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High rainfall in some parts in Indonesia causes soil become acidic. The main
constraint of acid soil is phosphor (P) deficiency and aluminum (Al) toxicity which
decrease plant productivity. To overcome this problem, it is important to develop a

Accepted 02 July 2012 crop variety tolerant to such conditions. Sorghum is probably one of the potential
crops to meet that objective. Sorghum has been reported to have wide adaptability
Keywords: to various agro-ecology and can be used as food and animal feed. Unfortunately,

sorghum is not Indonesian origin so its genetic variability is still low. From previous
breeding works with induced mutation, some promising mutant lines have been
developed. These mutant lines were included in the experiment carried out in Tenjo
with soil condition was classified as acid soil with pH 4.8 and exchangeable-Al
content 2.43 me/100 g. The objectives of this experiment were to study the
magnitude of genetic variability of agronomy and grain quality characters in
sorghum in order to facilitate the breeding improvement of the species. Plant
materials used in this study were ten genotypes, including 6 mutant lines and 4
control varieties. The randomized block design with three replications was used in
the experiment. The genetic variabilities of agronomic and grain quality characters
existed among genotypes, such as plant height, number of leaves, stalk diameter,
biomass weight, panicle length, grain yield per plant, 100 seed weight and tannin
content in the grain. The broad sense heritabilities of agronomic characters were
estimated ranging from medium to high. Grain yield showed significantly positive
correlation with agronomic characters observed, but it was negatively correlated
with protein content.
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INTRODUCTION maize [2]. Sorghum has low gluten content and
glycemic index, so it is suitable for specific
nutritional diet [3]. In Africa, sorghum grain
consumed in the form of unleavened breads, boiled
porridge or gruel, malted beverages, beer, popped
grain and chips. Sorghum has wide adaptability to
various agro-ecology, especially its tolerance to
drought [4].

Genetic variability of sorghum in Indonesia is
still low because sorghum is not originated from
Indonesia  and not commonly cultivated.
Enhancement of genetic variability of sorghum can
be conducted through plant mutation breeding
techniques. Gamma ray irradiation on plant
mutation breeding is often used to improve plant
characters in order to obtain high yielding varieties
in plant breeding program.

Centre for Application of Isotope and
Radiation Technology, BATAN, has developed
some mutant lines tolerant to acid soil through
mutation breeding [5]. Genetic material used in this

The potential of land resources in Indonesia,
especially in agriculture, is extensive, including dry
and wet land. Dry land area in Indonesia reached
148 million ha, and 69.5% of dry land is acid soil
with pH conditions less than 5.5 [1]. Climate
variations and relatively high rainfall in most parts
of Indonesia resulted in intensive mineral leaching
in the soil, so the basic content reduced and the soil
becomes acidic. The main issue on dry acid soil is
phosphor (P) deficiency and aluminum (Al) toxicity
which decrease plant productivity, thus it is
important to develop crop varieties such as
sorghum, which can adapt to dry and acid soil and
exhibit high yield.

Sorghum (Sorghum bicolor (L.) Moench) is
one of major food crops in the world. Beside the
content of carbohydrates, it contains protein, iron
and vitamin B3 which are higher than rice and
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study was selected materials from the previous
research. This study was focusing on observation of
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agronomic and grain quality characters in order to
both study the magnitude of genetic variability in
sorghum and facilitate the breeding improvement of
the species.

The present study provides information of the
genetic parameters such as variance and heritability
of agronomic and quality characters of sorghum
genotypes (mutant lines and varieties) tolerant to
acid soil. Correlation and path analysis was
performed to study the effect of some characters on
grain yield.

EXPERIMENTAL METHODS

The experiment was conducted in Unit of
Technical Implementation (UPT) of Dry Land
Technologies of West Bogor in Tenjo on February-
May 2011. The soil condition was classified as
acid soil with pH 4.8 and exchangeable-Al content
2.43 me/100 g. Randomized block design using
three replications was used in the experiment.

