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Abstract

Agronomic characterization of M4 generation mutant lines revealed better mutants compared to
Pinilisa rice in terms of days to 50% flowering, days to maturity, percent filled spikelets per panicle,
number of filled spikelets per panicle, number of productive tillers, 1000-grain weight, and computed
yield at 14% moisture content (MC). Mutants are shorter in height, longer in grain length, and lower in
grain width than Pinilisa rice. The maturity of the mutant lines ranges from 111 to 121 days after sowing
(DAS). Yield (t/ha) of mutants ranged from 4.48 to 8.18 t/ha. All mutants characterized are identified
as promising lines. Correlation analysis showed a moderate linear relationship between days to 50%
flowering, days to maturity, grain length, and number of filled spikelets per panicle. Grain yield has a
strong linear relationship with 1000-grain weight.

Keywords: induced mutation, mutation breeding, rice, wild type, yield

INTRODUCTION

The application of induced mutation for crop
improvement is termed mutation breeding.
Mutation breeding is done by subjecting the
plant parts, such as seeds, pollen grains, or
vegetative propagules, to radiation or chemical
treatment. Variability is created during the
process. Mutation breeding is mainly performed
to improve yield, shorten maturity, improve
grain quality, and enhance plant architecture
(Bughio et al., 2007). A new variety can be
developed in a relatively shorter period of time.
Homozygous lines can be obtained in four crop
cycles. At this stage, more stable traits are
exhibited. Mutation breeding is an important
tool in the development of novel crop varieties
to address issues with global food security (Yali
& Mitiku, 2022; Devi et al., 2025). More than
3,000 improved crop varieties, including many
rice varieties, have been developed worldwide
through mutation breeding (Pandit et al., 2021)

Several experiments have been conducted using
rice as the subject crop because of its
importance. It is one of the major food crops in
the world. A traditional variety called Pinilisa
rice has been studied to improve its qualities.
Traditional varieties are typically cultivated in
lesser quantities because of their poor yield
performance, longer maturity, and lodging
susceptibility. Pinilisa is a pigmented rice raised
in upland farms in Northern Luzon, mostly in
the province of Isabela, Philippines (Temanel &
Temanel, 2010). It is an export commodity of
the province, but Pinilisa’s low yield of 1.013
t/ha and long maturity of 145 days create a
hindrance in its production because farmers
would rather raise varieties where they can get
more profit in a shorter period of time. At this
stage, Pinilisa rice is being experimented with
using mutation breeding to improve its qualities.
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MATERIALS AND METHODS

Source of planting materials

One kilogram of Pinilisa rice was
irradiated with 50 grays of gamma radiation at
the Philippine Nuclear Research Institute
(PNRI), Quezon City, Philippines, for the M1
generation. Fifty mutant lines were evaluated
for M2 and M3 generations for early maturity
(up to 112 days after sowing) and heavier grain
weight (23 grams/1000 grains). The M4
generation seeds used in the study were
acquired from the harvested seeds of Barrientos’
(2023) recent study regarding the agro-
morphological  characterization of M3
generation Pinilisa mutants. A total of 25 mutant
lines were evaluated: 13 for early maturity of 92
DAS or less, and the other 12 for having a heavy
grain weight of 17.32g/1000 grain or more
(Table 1). The seeds were stored in the
Department of Crop Science, College of
Agriculture, Central Luzon State University,
while the check varieties, namely NSIC Rc218
and NSIC Rc308, were acquired from a seed
center in Cabanatuan City, Nueva Ecija. The
Pinilisa rice (wild type) was acquired from the

Research Office at Central Luzon State
University, Science City of Mufioz, Nueva
Ecija, Philippines.

Land Preparation

The field was initially prepared by
plowing it twice using a hand tractor and a disc
harrow. It was then harrowed two weeks after
plowing. It was leveled carefully to ensure
uniform irrigation.

Experimental Design and Layout

The experimental field was laid out
following an augmented lattice design with five
blocks. The total experimental area was 185.6
m2. The area was divided into five blocks, each
having an alternating distance of 1m and also a
1m border distance. Eight entries were assigned
to each block, with a total of 40 entries. The
length of each entry was 1.2 m and a width of 2
m. The area of each entry was 2.4 m2. Twenty-
five mutant lines were assigned randomly to
every block, including NSIC Rc308 (Tubigan
26), NSIC Rc218 SR (Mabango 3), and Pinilisa
rice as check varieties.

