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ABSTRACT

Sweet sorghum (Sorghum bicolor L. Moench) is a potential plant to be developed as food, feed, and
industrial raw materials. In Indonesia, sweet sorghum breeding is needed because only five varieties of sweet
sorghum have been released. Genetic variability is essential in breeding. Through mutation induction, breeders
can increase genetic variability so that new characters superior to their parents can be obtained. This study
aimed to analyze the effect of various doses of gamma-ray irradiation on genetic variability in the agronomic
character of the M2 population derived from the sweet sorghum Super 2 mutant and to select potential
populations for further selection. The research was carried out at Experimental Garden, ICABIOGRAD, in
February-June 2021. The material used was selected M2 mutant seeds from mutant populations resulting from
gamma-ray irradiation of sorghum’s shoots of Super 2 variety with doses of 40, 50, 60, and 70 Gy. Variables
observed were plant height, stem diameter, panicle length, panicle diameter, sugar content, and fresh and dry
panicle weights. The results showed that all radiation doses could increase genetic variability in M2 plants
compared to their parents. Significant differences in characters between the original parents and the M2
population with a dose of 40 Gy were seen in the top diameter of the stem, panicle length, and sugar content;
at a dose of 50 Gy in panicle diameter, sugar content, and fresh panicle weight; at a dose of 60 Gy on plant
height, top stem diameter, sugar content, fresh panicle weight; while at a dose of 70 Gy on bottom stem
diameter and middle stem diameter. The potential population for further selection based on fresh weight is the
irradiated mutant population with a dose of 70 Gy. In pre-analysis using Cluster Gram and 49 mutant
genotypes of the 70Gy M2 population, a group of mutants similar to their parent (Super 2 sorghum variety)
and the other group that was completely different from their parent was obtained.
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INTRODUCTION and has high antioxidants and fiber
(Damardjati et al., 2000; Suarni, 2012;

weet sorghum is sorghum (Sorghum Suarni, 2016). Seeds, leaves, and stems can

bicolor L.), a food plant with a short life
cycle. Its advantages are broad agro-
ecological adaptability, tolerance to drought,
salinity and drought, fast growth, high sugar
content, and biomass, and can be ratified
(Almodares et al., 2011). Therefore, sweet
sorghum adapts to climate change.

Sweet sorghum is a multifunctional and
zero-waste product because almost all plant
parts can be used as food, feed, and industry
(Reddy et al., 2005; Rao et al., 2013).
Sorghum is a functional food because it does
not contain gluten, has a low glycemic index,
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be processed into animal feed as fresh or
silage (Londra and Sutami, 2018; Harmini,
2021). The difference between sweet
sorghum and ordinary sorghum is that the
stem of sweet sorghum contains more sap.
The sap in sweet sorghum contains sugar
consisting of sucrose, glucose, fructose, and
maltose, so sweet sorghum can be used as a
raw material for the industry of fresh drinks,
syrup, molasses, monosodium glutamate, and
ethanol (Ratnavathi et al., 2011).

The genetic diversity of sorghum in
Indonesia is limited because sorghum is not
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native to Indonesia. Recently, sweet sorghum
widely planted in Indonesia, such as in Java,
South Sulawesi, NTB, and NTT, which have
dry and rainfed land. However, the varieties
used are still limited because there are only
five varieties of sweet sorghum, namely
Super 1, Super 2, Bioguma 1, Bioguma 2, and
Bioguma 3. Therefore, the development of
new varieties of sweet sorghum is needed to
support the food, feed, and bioenergy industry.

The main activity in breeding is
identifying important characters (Oladosu et
al., 2016). Breeding activities can be carried
out if there is genetic variability in the
population so that the desired important
character can be selected (Laskar et al.,
2015). Genetic mutation is a technique to
increase genetic variability needed to obtain
superior traits, such as high production and
resistance to biotic and abiotic stresses
(Roychowdhury and Tah, 2011; Nouri and
Tavasolli, 2012; Arisha et al., 2015; Oladosu
et al., 2016; Raina et al., 2017; Raina et al.,
2018; Verma et al., 2018; Lestari et al., 2019).