Ten genotypes were used as genetic materials
in the experiment, consisted of six sorghum mutant
lines derived from gamma irradiation of Durra and
Zhengzu varieties (GH-zB41-07, ZH30-29-07,
BR-ZH30-07-07, Patir-cty 33, B-76, B-92) and
four control varieties (Kawali, Numbu, Mandau
and Higari).

The measurement of agronomic characters
comprised of plant height (cm), number of
leaves, stalk diameter (cm), biomass weight (g),
panicle length (cm), grain yield per plant (g) and
100 seed weight (g). The observation of
grain sorghum quality consisted of the analysis of
amylose, protein and tannin content. Amylose
content was determined using iodo-colorimetry
method [7], protein content was analyzed by
Kjeldahl method [8] and tannin content
was analyzed by the vanillin in acidic methanol
method [9].

Analysis of variance was carried out
following the standard procedures. From the
anova table genetic variance as well as phenotypic
variance for characters was counted. Broad
sense heritability was estimated by comparison
of genetic variance with phenotypic variance,
heritability is high if more than 50%, medium
range from 20-50% and low under 20%.
Genetic variability was calculated based on
standard deviation of genetic variance by
Anderson and Brancoft method [10], genetic
variable is wide if o¢}>2 o ,and narrow if

9

a§< 2 g_,. Pearson coefficient correlation and
9

path analysis were computed based on Roy [11].
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RESULTS AND DISCUSSION

Analysis of variance indicated significant
differences (P<0.05) for all agronomic characters
among genotypes (data not presented). Agronomic
performances of genotypes are presented in
Table 1. The highest genotype was Numbu reached
203.38 cm, while the Ilowest was Mandau
(119.10 cm). Plant height of sorghum mutant lines
was ranging from 138.11-189.47 cm. Plant height is
an important character because it can describe the
proportion of photosynthate allocation between the
stem and grain. For grain sorghum purpose, very
high plants are not desirable because it will reduce
the photosynthate allocation to grain production
[12]. In addition, medium height sorghum is
generally associated with lodging resistance. Mutant
lines of GH-ZB-41-07, Br-ZH-30-07-07 and B-76
could potentially be developed into semi dwarf
sorghum.

Table 1. Data of agronomic characters of sorghum genotypes
grown in acid soil

Plant Biomass  Panicle 100 Seed Grain

Genotypes Height Weight  Length  Weight Yield

(cm) @ (cm) )] ()]

GH-ZB-41-07 152.44 ¢ 240.10de 23.28ab 2.38cd 48.28 ¢
Patir-cty 33 189.47 ab 359.57 bc 24.03ab 3.04 bc 54.23 bc
Br-ZH-30-07-07 138.11cd 372.17bc 27.10 a 2.52hc 39.29 cd
Zh-30-29-07 185.90ab 346.08bc 25.75 a 2.83hc 47.05 cd
B-76 154.47 ¢ 263.65cd 20.85 b 2.07d 45.71 cd
B-92 17519 b 332.05cd 2184 b 2.63hc 56.82 bc
Higari 121.83de 155.11e 2120 b 2.71hc 2742 d
Kawali 17623 b 71757a 2596 a 3.14ab 100.37 a
Numbu 203.38 a 465.26b 2077 b 3.77a 7185 b
Mandau 119.10 e 268.80cd 26.08 a 2.11d 44.70 cd

Values followed by a common letter within a column are not
significantly different as indicated by Least significant difference test at
p=0.05

Biomass weight of mutant lines ranged
between 240.10-372.17 g, which was still lower
than biomass weight of Kawali and Numbu.
The ability of plants in maintaining weight biomass
plants showed tolerance capacity against acid soil
[13]. For feed purpose, biomass weight is an
important character. The highest biomass weight
will supply forage for feed.