Table 1. Basis for selection of twenty-five M3 mutant lines used in planting M4 generation

Mutant line Parame_ter Mutant line Parameter
No code Flowering No code 1000 grain weight (g)
(DAS)

1 | CSMP 204a 82 14 | CSMP 17 17.32

2 | CSMP 204b 82 15 | CSMP 121 20.56

3 | CSMP 15b 84 16 | CSMP 193 20.94

4 | CSMP 35 84 17 | CSMP 39 22.28

5 | CSMP 62a 84 18 | CSMP 113 23.63

6 | CSMP 62b 84 19 | CSMP 62a 24.70

7 | CSMP 107 84 20 | CSMP 115 25.25

8 | CSMP 15a 92 21 | CSMP 68 25.40

9 | CSMP 19 92 22 | CSMP 50 25.82
10 | CSMP 55 92 23 | CSMP 19 26.16
11 | CSMP 6la 92 24 | CSMP 142 26.76
12 | CSMP 81 92 25 | CSMP 202 34.55
13 | CSMP 125 92
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Transplanting and Replanting

Seedlings were transplanted 21 days after
emergence at a 20 cm x 20 cm planting distance.
Three border rows at the top and bottom of each
block were transplanted with seedlings of
Pinilisa rice (wild type), with 10 hills in each
row. Replanting of missing hills was done up to
seven days after transplanting.

Irrigation

Irrigation was applied during
transplanting. Succeeding irrigations were
applied once a week starting from the seedling
stage. The plots were irrigated twice a week
during panicle initiation and flowering, and
water was also provided during fertilizer
application.

Fertilizer

The recommended fertilizer rate for the
wet season is 90-30-30 kg N, P205, K20 per
hectare. Complete fertilizer (14-14-14) was
applied seven days after transplanting (DAT).
Nitrogen fertilizer (46-0-0) was divided into
three applications; the first was at 10 days after
emergence (DAE), the second was at 35 DAE,
and the third was at 70 DAE during panicle
initiation. Potassium fertilizer (0-0-60) was
applied twice, first at 10 DAE and second at 70
DAE during panicle initiation.

Weed control and crop protection

Weeds were controlled by hand weeding
only to prevent competition with the Pinilisa
seedlings and to maintain the cleanliness of the
field. Rats were controlled by keeping the dikes
in the experimental area free from weeds.
Systemic insecticide was applied to control the
infestation of insects.

Harvesting, threshing, and drying

Harvesting was done when 85% of the
grains in the panicle turned yellow or straw-
colored. Rice plants were harvested manually
using a sickle and were threshed manually. Sun

drying was performed for 2 days to reduce the
moisture content of the grains.

Data Analysis

A Principal Component Analysis (PCA)
was performed on the 28 rice genotypes using R
version 3.4.2, Statistical Tool for cluster
analysis based on quality traits. An analysis of
Variance (ANOVA) table was prepared using
replicated data from check varieties. Yield data
gathered from the augmented design was
analyzed by constructing a two-way table of
check yields and means.

RESULTS AND DISCUSSION

Among the mutant lines, CSMP 204a and
CSMP 204b were the earliest to flower with 81
days after sowing, while CSMP 15a and CSMP
19 (2) were the latest to flower with 92 days
after sowing (Table 2). Among the mutant lines
and check varieties, Pinilisa was the latest to
flower with 106 days after sowing. Analysis of
variance revealed no significant difference in
flowering time among the mutant lines,Pinilisa,
and the check varieties. All of the mutant lines
characterized had shorter days to 50%
flowering, with a reduction ranging from 14 to
25 days compared to Pinilisa. As stated in
Rakanawe & Amarasinghe’s (2014) study,
flowering is one of the agronomic traits that
affects rice yield. Flowering affects biomass,
number of tillers, panicle length, and number of
spikelets per panicle. Flowering time and
maturity of cereals are controlled by the plant’s
ability to sense season via temperature and
daylength sensors, which are regulated by
vernalization and photoperiodic sensitivity
genes (Shu et al., 2008).