Mutation techniques have been widely
applied to increase genotype variability in
characters of plants with high economic
value, such as ornamental plants, vegetables,
and fruit. (Arisha et al., 2015; Laskar et al.,
2015; Jankowicz-Cieslak et al., 2016; Lestari,
2021). Changes due to mutations can occur at
the gene or chromosome level (Lestari,
2021). The advantages of using mutation
induction are (i) the ability to obtain a new
character in a plant variety without causing
changes in other characters of the initial
parent plant, and (ii) obtaining new gene
alleles that are not in the existing germplasm
(Khah et al., 2015).

Physical mutagens using gamma rays are
more widely used than chemical mutagens to
induce mutations artificially. In the breeding
of new wheat varieties, as many as 264 new
cultivars of wheat have been developed using
physical mutagen gamma-ray irradiation,
chemical mutagen Ethyl Methane Sulfonate
(EMS), and fast neutrons (Jankowicz-Cieslak
et al., 2016). However, the success of
obtaining genetic diversity through mutation
induction depends on the type of mutagen,
the dose, and the radiosensitivity of the

genetic material, but among these physical
mutagens, gamma rays are more widely used
(Khan et al., 2015; Wanga et al., 2020).
Recently, genetic improvement by using
mutation has been one of the top priorities
because more genetic variability is produced
so that the required characters can be
obtained quickly (Oladosu et al., 2014,
Wanga et al., 2020). This study aimed to
analyze the effect of various doses of
gamma-ray irradiation on genetic variability
in the agronomic character of several M2
populations derived from the sweet sorghum
Super 2 mutant and to select potential
populations for further selection programs.

MATERIAL AND METHODS

The research was carried out from
February to June 2021 at the Cikeumeuh
Experimental  Garden, ICABIOGRAD,
Bogor, Indonesia. The genetic material was
the 2" generation (M2) mutant population
derived from in-vitro shoot irradiation of
Super 2 variety with gamma rays at doses of
40, 50, 60, and 70 Gy. The control used was
Super 2 variety.

Research Implementation

200 Mutant (M2) seeds from each
radiation dose and control variety were
planted at 75 cm between rows and 25 cm
within. Each radiation dose number has five
rows, and each row has 20 planting holes.
Two seeds were planted per planting hole.
Plant maintenance and fertilization are
carried out according to the recommendations
of sorghum cultivation. Harvesting is done
when the seeds are physiologically ripe,
marked by yellowing of the plant leaves,
compact and perfect elliptical panicles, black
spots at the base of the seeds, and hard seeds.

Observation

Observations were made on 50 samples
from each dose of irradiation. The observed
variables were: (1) plant height, (2) stem
diameter, (3) panicle length, (4) fresh panicle
weight, (5) dry panicle weight, and (6) sugar
content (% Brix).
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Data analysis

Statistical analysis is a ranking-based non-
parametric data analysis because the data are
not normally distributed and have high
variability in treatment. It is because the M2
generation has a genetic constitution in the
form of “Heterogeneous-Heterozygous” so it
has high variability. A mean comparison
between the treatment and the control and
between doses of treatment was performed
using a two-way t-test to see the differences
between the observed characters.
Furthermore, to see the differences between
the doses of gamma irradiation mutagens,
the Kruskal-Wallis test was carried out to
determine whether there is a difference in the
median between treatments.

Kruskal-Wallis test formula:

k 2

i R;
H= 72,7_ — 3(N+1)
N (N+1) =1

k = a number of samples;

ni = the number of cases in each sample i;

N = 'ni = the total number of cases;

R; = total rank for each sample i;

>'ki=1= shows the sum of all k samples
(columns)  approaching the Chi-square
distribution with degree of freedom (df) = k-1
for a reasonably large sample size of n.

