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Abstract

Nohong, B., & Islamiyati, R. (2018). The effect of bio-slurry fertilization on growth, dry matter yield and quality of
hybrid sudangrass and sorghum (Sorghum bicolor) Samurai-2 variety. Bulgarian Journal of Agricultural Science,
24(4), 592-598

The objectives of this research were to evaluate the growth, production and quality characteristics of the hybrid sudan-
grass and sorghum Samurai-2 variety treated by different doses of liquid bio-slurry. This experiment was conducted using a
complete randomized design with 2 factors in which the first factor was the type of plants (hybrid sudangrass and sorghum
Samurai-2 variety) and the second factor included bio-slurry liquid fertilizer: PO = no fertilizer (control), P1 = 5.750 kg bio-
slurry/ha and P2 = 11.500 kg bio-slurry/ha. The data were analyzed using the variance analysis and DMRT test. There was no
interaction between the types of plants and fertilization. Plant height, long of internode, number of leaves, dry matter produc-
tion, crude protein content and dry matter digestibility of hybrid sudangrass (P < 0.05) were significantly higher and the NDF,
ADF and ADL content were significantly lower (P < 0.05) than those of the sorghum Samurai-2 variety. On the other hand,
the weights of panicles and seeds of the sorghum Samurai-2 variety (P < 0.05) were higher than those of hybrid sudangrass.
The fertilization with bio-slurry significantly increased (P < 0.05) the weights of panicles, seeds and crude protein content, but
also significantly decreased (P < 0.05) the NDF content. It can be concluded that the hybrid sudangrass has the potential to be
developed as a forage-producing crop because its production and quality are higher, while the sorghum Samurai-2 variety can
be developed as a seed producer or forage.
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the period of water shortage, hybrid sudangrass is capable of
producing high forage mass (Slanev and Enchev, 2014). The
TDN value exceeds 53%-60% and crude protein is as much as
9%-15%. Varieties with BMR ftraits are usually more suitable

Introduction

Hybrid sudangrass or BMR sudangrass is an intermediate
plant between sorghum and sudangras. It was hybridized with

sorghum, so the produced plant grows taller and have medium
stem diameter (intermediate); moreover, its production and
quality are higher than those of sudangrass (Kikindonov et al.,
2016). A varieties that possess the brown midrib (BMR) trait
have brown vascular tissue and show a low ADL content (Ven-
dramini et al., 2010). Hybrid sudangrass has a high production
potential if sufficient rainfall or irrigation is provided. During

for grazing, and they can provide profits of 5%-8% higher com-
pared to the non-BMR varieties (Vendramini et al., 2010).
Sorghum (Sorghum bicolor L.) has a high potential for cul-
tivation because it has a large number of uses (Surya and Hoe-
man, 2009). Parts of the sorghum plant such as seeds, leaves
and stems can be utilized. High carbohydrate sorghum seeds
can be used as food that can replace rice and corn (Widowati,
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2011), while leaves and stems can be made into silage (Imanda
etal., 2016). Sorghum can be used as feed for the lactating dairy
cows to increase the same amount of milk production as pro-
duced by the cows fed by corn silage (Bernard, 2016).

The increase of sorghum harvested area is caused by the de-
velopment of plants which were previously grown to produce
food into feed and industrial raw materials (Subagio and Sury-
awati, 2013), so sorghum as animal feed has significance espe-
cially in the tropics due to its adaptation to soil fertility (Pholsen
and Suksri, 2007). Sorghum can grow and develop in less well-
watered soil and slightly saline soil (Getachew et al., 2016). The
intercropping of sorghum with indigofera produces dry matter
of 3.31-4.21 tons/ha/ harvest, crude protein of 0.29-0.52 tons/
ha/ harvest with a carrying capacity of 4.09-5.20 AU/ha (Tel-
leng et al., 2016).

Breeding of sorghum with mutations induced by gamma ir-
radiation has resulted in a number of mutants (Human et al.,
2010). Sorghum mutant radiation (Samurai-2) produces two va-
rieties, namely, Samurai-1 and Samurai-2, and both are superior
and stable to the environment (Human et al., 2011). Samurai-1
is suitable for bioethanol production while Samurai-2 is suitable
for food.