Agricultural University — Plovdiv % AGRICULTURAL SCIENCES Volume 17 Issue 47 2025

Table 2. Agronomic and grain characteristics of wildtype, mutant lines, and check varieties

No. [ MUTANT |[FLO |MAT |PHM |FSP NFS |NPT|GW1 |YLD |GRL GRW

LINE

CODE/

CHECK

VARIETY
1 [Pinilisa** 106.0a|136.0a |105.0a|89.60abcd [134a |9b |20.64b (3.002b |8.650bc [2.652a
2 |CSMP 15a [92.0ab(121.0ab|87.4ab|88.72abcd [94bc |10b |26.47ab |6.830ab [9.800abc |2.550ab
3 |CSMP 19 (2) [92.0ab [121.0ab [92.8ab [86.20d 94bc |10b [23.81ab|5.680ab [9.640abc |2.320abc
4 |CSMP6la |91.0ab|121.0ab |83.2ab[92.47abcd |104abc |12ab |26.35ab |6.460ab |9.840ab (2.450abc
5 |CSMP 202 [91.0ab|121.0ab |94.1ab 92.05abcd [78c 11b |26.25ab [6.790ab (10.130a |2.480abc
6 |CSMP 39 91.0ab|121.0ab [89.4ab |91.72abcd |107abc |11b [26.25ab|7.720ab |9.840ab |2.450abc
7 |CSMP 193 |91.0ab(121.0ab|89.7ab|89.65abcd |102abc |11b |25.84ab |7.960ab (10.020a |2.450abc
8 |CSMP 62a (1)91.0ab (121.0ab |85.9ab [89.08abcd |103abc 13ab [25.97ab (8.110ab |10.180a |2.530ab
9 |CSMP 62a (2)91.0ab [121.0ab |85.4ab [86.60bcd [98abc |12ab |25.80ab (7.620ab 9.490abc |2.480abc
10 |CSMP 19 (1) |91.0ab|121.0ab|94.8ab|86.42cd |110abc|10b |26.05ab|6.170ab|9.740abc [2.460abc
11 |CSMP 81 90.0ab |120.0ab (88.7ab |93.45a 93bc |11b |26.08ab |6.970ab [9.670abc |2.470abc
12 |CSMP 107 [90.0ab |120.0ab |93.1ab |92.26abcd |[112abc |11b |25.80ab [8.080ab 9.450abc |2.380abc
13 |CSMP 62b  |90.0ab [120.0ab |87.7ab [90.83abcd [92bc  |{13ab |26.00ab [7.080ab [9.770abc |2.490abc
14 |CSMP 15b [90.0ab |120.0ab |85.6ab |89.87abcd |[95bc  |12ab |26.72ab |7.620ab (9.340abc |2.500abc
15 |[CSMP 121 [90.0ab |120.0ab |87.9ab |89.63abcd |[96bc  |11b |26.49ab |7.330ab 10.220a |2.490abc
16 |CSMP 68 88.0ab |118.0ab [93.6ab |92.55abc |113abc|10b [26.06ab|7.120ab |9.140abc [2.140c¢
17 |CSMP 115 |(88.0ab|118.0ab |96.6ab [91.82abcd [92bc |12ab |25.88ab (7.000ab |9.690abc [2.510ab
18 |CSMP 142 |87.0ab|117.0ab|87.3ab[92.87ab |109abc [9b |28.10a |6.930ab [9.680abc |2.430abc
19 |[CSMP 17 87.0ab [117.0ab |87.8ab |91.14abcd |106abc (14ab |25.84ab [8.190a |9.790abc |2.490abc
20 [CSMP 125 |86.0ab(116.0b |98.0ab|92.90ab |102abc |11b |24.92ab |4.480ab [9.950ab |2.310bc
21 |CSMP 50 86.0ab [116.0b |90.3ab|92.41abcd |123ab |10b |24.62ab |7.270ab (9.800ab |2.490abc
22 |CSMP 113 |86.0ab (116.0b |83.3ab|91.57abcd |104abc |10b |25.37ab|7.410ab [9.230abc |2.530ab
23 |CSMP 55 86.0ab|116.0b [95.7ab|91.16abcd |90bc |12ab [25.31ab |6.840ab |9.950ab |2.480abc
24 INSIC Rc218*|85.0b (116.0b |93.5ab|92.60abc |107abc |11b |26.77ab|7.454ab |9.554abc |2.556ab
25 |NSIC Rc308*(85.0b (115.0b [83.0b [92.93ab |96bc |14ab |24.10ab |6.942ab 9.240abc |2.454abc
26 |CSMP 35 82.0b (112.0b |80.9b [94.78a 122ab [9b |24.34ab|5.970ab [9.220abc |2.590ab
27 |CSMP 204b [81.0b (111.0b |81.5b [93.54a 113abc [18a [23.95ab |6.490ab [9.000abc |2.350abc
28 |CSMP 204a [81.0b (111.0b |78.2b |92.42abcd |112abc |15ab |23.11ab [6.470ab (8.500c |2.370abc