In addition to determining the appropriate
selection method using a t-test, the value of
genetic variance and heritability was also
calculated. The estimation of broad sense
heritability (h2bs) is calculated based on the
formula (Singh and Chaudhary, 1979) as
follows:

h%bs = 6%g/o?p

h%bs = Broad sense heritability

o> p = phenotypic variance or M2
population variance

o’ e = environmental variance or control
population

o’ g = genetic variance based on the
formula (c2p-2e)

If the phenotypic variance is smaller than
the environmental variance, the genetic
variance is 0, or there is no genetic variability
in the characters in the population.

The criteria for heritability values were
determined based on Stansfield (1991),
namely high (h*bs > 50%), medium (20% <
h’bs < 50%), and low (h%bs < 20%)
categories. The value of the broadness or
narrowness of genetic variability is estimated
from the value of genotype variance, where
the criteria for broad or narrow genetic
variability is determined based on the criteria
of Asghar and Mehdi (2010) with the
following conditions: if 26°g > 6°g, then the
genetic variability is broad, whereas if ng <
oo°g then the genetic variability is narrow.

Clustering analysis was carried out to
determine the degree of dissimilarity of
phenotypes between doses which would
produce a dendrogram using the Gower
method based on the unweighted average
linkage indicated by the cophenetic distance
value. Spearman correlation analysis was
carried out because the data were not normally
distributed due to outliers, and to determine
the closeness between variables' values.

RESULTS AND DISCUSSION

Mutant Population Selection

The t-test on parental plant populations
compared to various irradiated populations
can be seen in Tables 2 to 5. The target
character for improvement in this sorghum
breeding program is “fresh panicle weight”.
The two-way t-test was used to determine
which population can be continued in the
selection process. Determining the main
character in the assembly of new varieties is
essential (Oladosu et al., 2016).

The results of the t-test indicate variations
in agronomic characters in the mutant
population. Variations in fresh panicle weight
character in the mutant population showed
that the gamma-ray mutagen resulted in
genetic variability in the M2 population, so
better characters were obtained than before.
The variation obtained shows that the
mutation treatment can cause changes in
certain characters without changing other
characters (Khan et al., 2015). The role of
mutations in increasing genetic diversity can
be applied to plant genetic improvement
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(Khursheed et al., 2018). Furthermore, to get
superior characters, the right type of selection

programs are significant (Khursheed et al.,
2018).

Table 1. The t -value of control population (0 Gy) with M2 population (40 Gy)

Control (0 GY) M2 population (40 GY)

Character X+ SD Range X+ SD Range
Plant height (cm) 308.02 + 22.13 225 - 389 313.06 + 19.74 ns 220 - 336
Bottom stem diameter (mm) 17.55 + 1.87 145-24 17.78 + 1.89 ns 14 - 22
Middle stem diameter (mm) 15.51 + 1.87 12-22 15.62 + 1.61 ns 11-19
Middle stem diameter (mm) 11.68 + 2.31 9-19 10.72 + 1.30 * 8-14
Panicle length (cm) 25.62 + 3.04 18- 34 27.86 +4.52 il 16 - 45
Panicle diameter (mm) 45.65 + 10.42 24 -70 45.16 + 12.15 ns 14-71
Sugar Brix content (%) 14.16 + 2.33 9-18 15.16 + 2.33 * 10-21
Wet panicle weight () 87.77 +27.28 | 49.23 -164.44 88.81 +19.41 ns 36.54 - 148.95

Note: ns) not significant o = 0.05 based on the results of the t-test; *) significantly different oo = 0.05 based on the
results of the t-test; **) significantly different o = 0.05 based on the results of the t-test; SD: standard deviation.