Soil fertility as the medium for growing plants is very im-
portant to improve and maintain the productivity and quality
of sudangras hybrid and sorghum Samurai-2 varieties feed. At
harvest, most of the nutrients are exported out with the harvest.
Sustainable crop production requires nutrients that must be re-
placed with fertilizer.

Because of the rising price of chemical fertilizers and their
inefficient role in long-term sustainable production, it is neces-
sary to search for another alternative, namely, the use of bio-
slurry (cattle urine) to increase sustainable crop productivity
(Raj etal., 2014). This organic material can be a source of nutri-
ents for plants (Islam et al., 2010), because it contains nutrients
in an available form (Bonten et al., 2014).

Hybrid sudangrass as a source of high quality forage and
sorghum Samurai-2 varieties as a food producer and forage are
still relatively new; therefore, the data on growth, production
and quality of both types of plants are still very limited. The
objectives of this study were to evaluate the characteristics of
growth, production and quality of the hybrid sudangrass and
sorghum Samurai-2 varieties that were treated by different dos-
ages of the liquid bio-slurry fertilizer.

Materials and Methods

Location and weather conditions

This research was conducted at the Field Laboratory, Fac-
ulty of Animal Husbandry, Hasanuddin University, Makassar,
Indonesia located at 10 km east of Makassar, Tamalanrea Jaya

Sub-district, Tamalanrea District and at 5°14’S, 119°49°E) with
a height of 8 m above sea level. The experiments were con-
ducted from September to December 2016. The average daily
temperature, humidity and rainfall during the study were 27°C,
85%, and 390 mm respectively.

Material and plot design

The material used in this research included the seeds of hy-
brid sudangrass plant (BMR sudangrass F, OG) from Johnny’s
Seeds imported directly from the United States. As a compara-
tive material, radiation mutant sorghum (Samurai-2) which is
superior and stable to the environment and suitable for food
was used. The liquid fertilizer of bio-slurry containing N total
0f 0.87%, P,0, 0f 0.85% and K,O of 0.81% was also used. The
plot size was 200 x 150 cm, and there were 18 plots, consisting
of 2 types of plants and 3 levels of fertilizer. Each treatment was
repeated or replicated for 3 times.

The sorghum seeds were planted in a plot with a planting
space of 50 x 50 cm. Each plot consisted of two rows and each
row was made into 3 cm deep holes. Each hole was filled with
5 seeds and then covered with soil. Uniformity was conducted
when the plants were at the age of one week after planting. From
each hole, one plant whose growth was relatively the same was
chosen to stay in the plot, while the others were removed or
pulled. The remaining plants were maintained until the end of
the study. The bio-slurry fertilizer was given in the second week
by spraying it around the plants.

Experimental design

This experiment was performed using a complete random-
ized design with 2 factors. The first factor was the plant type
(hybrid sudangrass and sorghum Samurai-2 variety). The sec-
ond factor was the bio-slurry liquid fertilizer: PO = no fertil-
izer (control), P1 = 5.750 kg of bio-slurry/ha equivalent to 50
kg N/ha, 49 kg P,O_ /ha and 47 kg K O/ha; P2 = 11.500 kg of
bio-slurry/ha equivalent to 100 kg N/ha, 98 kg of P,O /ha and
93 K,O/ha. The data was then analyzed statistically by using
variance analysis (ANOVA) and MINITAB (Version 16). The
Duncan Multiple Range Test (DMRT) was used to find out the
differences among the treatments.

Observations

Observations of growth included plant height and number
of leaves starting from week 2 to week 15. Plant height (cm)
for each plant was measured from the base of the plant to the
tip. The number of branch leaves per plant was calculated from
each selected plant, and the average number of leaves was cal-
culated. The other parameters were calculated and observed
after harvest at week 15 (105 days). The plants were harvested
after the seeds were ripe or could be used as seeds. The stems,
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leaves, panicles and seeds were separated and then weighed to
determine the fresh weight. To obtain the dry material, the fresh
samples were dried at 70°C for 48 hours and ground using a
Willey mill with strain in 1 mm diameter.