Legend: FLO= Days to 50% flowering, MAT= Days to maturity, PHT= Plant height at maturity (cm),
FSP= Percent filled spikelet per panicle, NFS= Number of filled spikelet per panicle, NPT= Number
of productive tiller, GW1= 1000 grain weight (g) YLD= Computed yield at 14% MC (t/ha), GRL=
Grain length (mm), GRW= Grain width (mm),* = check variety, ** = wild type

CSMP 204a and CSMP 204b mutant lines
were the earliest to mature with 111 days after
sowing while CSMP 61a, CSMP 202, CSMP
39, CSMP 193, CSMP 62a (1), CSMP 15a,

CSMP 62a (2), CSMP 19 (1) and CSMP 19 (2)
were the latest to mature at 121 days after
sowing. Among the mutant lines, and check
varieties, Pinilisa was the latest to mature with
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136 days after sowing. Two groups were
observed in terms of days to maturity of the
mutant lines, check varieties and wild type. The
first group which consists of Pinilisa, CSMP
61la, CSMP 202, CSMP 39, CSMP 193, CSMP
62a (1), CSMP 15a, CSMP 62a (2), CSMP 19
(1), CSMP 19 (2), CSMP 81, CSMP 107, CSMP
62b, CSMP 15b, CSMP 121, CSMP 68, CSMP
115, CSMP 142 and CSMP 17 was not
significantly different in terms of days to
maturity and the second group which consists of
all mutant lines and the two check varieties was
also not significantly different in terms of days
to maturity. All of the mutant lines characterized
had a shorter maturity than the wild type with a
reduction ranging from 15-25 days compared to
the wild type. Early maturity can shorten the
period of exposure to the risk of unpredictable
environmental factors by early harvesting and it
Is considered a desirable trait for rice.

The CSMP 204b mutant line was the
shortest, with a height of 78.2 cm, while CSMP
125 was the tallest, with a height of 98 cm.
Among the mutant lines, check varieties, and
Pinilisa, Pinilisa was the tallest with a height of
105 cm. Two groups were observed in plant
height at maturity of the mutant lines, check
varieties, and wild type. The first group which
consists of Pinilisa, CSMP 125, CSMP 115,
CSMP 55, CSMP 19 (1), CSMP 202, CSMP 68,
NSIC Rc218, CSMP 107, CSMP 19 (2), CSMP
50, CSMP 193, CSMP 39, CSMP 81, CSMP
121, CSMP 17, CSMP 62b, CSMP 15a, CSMP
142, CSMP 62a (1), CSMP 15b, CSMP 62a (2),
CSMP 113 and CSMP 61a was not significantly
different in terms of plant height at maturity and
the second group which consists of all mutant
lines, and the two check varieties was also not
significantly different in terms of plant height at
maturity. The Pinilisa (wild type) was found
taller than all mutant lines, with a height
advantage ranging from 7 cm to 26.8 cm.
Mutation breeding is often used to induce
mutants that affect plant architecture. The plant
architecture includes phenotypic traits such as
plant height (culm length of cereals).

