
correlation with the grain yield (Table
2). Positive and negative correlation
coefficient only indicated the absolute
position of the independent trait
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towards dependent trait (Shabana et
al., 2015). Therefore, the results
indicated that the increase in panicle
density, weight of 1000 grains and the
number of filled grain contributed to
high grain yield, whilst the decrease in
flag leaf length, days to 50%
flowering, and number of unfilled grain
also contributed to less droopy flag
leaf and early maturing genotypes
with high grain yield. This result is
similar to the study of Fazaa et al.
(2016) on doubled haploid rice lines
derived from anther culture and of
Agahi et al. (2007) on several high
yielding rice genotypes from IRRI.

Selection criteria for determining
good agronomic performance

The degree of correlation among yield
contributing characters is an important
factor, especially the characters



related to economic and complex
characters such as yield. Although the
correlation coefficient may provide
mathematical information on the level
of closeness between traits, it can not
imply cause and effect relationships
(Roy, 2000). To make the correlation
coefficient meaningful, many
researchers use the path coefficient
analysis in order to get a clear and
complete picture of the cause and
effect relationship among different
traits (Eshghi et al., 2011; Akhtar et
al., 2011; Seyoum et al., 2012;
Sanghera and Kashyap, 2012). In
selection, besides providing the path
coefficient values of the traits, this
path analysis also serves to prove the
effect of several traits on dependent
trait in the form of direct and indirect
effect (Kumar et al., 2017).

Based on the results of path
coefficient analysis, traits that have
highly significant Pearson’s correlation
coefficient also have direct effect on
grain yield (Table 2, Figure 1). These
traits were days to 50% flowering, flag
leaf length, panicle density, weight of
1000 grains, number of filled grains
and number of unfilled grains. All
direct effects towards grain yield per
plant were positive except for days to
50% flowering and number of unfilled
grain. Therefore, not only relationship
between traits and dependent trait
must have high correlation values, but
also the direct and indirect effect of
the traits to the dependent trait need
to be known to confirm that the trait
can be used as a selection criteria
(Falconer and Mackay, 1996; Jolliffe et
al., 2002; Rabiei et al., 2004; Yunianti
et al., 2010). The model gave the
residual effect of 0.46, which indicated
that the contribution of those
component traits on grain yield was
54%. However, only several traits that
have high path coefficient as well as
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high direct effect on grain yield can be
selected to be used as selection
criteria (Seyoum et al., 2012). Thus,
based on path coefficient analysis only
three traits, i.e., days to 50%
flowering (-0.27), weight of 1000
grains (0.36) and number of filled
grain (0.34) were chosen as selection
criteria.

Development of selection index
and selection of DH black rice
lines

Selection Index is a quantity
calculated using standardized
coefficients, where appropriate

weights are assigned to each trait

based on their relative importance,
heritability and genotypic and
phenotypic correlation between

different traits. The component traits
are combined into a score or an index
in such a way that selection is applied
to the index, as if, the index was a
single trait (Falconer and Mackay,
1996). Sabouri et al. (2008) stated
that trait coefficients could be
combined with weighting based on
economic values so that the resulting
selection index model was a
combination of true breeding value
and trait economic value.

In developing effective selection
index, principal component analysis
(PCA) can be used to compress data
sets of high dimensional vectors into
lower dimensional ones (Jolliffe,
2002). In this research, the results of
the principal component analysis
showed 4 PCs which have eigen values
of more than 1 and cumulative
proportion more than 80%.
Previously, according to Mattjik et al.
(2011) the PC with eigen values of
more than 1 are representative
models to be used as selection indices
because the variance can be highly
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Table 2. Pearson correlation analysis between traits in 54 DH black rice lines

Traits GY VPH GPH VT NPT FL FLL PL PD GWE NFG NUG TGS
GY 1
VPH 0.14 1
GPH -0.04 0.18 1
VT -0.18 -0.30 -0.23 1
NPT 0.06 -0.09 -0.11 0.72** 1
FL -0.80** -0.12 0.04 0.35** -0.02 1
FLL -0.51** 0.45** 0.11 0.20 0.07 0.68** 1
PL -0.06 0.09 0.29 -0.51** -0.48** 0.06 0.02 1
PD 0.44** 0.22 0.05 -0.29 -0.27 -0.32 -0.11 -0.16 1
GWE 0.65** 0.00 -0.28 0.19 0.35*%* -0.53** -0.41** -0.36** 0.17 1
NFG 0.75** 0.08 0.09 -0.57** -0.32 -0.83*%* -0.62** 0.25 0.52** 0.32 1
NUG -0.73** 0.14 0.14 0.18 -0.10 0.89**  (Q.77** 0.16 -0.11  -0.55** -Q.76%** 1
TGS 0.24 0.29 0.32 -0.66** -0.62** -0.15 0.02 0.58** 0.67** -0.21 0.57** 0.10 1
™ = highly significant at P <0.01; GY = grain yield or productivity, VPH= vegetative phase plant height, GPH= generative phase plant height, VT = number

of vegetative tiller, NPT = number of productive tiller, FL = days to 50% flowering, FLL= flag leaf length, PL= panicle length, PD = panicle density, GWE =
1000 grains weight, NFG = number of filled grain per panicle, NUG = number of unfilled grain per panicle, TGS = total grains per panicle.