Methods applied

Kjeldahl method (AOAC, 2005) was used to determine the
nutrient component for nitrogen (N). Crude protein was calcu-
lated, i.e. N x 6.25. Neutral detergent fiber (NDF), acid deter-
gent fiber (ADF) and acid detergent (ADL) were determined
according to Van Soest et al. (1991). The in vitro dry matter
digestibility (IVDMD) was analyzed using Tilley and Terry
method (1963).

Results and Discussion

Growth

The effects of bio-slurry fertilization on plant height, inter-
node length, leaf number and stem ratio of hybrid sudangrass
and sorghum variety Samurai-2 are presented in Table 1. Plant
height, internode length and number of leaves (P < 0.05) were
significantly affected by different types of plants. Plant height
and leaf number (P < 0.05) were significantly affected by fer-
tilization, while the internode length was not affected by fer-
tilization. There was no interaction between the plant types
and fertilizer for all growth parameters. Plant height, internode
length and number of leaves on hybrid sudangrass were more
significant (P < 0.05) compared to sorghum Samurai-2 variety.
The height of plants with P2 fertilizer application (P < 0.05)
was higher than that of PO (control) and did not differ from the
application of P1 fertilizer. The number of plant leaves treated
with P1 and P2 was significantly higher (P < 0.05) than that of
the plants with no fertilizer (P0).

Yield components

The effects of bio-slurry fertilization on dry matter yield,
weight of the panicles and seeds of the Hybrid Sudangrass
and Sorghum Samurai-2 variety are presented in Table 1.

The dry matter yield was significantly influenced by the
types of plants (P < 0.01). The panicle weight (P < 0.01)
was greatly affected by fertilization, while the seed weight
was not affected by fertilization. There is no interaction be-
tween the types of plants and the application of fertilizer.
The panicle weight of sorghum Samurai-2 was greater (P <
0.05) than that of hybrid sudangrass. The weight of panicles
with fertilizer application of P2 dose was significantly higher
(P < 0.05) than that of P1 and without fertilizer (PO) while
the treatment of fertilization P1 was not different (P > 0.05)
from the control (P1). The seeds of sorghum Samurai-2 are
heavier (P < 0.05) than those of hybrid sudangrass while the
plant seed weight was not affected (P > 0.05) by fertilizer ap-
plication, and there was no interaction between plant species
and fertilizer application.

Crude protein content (CP)

The effect of bio-slurry on the crude protein content of
hybrid sudangrass and sorghum Samurai-2 variety is pre-
sented in Table 2. The crude protein content was greatly in-
fluenced (P < 0.01) by forage and fertilization. There was no
interaction between plant species and fertilization. The crude
protein content of hybrid sudangrass was higher (P < 0.05)
than that of sorghum Samurai-2 variety whereas the crude
protein contents of the fertilized plants with the P1 and P2
doses were higher (P < 0.05) than those of the non-fertilized
plants (PO).

NDF, ADF and ADL contents

The effects of bio-slurry fertilization on NDF, ADF and
ADL contents of hybrid sudangrass and sorghum Samurai-2 va-
riety are presented in Table 2. The NDF, ADF and ADL contents
were significantly (P <0.01) influenced by the plant type differ-
ences. The NDF content was significantly (P < 0.01) influenced
by fertilization, but it had no effects on ADF and ADL contents.
There was no interaction between the types of plants and the
application of fertilizer. The NDF, ADF and ADL contents of
hybrid sudangrass (P < 0.05) were lower than those of the sor-

Table 1
Characteristics of growth, production of hybrid sudangrass and sorghum Samurai-2 variety