The mutant line CSMP 35 recorded the
highest percent filled spikelets per panicle at
94.78% while CSMP 19 (2) had the lowest at
86.2%. Four groups were observed in percent
filled spikelets per panicle among the mutant
lines, check varieties, and wild type. The first
group, comprising CSMP 35, CSMP 204b,
CSMP 81, NSIC Rc308, CSMP 125, CSMP
142, NSIC Rc218, CSMP 68, CSMP 61a,
CSMP 204a, CSMP 50, CSMP 107, CSMP 202,
CSMP 115, CSMP 39, CSMP 113, CSMP 55,
CSMP 17, CSMP 62b, CSMP 15b, CSMP 193,
CSMP 121, Pinilisa, CSMP 62a (1), and CSMP
15a, was not significantly different in terms of
percent filled spikelets per panicle. The second
group, which included NSIC Rc308, CSMP
125, CSMP 142, NSIC Rc218, CSMP 68,
CSMP 61a, CSMP 204a, CSMP 50, CSMP 107,
CSMP 202, CSMP 115, CSMP 39, CSMP 113,
CSMP 55, CSMP 17, CSMP 62b, CSMP 15b,
CSMP 193, CSMP 121, Pinilisa, CSMP 62a (1),
CSMP 15a, and CSMP 62a (2), was not
significantly  different. The third group,
consisting of NSIC Rc218, CSMP 68, CSMP
61la, CSMP 204a, CSMP 50, CSMP 107, CSMP
202, CSMP 115, CSMP 39, CSMP 113, CSMP
55, CSMP 17, CSMP 62b, CSMP 15b, CSMP
193, CSMP 121, Pinilisa, CSMP 62a (1), CSMP
15a, CSMP 62a (2), and CSMP 19 (1), was also
not significantly different. The fourth group,
comprising CSMP 61a, CSMP 204a, CSMP 50,
CSMP 107, CSMP 202, CSMP 115, CSMP 39,
CSMP 113, CSMP 55, CSMP 17, CSMP 62b,
CSMP 15b, CSMP 193, CSMP 121, Pinilisa,
CSMP 62a (1), CSMP 15a, CSMP 62a (2),
CSMP 19 (1), and CSMP 19 (2), was also not
significantly different.

Among the mutant lines, check varieties,
and Pinilisa, Pinilisa had the highest number
(134) of filled spikelets per panicle while CSMP
202 had the lowest (78). Three groups were
observed in the number of filled spikelets per
panicle of the mutant lines, check varieties, and
wild type. The first group, comprising Pinilisa,
CSMP 50, CSMP 35, CSMP 204b, CSMP 68,
CSMP 204a, CSMP107, CSMP 19 (1), CSMP
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142, CSMP 39, NSIC Rc218, CSMP 17, CSMP
6la, CSMP 113, CSMP 62a (1), CSMP 125,
CSMP 193, and CSMP 62a (2), was not
significantly different in terms of filled spikelets
per panicle. The second group, which included
CSMP 50, CSMP 35, CSMP 204b, CSMP 68,
CSMP 204a, CSMP 107, CSMP 19 (1), CSMP
142, CSMP 39, NSIC Rc218, CSMP 17, CSMP
6la, CSMP 113, CSMP 62a (1), NSIC Rc308,
CSMP 121, CSMP 15b, CSMP 15a, CSMP 19
(2), CSMP 81, CSMP 115, CSMP 62b, and
CSMP 55, was also not significantly different.
The third group, consisting of CSMP 204b,
CSMP 68, CSMP 204a, CSMP 107, CSMP 19
(1), CSMP 142, CSMP 39, NSIC Rc218, CSMP
17, CSMP 61a, CSMP 113, CSMP 62a (1),
CSMP 125, CSMP 193, CSMP 62a (2), NSIC
Rc308, CSMP 121, CSMP 15b, CSMP 153,
CSMP 19 (2), CSMP 81, CSMP 115, CSMP
62b, CSMP 55 and CSMP 202 was not also
significantly different.

Among the mutant lines, CSMP 204b had
the highest number (18) of productive tillers,
while CSMP 35 and CSMP 142 had the lowest
number (9) of productive tillers. Among the
mutant lines, check varieties, and Pinilisa,
Pinilisa had the lowest number (9) of productive
tillers. Two groups were observed in terms of
the number of productive tillers of the mutant
lines, check varieties, and Pinilisa. The first
group, which consisted of CSMP 204b, CSMP
204a, NSIC Rc308, CSMP 17, CSMP 62b,
CSMP 62a (1), CSMP 61a, CSMP 115, CSMP
55, CSMP 15b, and CSMP 62a (2), was not
significantly different in terms of the number of
productive tillers. The second group, which
consisted of the two check varieties, the wild
type (Pinilisa), and all mutant lines except
CSMP 204b, was not significantly different in
terms of the number of productive tillers. The
tillering ability of a plant is a very important trait
for grain yield because the number of tillers per
plant determines the number of panicles and
affects yield directly (Zhang et al., 2011).