@TI FLL ﬂ'.lﬂ 1

Figure 1. Diagram of path coefficient analysis of traits

that influence grain yield of DH black rice < “'f”
lines 3-333..'_'_" _—
. FLLPD=-001}
Description: «——— =direct effect; <------- = . Al m GWE=0.15 |
indirect effect; GY = grain yield; FL = days to 50% _ _
ﬂowering; FLL= Flag leaf |ength, GWE = 1000 grainS ] POLGWE =i:I.IIIIF:.:3 -_‘..-""'-.J.:_LL.NFG= 021 .': FLNUG= 0.1‘1.5
weight; NFG = number of filled grains; NUG = Number T e ;
of unfilled grains.
.. L PDNFG=017T @ -
GWENFG=0.12" ©
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Table 3. Principal component analysis of agronomic traits of DH black rice lines.

Traits PC1 PC2 PC3 PC4

Grain yield or productivity 0.39 -0.12 0.19 0.10
Vegetative phase plant height 0.04 0.20 0.59 0.35
Generative phase plant height 0.00 0.24 0.04 0.60
Number of vegetative tillers -0.23 -0.38 0.12 -0.03
Number of productive tillers -0.11 -0.41 0.21 0.32
Days to 50% flowering -0.42 0.12 -0.02 -0.18
Flag leaf length -0.33 0.17 0.42 0.08
Panicle length 0.04 0.38 -0.32 0.29
Panicle density 0.24 0.15 0.43 -0.49
1000 grains weight 0.23 -0.33 0.22 0.00
Number of filled grains 0.44 0.09 -0.05 0.02
Number of unfilled grains -0.38 0.23 0.16 -0.15
Total grains per panicle 0.20 0.44 0.13 -0.17
Standard deviation 2.17 1.84 1.23 1.01
Proportion of variance 36% 26% 12% 8%

Cumulative proportion 36% 62% 74% 82%
Eigen values 4.69 3.40 1.50 1.03

explained. Furthermore, Kumar et al.
(2016) and Anyaoha et al. (2018)
stated that the selection of the right
model also should be based on the
high PC eigen vector value of the
dependent trait. Therefore, the model
with the highest PC eigen vector value
of grain yield will be the true model to
be used as a selection index, because
in this research the dependent trait is
grain yield or productivity.

The PC 1 is the true model to be
used as a determinant of selection
index because the trait of grain yield
gives the highest PC coefficient or
eigen vector value (Table 3). High PC
eigen vector value on the grain yield
(GY) trait will maximize the selection
towards high productivity lines. PC1
also showed high eigen vector values
on days to 50% flowering (FL) and the
number of filled grain (NFG). The
negative coefficient on FL indicates
absolute position of trait variance
towards grain vyield. Therefore,
negative coefficient on FL and the high
eigen vector value on the NFG, will
maximize the selection of good
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agronomic performance lines that are
early maturing and have large number
of filled grains. Trait of a 1000-grains
weight can also be added and used in
selection index  formulation by
considering the high correlation value
(0.65) and its direct effect on the
grain yield trait as shown by Pearson’s
correlation analysis (Table 2) and path
analysis (Figure 1). The results of
principal component analysis also
indicated that each selected traits has
a large PC coefficient that can be used
in a model (Table 3). Before
establishing the selection index model,
the production traits were given a
weight of 3 to maximize the model as
suggested by Sabouri et al. (2008).
Based on this state, the model of
selection index (I) was formulated as
follow:

I = (3*0.39 GY) + (-0.42 FL) + (0.23
GWE) + (0.44 NFG).

The selection using the
standardized selection index showed
that by considering the positive value
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Table 4. Ranks of DH black rice lines based on selection index.