In Table 1 the comparison between the

mutagen (Khursheed et al.,

2018). The

parent population and the M2 population
derived from 40 Gy irradiation showed
significant differences in the characteristics
of top stem diameter, panicle length, and
sugar content. The results showed that the
radiation treatment resulted in changes in
agronomic characters and vyields. In this
study, the explants used were embryos
because they consist of actively dividing
tissue and also can avoid the occurrence of
chimeras. The factors that influence the
variation in mutants are the genotype used,
the dose of irradiation, and the type of

mutagen can produce changes directly or
indirectly to genes that result in changes in
their function and structure. General changes
can be seen in plants' morphological,
anatomical, biochemical, and physiological
characteristics (Laskar, 2015).

The results of the t-test on the parental
population compared to the M2 population
derived from 50 Gy, showed that the
characters were significantly different in
panicle diameter, sugar content, and fresh
panicle weight (Table 2).

Table 2. The t-value of control population (0 Gy) with M2 population (50 Gy)

Control (0 GY) M2 population (50 GY)

Character X+ SD Range X+ SD Range
Plant height (cm) 308.02 + 22.13 225 - 389 308.50 +18.52 | ns 207 - 350
Bottom stem diameter (mm) 17.55 +1.87 14.5-24 17.86 + 2.15 ns 14 - 23
Middle stem diameter (mm) 15.51 +1.87 12-22 15.88 + 2.02 ns 12-20
Top stem diameter (mm) 11.68 +2.31 9-19 11.80 + 1.65 ns 9-15
Panicle length (cm) 25.62 + 3.04 18- 34 25.35+2.74 ns 22 -38
Panicle diameter (mm) 45.65 + 10.42 24 -70 38.48 +7.62 ** 25 - 66
Sugar Brix content (%) 14.16 + 2.33 9-18 17.83 + 1.56 ** 13-20
Wet panicle weight (g) 87.77 +27.28 49.23 - 164.44 61.97 +19.23 ** | 28.60 -118.50

Note: ns) not significant o = 0.05 based on the results of the t-test; *) significantly different a = 0.05 based on the
results of the t-test; **) significantly different o = 0.05 based on the results of the t-test; SD: standard deviation.

The results of the t-test of the parental
population compared to the M2 population
derived from 60 Gy showed different

characteristics in plant height, top stem
diameter, sugar content, and fresh panicle
weight (Table 3).
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Table 3. The t-value of control population (0 Gy) with M2 population (60 Gy)

Control (0 GY) M2 population (60 GY)

Character X+ SD Range X+ SD Range
Plant height (cm) 308.02 + 22.13 225 - 389 320.46 + 15.31 il 286 - 360
Bottom stem diameter (mm) 17.55 + 1.87 145-24 18.16 + 2.43 ns 15-30
Middle stem diameter (mm) 15.51 + 1.87 12-22 16.06 + 2.75 ns 14 - 23
Middle stem diameter (mm) 11.68 +2.31 9-19 12.96 + 1.50 oo 10-19
Panicle length (cm) 25.62 + 3.04 18- 34 24,90 + 1.84 ns 20-32
Panicle diameter (mm) 45.65 + 10.42 24 -70 45.32 + 8.14 ns 30-65
Sugar Brix content (%) 14.16 + 2.33 9-18 15.76 + 1.43 il 12-19
Wet panicle weight (g) 87.77 + 27.28 49,23 - 164.44 71.70 + 19.01 ** | 32.69 -134.80

Note: ns) not significant oo = 0.05 based on the results of the t-test; *) significantly different oo = 0.05 based on the
results of the t-test; **) significantly different oo = 0.05 based on the results of the t-test; SD: standard deviation.

The results of the t-test of the parental
population compared to the population of M2

derived from 70 Gy showed different

Table 4. The t value of control population (0 Gy) with M2 population (70 Gy)

characters only in the diameter of the bottom
and middle stems (Table 4).