The CSMP 142 mutant line had the
highest (28.10g) 1000-grain weight, while
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CSMP 204a had the lowest (23.11g). Among
the mutant lines, check varieties, and Pinilisa,
Pinilisa had the lowest (20.64g) 1000-grain
weight. Two groups were observed in terms of
1000-grain weight among the mutant lines,
check varieties, and Pinilisa. The first group,
which consisted of all mutant lines and the two
check varieties, was not significantly different
in terms of 1000-grain weight. The second
group, which consists of the two check varieties,
Pinilisa and all mutant lines except CSMP 142,
was not significantly different. The grain weight
is one of the most important yield traits in rice
and is determined by the degree of grain filling
and grain size. It is determined by the source
capacity to supply assimilate during the ripening
period and by sink capacity to accumulate the
imported assimilate (Ntanos & Koutroubas
2002). The grain weight is an important yield
component as it gives information on the
density and size of the rice grains. 1,000-grain
weight of the field crops is a very stable varietal
character (Yoshida, 1981).

The mutant line CSMP 17 had the highest
computed yield (8.190 t/ha at 14% MC), while
CSMP 125 had the lowest (4.480 t/ha). Among
the mutant lines, check varieties, and Pinilisa,
Pinilisa (wild type) had the lowest computed
yield (3.002 t/ha at 14% MC). Two groups were
observed in terms of computed yield at 14% of
the mutant lines, check varieties, and Pinilisa.
The first group, which consisted of all mutant
lines and the two check varieties, was not
significantly different in terms of computed
yield at 14% MC. The second group, which
consisted of the two check varieties, Pinilisa,
and all mutant lines except CSMP 17, was not
significantly different in terms of computed
yield at 14% MC. All of the mutants were also
higher in computed yield at 14% MC than
Pinilisa, with an advantage ranging from 1.48
t/ha to 5.19 t/ha. The yield of rice is an
integrated result of various processes, including
conversion of assimilates to biomass, canopy
photosynthesis, and partitioning of assimilates
to grains (Wu et al., 1998), and is a complex trait
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that is influenced by other breeding objectives
such as nitrogen utilization efficiency, plant
architecture, and maturity (Shu et al., 2008). In
most growing regions, upland rice yields in
traditional systems are low, averaging 1-2 t/ha
(Atlin et al., 2006). Temanel & Temanel (2010)
recorded that Pinilisa, a traditional variety of
rice, had a yield of 1.013 t/ha.

Among the mutant lines, check varieties,
and wild type, CSMP 121 had the longest (10.22
mm) grain length, while CSMP 204a had the
shortest (8.5 mm). Three groups were observed
in terms of grain length of the mutant lines,
check varieties, and Pinilisa. The first group
which consisted of CSMP 121, CSMP 62a (1),
CSMP 202, CSMP 193, CSMP 125, CSMP 55,
CSMP 61a, CSMP 39, CSMP 50, CSMP 15a,
CSMP 17, CSMP 62b, CSMP 19 (1), CSMP
115, CSMP 142, CSMP 81, CSMP 19 (2), NSIC
Rc218, CSMP 62a (2), CSMP 107, CSMP 15b,
NSIC Rc308, CSMP 113, CSMP 35, CSMP 68
and CSMP 204b, was also not significantly
different. The second group, which included
CSMP 55, CSMP 61a, CSMP 39, CSMP 50,
CSMP 15a, CSMP 17, CSMP 62b, CSMP 19
(1), CSMP 115, CSMP 142, CSMP 81, CSMP
19 (2), NSIC Rc218, CSMP 62a (2), CSMP 107,
CSMP 15b, NSIC Rc308, CSMP 113, CSMP
35, CSMP 68, CSMP 204b, and Pinilisa, was
not significantly different in terms of grain
length. The third group, consisting of CSMP
153, CSMP 17, CSMP 62b, CSMP 19 (1),
CSMP 115, CSMP 142, CSMP 81, CSMP 19
(2), NSIC Rc218, CSMP 62a (2), CSMP 107,
CSMP 15b, NSIC Rc308, CSMP 113, CSMP
35, CSMP 68, CSMP 204b, and Pinilisa, was
also not significantly different. Twenty-four
(24) of the mutant lines were longer than
Pinilisa in terms of grain length, with an
advantage ranging from 0.35mm to 1.57mm.
One mutant line was shorter than Pinilisa by
0.15%. The most adequate character for
analyzing the inheritance of grain size is grain
length due to its high heritability.