Panicle length, 100 seed weight and grain
yield are grain yield components, which means
that the characters contribute to total grain
weight. Panicle length of mutant lines ranges
from 20.85-27.10 cm, while that of the
control varieties ranges from 20.77-25.96 cm.
Panicle length is one of important component
because it is a place for panicle branches containing
grains. 100 seed weight of mutant lines range
from 2.07-3.04 g and the controls ranges from
2.11-3.14 g. 100 seed weight is associated with
seed size. Grain yield per plant was ranging from
39.29-56.82 g for mutant lines and ranging from
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27.42-100.37 g for control varieties. Even though
grain yield of mutant lines still lower than Kawali
and Numbu, the mutant lines were promising for the
cultivation because of their tolerance to acid soil.

Table 2. Data of grain quality characters of sorghum genotypes
grown in acid soil

: Tannin
Genotypes An(]g//: )0 s Pr(co)/toe)m (mg cathecin

/100 g)
GH-ZB-41-07 23.89 ab 9.56 a 0.65b
Patir-cty 33 24.39ab 9.43a 0.82b
Br-Zh-30-07-07 24.42 ab 1093 a 0.57b
Zh-30-29-07 2485a 10.30a 0.38b
B-76 23.36ab 10.12a 0.48b
B-92 2237b 8.87 a 0.58b
Higari 24.65ab 10.16 a 0.51b
Kawali 24.12 ab 940a 0.46b
Numbu 2457 ab 10.03 a 0.60b
Mandau 24.82a 9.88 a 3.66a

Values followed by a common letter within a column are not
significantly different as indicated by Least significant difference test at
p=0.05

Sorghum grain contains starch, which consist
of amylose and amylopectin. The ratio of amylose
and amylopectin influences physicochemical,
thermal and rheological properties of starch.
Amylose content of sorghum genotypes ranged
between 22.37-24.82%. Sorghum is classified into
three group based on the amylose content, namely
waxy (<1%), heterowaxy (10-20%) and normal
(>20%). The endosperm of waxy sorghum contains
three recessive waxy genes (Wxwxwx), heterowaxy
sorghum contains at least one recessive gene
(WxWxwx or Wxwxwx), and normal sorghum
contains no recessive gene (WxWxWHx) [14]. With
regard to the description, all sorghum genotypes in
the experiment were classified into normal sorghum.

The experiment results showed that protein
content range from 8.87-10.93% and no significant
difference among genotypes. As cereal plant, the
protein content of sorghum is low, generally ranging
from 8-11% [15]. However, the protein content of
sorghum is higher than rice and maize. The protein
content differ depend on the growing condition and
genetics. The highest protein content was shown by
mutant line Br-ZH-30-07-07.

GH-ZB-41-07

Patir-cty 33

Br-ZH-30-07-07 Zh-30-29-07

B-76 B-92

Higari Kawali
Numbu Mandau

Fig. 1. Variability of grain sorghum genotypes grown in
acid soil.

The tannin content of genotypes ranges from
0.38-3.66 mg (cathecin/100 mg), the highest was
Mandau with 3.66 mg. Sorghum is divided into
three groups based on the level of phenol present
(primarily tannin); Group | contains low level of
phenol and no tannin; Group Il contains tannin
which can be extracted by acidic methanol but not
by methanol alone, and Group Il contains tannin
can be extracted by both methanol and acidic
methanol. According to various studies summarized
by Dykes and Rooney [16], analysis by the same
method reveals that tannin content of sorghum
Group | ranges from 0.00-0.18 mg (all data below
the detection limit), tannin content of Group Il
ranged 0.64-1.55 mg, and the tannin content of
Group Il ranged 1.10-5.63 mg. The analysis
showed that all genotypes had tannin, that is nine
genotypes were classified into sorghum type II,
while Mandau was grouped into type IIl.

Tannin content is one of important qualities in
sorghum grain, especially for food, because of its
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effects to human health and sorghum palatability.
The presence of tannin can make food taste bitter.
Tannin is known as anti-nutritional compounds that
can reduce nutrient in food. But, tannin content is
estimated also associated with the presence of
several polyphenolic compounds that are useful for
medicine [17]. Therefore, the presence of tannins is
still required but in low levels. All sorghum mutant
line had low tannin so they are potentially to be
developed as food.