Control (0 GY) M2 population (70 GY)

Character X+SD Range X+ SD X+ SD
Plant height (cm) 308.02 + 22.13 225 - 389 312.84 +19.72 ns 280 - 395
Bottom stem diameter (mm) 17.55 +1.87 145-24 19.21 +2.18 ** 155-26
Middle stem diameter (mm) 15.51 +1.87 12 -22 16.59 + 2.00 ** 13-21
Middle stem diameter (mm) 11.68 +2.31 9-19 11.25+1.74 ns 8-16
Panicle length (cm) 25.62 + 3.04 18- 34 26.62 + 2.86 ns 15-30
Panicle diameter (mm) 45.65 +10.42 24 -70 49.29 + 9.83 ns 335-72
Sugar Brix content (%) 14.16 + 2.33 9-18 13.88 + 3.22 ns 9-23
Wet panicle weight (g) 87.77 + 27.28 49.23 - 164.44 91.29 + 29.21 ns 41.29 - 174.64

Note: ns) not significant o = 0.05 based on the results of the t-test; *) significantly different oo = 0.05 based on the
results of the t-test; **) significantly different oo = 0.01 based on the results of the t-test; SD: standard deviation.

The t value presented in Table 1-4 shows
that radiation dose treatment has a significant
effect, as evidenced by genetic changes on
agronomic characters in mutant populations.

variability that can be selected to obtain
populations with the required characters. The
summary of the observed changes in
agronomic characters can be seen in Table 5.

Changes in character produce genetic
Table 5. Synthesis of the results of the t-test of the parental population
and the M2 population at various irradiation doses
Control M2 population
Character Po(%ug)t/;on 40 Gy 50 Gy 60 Gy 70 Gy
Plant height (cm) 308.02 313.06 ns | 308.50 | ns | 320.46 | ** | 312.84 | ns
Bottom stem diameter (mm) 17.55 17.78 ns | 1786 | ns | 1816 | ns | 19.21 | **
Middle stem diameter (mm) 15.51 15.62 ns | 1588 | ns | 16.06 | ns | 16.59 | **
Top stem diameter (mm) 11. 68 10.72 * 11.8 ns | 1296 | ** | 11.25 | ns
Panicle length (cm) 25.62 27.86 ** | 2535 | ns 24.9 ns | 26.62 | ns
Panicle diameter (mm) 45.65 45.16 ns | 3848 | ** | 4532 | ns | 4929 | ns
Sugar Brix content (%) 14.16 15.16 * 1783 | *> | 1576 | ** | 13.88 | ns
Wet panicle weight (g) 87.77 88.81 ns | 6197 | **| 71.70 | ** | 9129 | ns

Note: ns) not significant o = 0.05 based on the results of the t-test; *) significantly different o = 0.05 based on the
results of the t-test; **) significantly different oo = 0.01 based on the results of the t-test; SD: standard deviation.




Number 40/2023

ROMANIAN AGRICULTURAL RESEARCH

The differences between each character of
M2 and their parents' populations were
observed using the median value of the
Kruskal-Wallis test. The fresh panicle weight
character of the sorghum mutant population
from a radiation dose of 70 Gy seemed to
give the highest median value among other
radiation treatments, namely 87.42 (Table 6).

Therefore, to match the initial objectives of
this sorghum breeding program, the main
character chosen is “Fresh panicle weight”.
Characterization is one of the critical stages
in a plant breeding program (Surahman et al.,
2009). Characterization can be used as a basis
for grouping plants. (Anshori et al., 2019).

Table 6. Analysis of the difference in median values based on the Kruskal-Wallis test

M2 Population .