Parameters Type of plants Level of bio-slurry

Hybrid sudangrass | Sorgum Samurai-2 PO | Pl P2

Plant height (cm) 196.39+31.62¢ 153.47+8.25° 157.79+£27.47¢ 177.62+34.13% 189.38+28.91°
Internode (cm) 20.15+2.49* 10.18+3.43Y 13.84+4.23¢ 14.60+7.93* 17.07+5.52°
Number of leaves/plant 6.16:+0.65° 4.554+0.35° 5.08+0.73° 5.20+1.41° 5.78+1.61°
Panicles (g/plant) 32.44+6.32° 57.67+7.95° 40.58+17.24° 4492+14.69° 49.67+13.23*
Seeds (g/100 seeds) 3.3140.20° 3.94+0.26° 3.48+0.42° 3.65+0.43¢ 3.75+0.37°
Dry matter forage (t/ha) 13.74+1.10° 12.99+1.30° 11.88+0.63" 13.76+0.64 14.4541.23°

Means with different supercripts in the same treatment and line are significantly different
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Table 2

Crude protein, NDF, ADF, ADL content, in vitro dry matter and organic matter digestibility of hybrid sudangras and

sorghum Samurai-2 variety

Parameters Type of plants Level of bio-slurry

Hybrid sudangrass | Sorgum Samurai-2 PO P1 P2
CP (%) 6.97+0.38* 6.37+0.61° 6.25+0.57° 6.68+0.39* 7.08+051*
NDF (%) 69.46+1.08* 71.08+1.29° 71.35£1.23° 70.16+1.22° 69.29+127¢
ADF (%) 38.72+0.43* 40.43+0.29° 38.44+0.19* 38.58+0.79* 38.72+0.99*
ADL (%) 5.56+0.22* 6.02+0.18° 5.73+0.33¢ 5.80+0.32* 5.79+0.31°
IVDMD (%) 56.08+0.14* 54.74+0.09° 55.75+0.212 55.40+0.26* 55.30+0.26*
IVOMD (%) 56.27+0.75* 54.91+0.43° 55.36+1.08* 55.46+0.98* 55.97+0.91*
Means with different supercripts in the same treatment and line are significantly different
ghum Samurai-2. The NDF contents of the fertilized plants with Yield components

the doses of P1 and P2 (P < 0.05) were lower than those of the
plants without fertilizer (PO).

In vitro dry matter digestibility (IVDMD)

The effects of bio-slurry fertilization on dry matter di-
gestibility of hybrid sudangrass and sorghum Samurai-2 va-
riety are presented in Table 2. Dry matter digestibility was
affected (P < 0.01) by forage species. There was no effect of
fertilization on dry matter digestibility and no interaction be-
tween plant species and fertilization. The dry matter digest-
ibility of the hybrid sudangrass was higher (P < 0.05) than
that of sorghum Samurai-2.

Organic matter digestibility (OMD)

The effect of bio-slurry fertilization on organic matter di-
gestibility of hybrid sudangras and sorgum of Samurai-2 va-
riety is presented in Table 2. Organic matter digestibility was
affected (P < 0.01) by forage species. There was no effect of
fertilization on organic matter digestibility and no interac-
tion between plant species and fertilization. The organic ma-
terial digestibility of the hybrid sudangras plant was higher
(P <0.05) than that of Samurai-2 sorghum variety.

Plant height

Plant height is a measure that is used as a growth indicator
and as a parameter used to measure the effects of treatment
applied. Plant height ranged from 153.47 cm to 196.39 cm
between types of plants. The results of this study showed that
the range of plant height of hybrid sudangrass as reported by
Mohammed (2010) was between 177 cm—214 ¢cm and for the
sweet Sorghum, (Surya and Hoeman, 2009) it could reach the
height up to 154.50 cm. The plants that were not fertilized
(PO) were lower (157.79 cm) than those given by P1 and P2
fertilizers with the heights of 177.62 cm and 189.38 cm re-
spectively. The effects of bio-slurry fertilizer on the growth
of potato plants were reported by Amara and Mourad (2013).