Agronomic Traits*

Rank Genotypes GY FL GWE NFG I **
(ton ha™) (DAS) (9) (grain/panicle)
1. MW2-7-1-2 3.77 58.0 26.9 165.6 7.88
2. MW2-7-1-1 3.14 60.0 27.4 129.7 5.24
3. MW5-19-1-2 3.14 61.7 23.5 121.9 4.95
4, MW2-7-1-3 2.32 60.3 25.6 136.5 3.73
5. Ciherang 2.80 70.0 28.7 92.3 3.18
6. Inpari 24 2.59 67.0 26.3 101.7 3.06
7. MW3-58-1-1 2.95 69.0 26.1 75.7 2.92
8. MW3-32-2-4 2.91 70.0 26.0 65.1 2.45
9. MW3-19-1-2 2.82 69.3 27.0 68.1 2.36
10. MW4-2-1-1 2.35 67.7 24.4 94.9 2.30
11. MW4-11-1-3 2.62 71.7 27.4 67.3 1.91
12. Aek Sibundong 2.29 70.0 29.9 85.5 1.85
13. MW3-58-1-2 2.64 69.7 27.2 64.5 1.84
14. MW4-2-2-1 1.70 66.7 24.3 114.0 1.58
15. MW4-11-2-3 2.47 71.0 26.2 63.2 1.44
16 MW4-62-2-1 2.40 70.7 27.9 63.4 1.30
17 MW4-40-1-5 2.17 57.0 26.1 76.5 1.27
18. MW3-24-1-1 2.25 70.0 28.2 69.5 1.18
19. MW3-58-2-5 2.16 68.7 28.0 73.3 1.14
20. MW3-58-1-3 2.21 69.0 28.5 68.7 1.09
21. MW3-12-1-2 2.25 70.7 27.8 65.3 1.05
22. MW3-9-2-1 2.28 77.7 21.4 62.3 0.97
23. MW3-58-2-1 2.28 70.0 27.4 58.7 0.87
24 MW4-19-1-1 2.15 72.0 28.3 59.3 0.61
25 MW4-17-1-1 2.11 72.7 26.1 61.6 0.60
26. MW3-24-2-5 2.27 72.0 26.2 49.3 0.52
27. MW4-53-1-1 2.13 72.7 26.6 51.2 0.29
28 MW3-24-1-4 2.09 71.3 25.8 50.6 0.17
29 MW4-11-2-2 2.05 71.0 27.9 51.2 0.12
30. MW4-11-2-1 1.88 71.3 28.9 59.9 0.06
31. MW6-8-1-1 1.57 68.3 21.1 77.9 0.01
32. MW3-24-1-2 1.95 71.0 27.3 53.8 -0.01
33. MW3-24-1-3 1.84 71.0 27.5 60.2 -0.02
34. MW5-5-1-3 1.53 57.0 24.7 78.1 -0.04
35. MW3-13-1-3 1.95 77.0 27.1 50.7 -0.14
36. MW4-2-1-2 1.41 75.0 21.5 79.0 -0.30
37 MW4-11-1-1 1.79 71.7 27.4 53.9 -0.35
38 MW3-13-1-2 1.76 76.0 26.3 51.0 -0.54
39 MW3-13-1-1 1.83 74.7 26.7 43.8 -0.62
40. MW3-24-2-6 1.69 72.3 27.3 48.4 -0.76
41. MW3-13-1-4 1.62 74.7 27.4 46.3 -1.00
42 MW4-53-1-2 1.69 74.0 26.5 39.3 -1.09
43 MW5-72-1-1 1.28 73.7 23.9 62.6 -1.15
44, MW4-62-2-2 1.52 73.0 28.7 45.8 -1.23
45. MW4-11-2-5 1.40 71.7 27.4 51.6 -1.27

*GY = grain yield, FL = days to 50% flowering, GWE = 1000 grains weight, NFG = number of filled grain per
panicle; DAS= days after sowing; ** I = standardized selection index.
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Table 4. (cont'd).
Agronomic Traits*
Rank Genotypes GY FL GWE NFG I **
(ton ha™) (DAS) (9) (grain/panicle)
46. MW5-6-1-2 0.87 75.7 22.1 69.7 -1.78
47. MW2-2-1-1 1.29 87.3 20.7 36.0 -2.09
48. MW3-9-3-1 1.22 81.0 23.8 36.1 -2.22
49. MW5-5-2-1 0.89 76.7 22.2 52.8 -2.35
50. MW5-6-1-1 0.62 74.3 22.8 63.4 -2.55
51. MW2-2-2-2 0.32 88.7 19.0 28.2 -4.47
52. MW4-46-1-1 0.06 91.0 19.8 18.4 -5.37
53. MW2-2-2-1 0.11 80.3 19.0 10.8 -5.51
54. MW4-6-1-3 0.09 90.7 21.2 10.4 -5.59
55. MW4-46-1-2 0.10 94.0 26.5 4.5 -5.76
56. MW4-6-1-2 0.11 88.7 22.0 3.0 -5.79
57. MW4-6-1-1 0.04 91.0 19.7 3.2 -5.95

*GY = grain yield, FL = days to 50% flowering, GWE = 1000 grains weight, NFG =

number of filled grain per

panicle; DAS= days after sowing; ** I = standardized selection index.

of the index, 28 DH black rice lines
were selected for further evaluation in
a preliminary yield trial (Table 4).

CONCLUSION

Based on  heritability, Pearson’s
correlation, path coefficient and
principal component analysis there
were four traits, i.e., grain yield (GY),
days to 50% flowering (FL), 1000
grain weight (GWE) and number of
filled grains (NFG) that can be used as
selection criteria to obtain good
agronomic performance and high
yielding plants. Twenty-eight (28) DH
black rice lines were selected by using
positive value of the index derived
from standardized selection index (zI)
= (3 * 0.39 GY) + (-0.42 FL) + (0.23
GWE) + (0.44 NFG).
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