The mutant line CSMP 35 had the highest
(2.59 mm) grain width, while CSMP 68 had the
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lowest (2.41 mm). Among the mutant lines,
check varieties, and Pinilisa, Pinilisa (wild type)
had the highest (2.65 mm) grain width. Three
groups were observed in terms of grain width
among the mutant lines, check varieties, and
Pinilisa. The first group, which consisted of
Pinilisa, CSMP 35, NSIC Rc218, CSMP 15a,
CSMP 113, CSMP 62a (1), CSMP 115, CSMP
15b, CSMP 50, CSMP 17, CSMP 62b, CSMP
121, CSMP 202, CSMP 55, CSMP 62a (2),
CSMP 81, CSMP 19 (1), NSIC Rc308, CSMP
6la, CSMP 39, CSMP 193, CSMP 142,
CSMP107, CSMP 204a, CSMP 204b and
CSMP 19 (2), was not significantly different in
terms of grain width. The second group, which
included the two check varieties and all mutant
lines except CSMP 68, was not also
significantly different. The third group,
consisting of CSMP 15b, CSMP 50, CSMP 17,
CSMP 62b, CSMP 121, CSMP 202, CSMP 55,
CSMP 62a (2), CSMP 81, CSMP 19 (1), NSIC
Rc308, CSMP 61a, CSMP 39, CSMP 193,
CSMP 142, CSMP 107, CSMP 204a, CSMP
204b, CSMP 19 (2), CSMP 125, and CSMP 68
was also not significantly different in terms of
grain width. All mutant lines had a lower grain
width than Pinilisa, with a disadvantage ranging
from 0.06mm to 0.51 mm.

Based on the breeding objective of
identifying and selecting desirable mutant lines
of Pinilisa for further testing, the results of the
study showed that all mutant lines characterized
in the M4 generation are promising lines that
can be further evaluated. The maturity of the
mutant lines characterized ranges from 111-121
days after sowing (DAS), and is therefore
identified as medium maturing. In terms of grain
yield, all mutants exceeded 2 t/ha, surpassing
the standard value for traditional varieties. Yield
of the mutants ranged from 4.48 to 8.18 t/ha
(Fig. 1).

Table 3 shows the correlation among
quantitative parameters of mutant lines, check
varieties, and the wild type. The results of the
analysis show a moderate linear relationship
among percent filled spikelet per panicle, days
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to 50% flowering, and days to maturity. 1000-
grain weight has a strong linear relationship
with grain yield and a moderate linear
relationship between grain length and the
number of filled spikelets. Grain yield has a
weak linear relationship with grain length and a
moderate linear relationship with plant height at
maturity. Days to 50% flowering have a very
strong linear relationship with days to maturity,
a moderate linear relationship with number of

productive tillers, and a strong linear
relationship with plant height at maturity. Days
to maturity have a moderate linear relationship
with the number of productive tillers, and a
strong linear relationship with plant height at
maturity. Grain length has a moderate linear
relationship with the number of filled spikelets.
The number of productive tillers has a moderate
linear relationship with plant height at maturity.

Individuals factor map (PCA)
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Figure 1. Principal Component Analysis (PCA) on grain yield and days to maturity

Table 3. Correlation matrix of quantitative parameters

Variables YLD FLO MAT GRL
GwW1

FSP -0.003 0.011 -0.542 -0.521
GW1 1 0.687 -0.173 -0.171
YLD 1 -0.357 -0.351
FLO 1 0.998
MAT 1
GRL

GRW

NFS

NPT

PHT

GRW  NFS NPT PHT
-0.220 -0.111 0.202 0.175 -0.233
0570 -0.240 -0.480 -0.114 -0.111
0375 -0.052 -0.350 0.250 -0.448
0.098 0327 0.075 -0.464 0.602
0.094 0334 0.088 -0.456 0.605
1 0.087 -0.559 -0.187 0.160
1 0.059 -0.204 0.022
1 -0.179  0.048
1 -0.510

1

Legend:FSP= Percent filled spikelet per panicle, GW1= 1000 grain weight (g), YLD= Computed yield
at 14% MC (t/ha), FLO= Days to 50% flowering, MAT= Days to maturity, GRL= Grain length (mm),
GRW= Grain width (mm), NFS= Number of filled spikelet per panicle, NPT= Number of productive

tiller,PHT= Plant height at maturity (cm)
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CONCLUSIONS

This study demonstrated that the mutants
were generally better than the wild type in terms
of agronomic characteristics. Moreover, all
mutants characterized were identified as
promising lines. The mutants characterized
were desirable in terms of agronomic
characteristics and can thus be advanced to the
next generation for seed multiplication.
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