Character 0 Gy 40 Gy 50 Gy 60 Gy 70 Gy Nilai-H
Plant height (cm) 309.50 318.00 310.00 319.50 311.00 17.50 **
Bottom stem diameter (mm) 17.50 18.00 18.00 18.00 19.00 18.28 **
Middle stem diameter (mm) 15.00 16.00 16.00 16.00 16.50 1095 *
Top stem diameter (mm) 11.25 10.50 12.00 13.00 11.00 46.83 **
Panicle length (cm) 25.00 27.00 24.75 25.00 27.00 39.30 **
Panicle diameter (mm) 44.00 45.50 38.00 45.00 47.00 34.90 **
Sugar Brix content (%) 14.50 15.00 18.00 16.00 13.00 76.93 **
Wet panicle weight () 84.43 84.27 58.18 71.65 87.42 57.06 **

Note: *) significantly different o = 0.05 based on the results of the t-test; **) significantly different o = 0.01 based on

the results of the t-test.

The effect of radiation dose on the
differences in character can be seen in the
t-value between treatments (Table 7). The
character of the sugar content in the stems of
70 Gy sorghum mutant population showed a
t value that was not significantly different
from the parents, but when compared to 40,
50, and 60 Gy, the t values were significantly
different. Table 5, showed that at 70 Gy
irradiation, the average sugar content of

stems was 1% to 4% lower than those at the
doses of 40, 50, and 60 Gy. The percentage of
sugar content represents the total solid
content which is positively correlated with
the total sugar concentration in the sap of
sweet sorghum (Davila-Gomez et al., 2011).
Sap from sweet sorghum with a sugar content
of > 10% is sufficient to convert into sugar
for ethanol production (Khalil et al., 2015;
Kim and Day, 2011).

Table 7. t-value analysis between radiation dose treatments in the M2 generation of sweet sorghum

The M2 generation t-count value
being ‘é’;“pared PH BSD MDS TSD PL PD SBC WPW
0 vs 40 ~1.20ns | -061ns | -032ns | 256 * | -2.01** | 022ns | -2.14 * | -0.22ns
0 vs 50 20.12ns | -0.77ns | -095ns | -030ns | 0.47ns | 3.93*% | -9.25* | 539
0 vs 60 S327* | -141ns | -156ns | -3.28** | 1.43ns | 0.18ns | -4.14** | 337 **
0 vs 70 “114ns | -407** | -278** | 1.06ns | -1.69ns | -1.79ns | 050 ns | - 0.61 ns
40 vs 50 119ns | -020ns | -0.71ns | -3.63* | 3.36%% | 329%* | -6.73** | 6.95%**
40 vs 60 2200* | -0.87ns | -1.35ns | -7.98** | 429%* | -008ns | -155ns | 4.45**
40 vs 70 0.06ns | -3.49%* | -266** | -1.70ns | 1.63 ns | -1.86ns | 2.27 * | -0.50ns
50 vs 60 S352%% | -0.65ns | -0.49ns | -3.68** | 096 ns | -4.34%* | 693** | -254*
50 vs 70 S113ns | -311** | -1.76ns | 1.63ns | -2.26 * | -6.10 ** | 7.75** | -589 **
60 vs 70 215% | -227 * | -144ns | 526* | -356** | -2.18 * | 3.75** | -3.95**

Note: ns) not significant a = 0.05 based on the results of the t-test; *) significantly different o = 0.05 based on the
results of the t-test; **) significantly different o = 0.01 based on the results of the t test; SD: standard deviation;

PH: Plant height (cm); BSD: Bottom stem diameter (mm); MSD: Middle stem diameter (mm); TSD: Top stem
diameter (mm); PL: Panicle length (cm); PD: Panicle diameter (mm); SBC: Sugar Brix content (%); WPW: Wet

panicle weight (g).
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Based on the t value between the M2
population on the target character, namely
fresh panicle weight (FPW), two potential
populations were obtained and could be
continued in the selection process. They were
the M2 population derived from irradiation
doses of 40 Gy and 70 Gy. It can be seen
from the 40 Gy mutant population, which
shows a t value that is not significantly
different from the control/parental population
but shows a significant and positive t value
when compared to the 50 Gy and 60 Gy

fresh panicle weight of the 40 Gy M2
population was significantly higher than the
two populations (Table 5).