The number of leaves has a strong impact on the forage
quality. The average number of leaves per plant that survived
until harvest at the age of 15 weeks (105 days) for the hybrid
sudangrass and sorghum Samurai-2 variety reached 6.16 leaves
and 4.55 leaves, respectively. Our results were lower than those
reported by Tahir et al. (2005) in which the number of leaves
of sorghum x hybrid sudangrass varies between 10.87-12.2.
Meanwhile Ayub et al. (2010) reported that the average number
of leaves from the eight varieties of sorghum varied from 9.13
to 10.83 leaves per plant. The low number of planting leaves in
the two plant species used in this study is due to the age factor,
as the two plants were harvested when the beans were already
ripe/dry. The number of leaves of the hybrid sudangrass was
greater because most plants could form new shoots that pro-
duced leaves, whereas in sorghum there was no shoot forma-
tion. Application of bio-slurry fertilizer gave a significant effect
(P < 0.05) on increasing the number of leaves. The increase in
the number of leaves was due to the application of bio-slurry in
cabbage leaves (Shahbaz et al., 2014), whose number increased
from 7.3 leaves without treatment to 12.6 leaves with the bio-
slurry treatment with the dose of 600 kg bio-slurry/ha.

The weights of panicles ranged from 32.44 g/plant to 57.67
g/plant and the weight of seeds ranged from 3.31 g/100 seeds
to 3.39 g/100 seeds among crop types. The sorghum Samurai-2
variety was superior in panicles and seed weights. This is in
accordance with the purpose of the development, i.e. to make
this plant hybrid produce seeds as a source of food. According
to Ahmad et al. (2014), the weight of panicles in sorghum is
a selection criterion in obtaining a superior variety because of
its great effect on the production of dry beans. The weight of
panicles and seeds produced by the sorghum Samurai-2 variety
are similar to those of various mutant sorghum strains varying
from 53.43 to 93.36 grams per plant, and the weight of seeds
ranges from 2.67 to 3.21 grams per plant as reported by Sihono
(2009). Unlike the hybrid sudangrass, although its panicles look
big, they are lighter because only a few seeds are formed with
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smaller sizes, and most of the panicles are hollow. The hybrid
sudangrass plant belongs to a hybrid plant group, resulting in
lower quality of seeds. This is in accordance with the opinion of
McPherson et al. (2011) stating that plants belonging to hybrid
crop groups produce poor seeds. Fertilization of bio-slurry in-
creased the weight of panicles at the dose of P2. The effects of
fertilizer application on the panicle weight of Kawali sorghum
variety had been reported by Tacoh et al. (2017).

The average dry matter yield ranged from 13.74 t/hato 12.99
t/ha among types of plants. The high production of dry matter
in hybrid sudangrass was due to the differences in its genetic
property. Reddy et al. (2003) stated that the characteristics of
crop production are determined among others by their genetic
property. The dry matter production obtained in this study was
lower than that reported by Venuto and Kindiger (2008) stat-
ing that dry matter productions from hybrid sudangrass cultivar
Sweeter ‘N Honey BMR and Honey Graze BMR were 18.0 t/
ha and 20.2 t/ha, respectively. The same result was reported by
Kikindinov et al. (2015) stating that the production of dry mat-
ter varied from 20.77 t/ha for hybrid sudangrass and 27.37 t/ha
for sudangrass. The low production of dry matter of hybrid su-
dangrass in this study was probably caused by the differences in
soil fertility of the area where the research was conducted. The
production of the forage dry matter of the sorghum obtained in
this study was similar to that reported by Ayub et al. (2012) who
stated that the production of forage dry matter of sorghum var-
ied between 12.61 and 22.53 t/ha. The production of dry matter
with bio-slurry fertilizer is higher than that without fertilization
(control). Similar result had been reported by Nasir et al. (2012)
stating that the application of bio-slurry may increase the pro-
duction of dry matter of cabbage plant.

Crude protein content varied from 6.37% to 6.97% among
plant species. This is consistent with the statement of Fales and
Fritz (2007), that the genetic differences among and within for-
age crop species have a major effect on forage quality. The ef-
fects of varietal differences on crude protein content have been
reported by a number of researchers. Shambas-2 variety and
Omdoum variety contain 8.2% and 9.3 % crude protein respec-
tively, according to Idris and Mohammed (2012). Pacific BMR
variety and Bettagraze variety contain 16.8% and 16.1% crude
protein respectively, according to Millner et al. (2011).