Sometimes tannin content is estimated by the
color of sorghum grain (pericarp), for example
white or yellow has no tannin and brown or red
sorghum has high content of tannin. The observation
of sorghum color of genotypes showed that GH-ZB-
41-07 (brown) had low tannin level, while the other
eight genotypes (white and yellow) also had low
tannin level (Fig. 1). Mandau (brown) was the
highest tannin content compared to other genotypes.
These results indicated that grain color had no
association with tannin content.

The estimation of heritability is used to get
information of the proportion of genetic variability
compared to environment variability. Heritability is
used as prediction for breeder about the possibility
of character inheritance. Broad sense heritabilities of
all agronomic characters of the sorghum genotypes
in acid soil were high and medium, which showed
that all genotypes gave genetic contribution to the
plant performance (Table 3). In addition, high
heritability value indicating the selection of the
promising mutant can be effective. Study of genetic
variability was done according to the standard
deviation of genetic variance of each character.
Genetic variability was wide to characters such as
plant height, number of leaves, biomass weight,
grain yield and tannin content, while it was narrow
for panicle length and 100 seed weight.

Table 3. Heritability and genetic variability values of characters
of sorghum genotypes

Genetic
Broad Sense

Characters Heritability (%) Variability (Faé
Plant height 87.37 High 359.59  Wide
Number of 7696 High 0.95  Wide
Stalk diameter 52.06 High 0.02  Narrow
Biomass 81.81 High 101.22  Wide
Panicle length 4552 Medium 258  Narrow
Grain Yield 70.68 High 172.89  Wide
100 seed weight  54.93 High 0.11 Narrow
Tannin 78.87 High 0.399  Wide

The study of correlation between characters
resulted that all agronomic characters had
significant and positive coefficient correlation
(Table 4), indicated that those characters give
positive contribution to grain yield. The results
meant that the increase of characters value will raise
the grain yield. The highest coefficient correlation to
grain yield was biomass weight (0.94).

Protein content had negative correlation to
grain yield, indicated that the increase of protein
content will reduce grain yield. Calderon et al. [18]
was also observed significantly negative correlation
between protein and grain yield. The negative
association between grain yield and protein content
is probably caused by dilution of protein by non-
nitrogen compounds (carbohydrates) in the grain.
The increase of protein content requires more
photosynthate, thus decreasing available
photosynthate for carbohydrate synthesis and
leading to relative decreases in grain yield [19].

Table 4. Correlation coefficient between characters of sorghum genotypes in acid soil

Characters GY PH NL BW PL SW AM PR
PH 0.63"

NL 0.81" 0.51™

SD 0.84™ 0.51™ 0.78™

BW 0.94™ 0.60™ 0.84™ 0.86™

PL 0.37" 0.09™ 0.60™ 0.59"™ 0.50"

SW 0.57" 0.65™ 0.37" 0.46™ 057" 0.15™

AM 0.16™ 0.10™ 0.32" 0.25™ 0.20™ 0.16™ 0.28"

PR -0.41" -0.32™  -0.34™ 026" -0.22"™  -0.04™ -030™ -0.20"™

TN 0.03™ -0.30™ 0.16™ 0.14™  -0.00™  024™ -0.28™ 0.16™ -0.06™

*** Significant at the 0.05 and 0.01 level of probability, ns Not significant

GY=grain yield, PH=plant height, NL=number of leaves, SD=stalk diameter, BW=biomass weight, PLpanicle length,
SW=100 seed weight, AM=amylose content, PR=protein content, TN=tannin content
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Path analysis is a development method
of correlation to differentiate direct and indirect
effect of one character to the other character.
Path analysis resulted in that direct effect of
biomass weight on grain vyield was highest
and positive, and indicated that biomass weight
gave big contribution to the grain production.

Technologies of West Bogor for assistance in
conducting the experiment.
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