Meanwhile, the 70 Gy mutant population
also showed a value that was not significantly
different from the control/parental population
but showed a significantly different and
positive t value when compared to the 50 Gy
and 60 Gy populations.

It was shown that the average fresh panicle
weight of the 70 Gy M2 population was
significantly higher than the two populations

populations. It was shown that the average

(Table 5).

Table 8. Genetic variation and heritability of agronomic characters at various radiation dose

Karakter Generasi M2 o’ p o’e o’ g 26 6%g h? bs (%)

40 Gy 389.81 o.ooz 0.00 0.00%
. 50 Gy 342.83 0.00 0.00 0.00%
Plant height (cm) 60 Gy 23405 | 48978 0.00° 0.00 0.00F
70 Gy 388.89 0.00° 0.00 0.00%
40 Gy 3.56 0.07° 0.53 1.99%
Bottom stem 50 Gy 4.61 3.49 1.12° 2.12 24.30M
diameter (mm) 60 Gy 5.89 ' 2.40° 3.10 40.73"
70 Gy 4.77 1.28° 2.26 26.81"
40 Gy 2.58 0.00° 0.00 0.00%
Middle stem 50 Gy 4.07 150 0.57° 1.51 14.06"
diameter (mm) 60 Gy 2.75 ' 0.00° 0.00 0.00%
70 Gy 4.01 0.51° 1.43 12.78%
40 Gy 1.70 0.00° 0.00 0.00%
Top stem diameter 50 Gy 274 | o0 0.00° 0.00 0.00%
(mm) 60 Gy 2.24 ' 0.00° 0.00 0.00%
70 Gy 3.01 0.00° 0.00 0.00%
40 Gy 20.45 11.19" 6.69 54.71"
. 50 Gy 7.48 0.00° 0.00 0.00%
Panicle length (cm) 60 Gy 3.40 9.26 0.00° 0.00 0.00%
70 Gy 8.17 0.00° 0.00 0.00%
40 Gy 147.68 39.06" 12.50 26.45"
Panicle diameter 50 Gy 58.05 0.00° 0.00 0.00%
108.62 . .

(mm) 60 Gy 66.18 0.00 0.00 0.00
70 Gy 96.67 0.00° 0.00 0.00%
40 Gy 5.443 0.00° 0.00 0.00%
Sugar Brix content 50 Gy 2425 |, 0.00° 0.00 0.00%
(%) 60 Gy 2.033 ' 0.00° 0.00 0.00%
70 Gy 10.36 492" 4.43 47.46M
40 Gy 376.63 0.00° 0.00 0.00%
Wet panicle weight 50 Gy 369.73 0.00° 0.00 0.00%
744.14 . 5

(@) 60 Gy 361.30 0.00 0.00 0.00
70 Gy 853.15 109.01" 20.88 12.78%

Note: T = high heritability, M = medium heritability, R = low heritability, L = wide genetic diversity.

Genetic Variance and Heritability Analysis
The genetic variance and heritability analysis
were carried out to determine the appropriate
selection method and the magnitude of the

resulting selection progress. Heritability is a
very important parameter in selection
activities (Islam et al., 2015). The results of
Anshori et al., (2019) show that if a
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heritability value is above 60%, all characters
have the potential to be used as selection
characters. Based on the fresh panicle weight,
the 70 Gy population of M2 was selected for
further selection compared to the 40 Gy M2
population because it has a broad genetic
variability. The heritability for fresh panicle
weight in 70 Gy (12.78%) was also better
than in 40 Gy (0.00%) (Table 8).

Selection in the M2 population (70 Gy)
An analysis of the M2 population (70 Gy)
was carried out using Spearman correlation to

determine the effect between the supportive
characters and the main character (fresh
panicle weight). The results of the Spearman
correlation analysis showed that the
characteristics of bottom stem diameter,
middle stem diameter, top stem diameter,
panicle length, and panicle diameter were
significantly and positively correlated with
the fresh panicle weight character so that
increasing the value of these characteristics
could increase the fresh panicle weight of
sorghum by the coefficient value (Table 9).

Table 9. Correlation of quantitative characters in the M2 population of 70 Gy gamma-ray irradiation

PH BSD MDS TSD PL PD SBC WPW
PH 1
BSD -0.054 ns 1
MSD -0.031 ns 0.773** 1
PL -0.035 ns 0.783** 0.818** 1
PL 0.031 ns 0.754** 0.798** 0.845** 1
PD -0.063 ns 0.244 ns 0.212 ns 0.429** 0.247 ns 1
SBC -0.196 ns 0.002 ns 0.012 ns 0.182 ns 0.007 ns 0.210 ns 1
WPW 0.075 ns 0.414** 0.373** 0.504** 0.440** 0.447** 0.204 ns 1

Note: ns) not significant a = 0.05 based on the results of the t-test; *) significantly different o = 0.05 based on the
results of the t-test; **) significantly different o = 0.01 based on the results of the t-test; SD: standard deviation;

PH: Plant height (cm); BSD: Bottom stem diameter (mm); MSD: Middle stem diameter (mm); TSD: Top stem
diameter (mm); PL: Panicle length (cm); PD: Panicle diameter (mm); SBC: Sugar Brix content (%); WPW: Wet

panicle weight ().

Grouping of mutant genotypes based on

cluster gram analysis

From the cluster gram analysis, 49 mutant
genotypes from the 70 Gy M2 population
were grouped into two main clusters
(Figure 1). 35 genotypes were clustered in
the first cluster together with the Super-2
variety, while the other 14 were clustered in
the second cluster. The first group showed
mutant genotypes that still had high similarity
with the Super-2 variety. It can be seen from
the color intensity that it tends to be evenly
distributed in the cluster and the absence of
varying colour intensity. The high similarity
between the mutant genotypes in the first
cluster and the Super-2 variety indicated that
these genotypes did not experience many
genetic changes due to the gamma-ray
irradiation treatment.

Meanwhile, the genotypes in the second
cluster showed low similarity to the Super-2
variety, which was seen from the color
intensity that was more varied than the color
seen in the first cluster. Genotype no. 30 has
the highest degree of similarity with the
Super-2 variety (92.7%), while genotype
no. 35 has the lowest similarity level (63.9%).
Clustergram analysis is an effective method
for selection through grouping. This grouping
aims to determine the relationship between
plant genotypes and can be a material
consideration in the selection process.
Selection through grouping will be effective
if the characteristics of the group can be
known (Anshori et al., 2019). Clustergram
analysis is a multivariate analysis that
combines several cluster analyses in a flat
dimension (Schonlau, 2002).
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Figure 1. Dendrogram clusters on 49 sorghum Super-2. mutant genotypes

CONCLUSIONS

Gamma-ray irradiation with doses of 40,
50, 60, and 70 Gy can induce variations in
the agronomic characters of M2 sweet
sorghum mutants derived from the Super 2
sorghum variety. Significantly different
responses of characters compared to their
parents were seen in each radiation dose
treatment.

Variation in characters was found in top
stem diameter, panicle length, and sugar
content for the 40 Gy M2 population. In the
50 Gy M2 population the differences were in
panicle diameter, sugar Brix, and fresh
panicle weight. In the 60 Gy M2 population,
the differences were in plant height, top stem
diameter, sugar content, and fresh panicle
weight. In the 70 Gy M2 population, the
differences were in the bottom and middle
stem diameter. Based on the fresh weight
character of the panicle, the 70 Gy M2
population could be continued for further
selection. Pre-analysis using 49 mutant
genotypes from the 70 Gy M2 population,
resulted in two main clusters, where 35
genotypes were clustered together in the first
cluster along with their original parent
(Super-2 sorghum variety), while the other 14
were clustered in the second cluster.
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