Significant differences in the crude protein content of vari-
ous genotypes have also been reported by Mohammed (2010)
that the average crude protein of some of the sudangrass geno-
types grown in Khartoum State, Sudan, varies between 5.25%
and 7.88%. In addition, differences among cultivars may also
cause differences in crude protein content (Uzun et al., 2009;
Mahmood and Honermeier, 2012). Fertilizations of P1 and P2
bio-slurry increased the crude protein content by 6.68-7.08% if
compared with the plants without fertilization (P0). The effects

of bio-slurry on increasing the crude protein content of sorghum
from 6.11% to 7.7% has been reported by Nohong et al. (2016).
Similar results were found in the Pueraria javanica plant, sug-
gesting that the administration of bio-slurry increased the crude
protein (Mudhita et al., 2016). Similarly, nitrogen fertilization
at a dose of 40-80 kg N/ha increased the crude protein content
from 9.08% to 10.90% (Hazary et al., 2015).

The contents of NDF, ADF and ADL are important fac-
tors affecting the quality of feed plants. The clear distinction
between the hybrid sudangrass and the sorghum Samurai-2 va-
riety on NDF, ADF and ADL contents in this study supports the
findings of other researchers who investigated the effects of ge-
notypic differences on fiber components (Mahmood and Hon-
ermeier, 2012; Nawaz et al., 2016). The low contents of NDF,
ADF and ADL of hybrid sudangrass are due to its possession of
BMR. According to Bean et al. (2013), plants that possess BMR
properties consistently have low NDF, ADF and ADL contents.
In this study the contents were in the range reported by Beck
et al. (2007) according to which the contents of NDF and ADF
of sorghum-hybrid sudangrass were 72.2% and 43.2% respec-
tively for plants without BMR and 66.1% and 39.0% for those
with BMR. The same result is also reported by Millner et al.
(2011) according to which the hybrid sudangrass (Pacific BMR)
contains lower NDF and ADF than those of sorghum. Astigar-
raga et al. (2014) stated that sorghum that has BMR properties
contains lower ADL than that without BMR.

There was a decrease in NDF content due to fertilization.
The same results were reported by Nirmal et al. (2016) that the
increase of N fertilizer on the three cultivars of sorghum results
in the decrease of NDF content. The high contents of NDF, ADF
and ADL of sorghum Samurai-2 variety showed that the quality
of this variety was lower than that of hybrid sudangrass. Accord-
ing to Schroeder (2012), if the percentage of NDF increases, the
intake of dry matter is generally reduced, while the ADF content
is related to the ability of livestock to digest forage.

Dry matter digestibility of the hybrid sudangrass was higher
than that of sorghum Samurai-2 variety, and this is related to
low contents of ADF and ADL, compared to those of sorghum
Samurai-2 variety (Table 2). High NDF and ADF contents
exhibit lower digestibility due to the higher lignification (Van
Soest, 1985). ADL is a major component of plant cell walls,
long known for its negative impact on forage quality (Li et al.,
2008; Ledgerwood et al., 2009). The effects of genotype on dry
matter digestibility had been reported by various researchers.
Sriagtula et al. (2017) reported that there were differences in
dry matter digestibility between sorghum mutant lines Patir 3.1,
Patir 3.2, and Patir 3.7 reaching 60.10%, 65.88% and 63.45%
respectively. The BMR properties possessed by hybrid sudan-
grass produce low ADL content (Table 2) resulting in higher
digestibility (Table 2). Similar results were reported by Puteri
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et al. (2015) that sorghum Samurai-1 variety containing BMR
properties of Patir 3.5, Patir 3.5 and Patir 3.6 had higher digest-
ibility than non-BMR sorghum.

In this research, in vitro organic matter digestibility of hy-
brid sudangrass was 56.27% and that of sorgum Samurai-2
variety was 54.91%. The value in vitro organic matter digest-
ibility of hybrid sudangrass in this study are lower compared
with that reported by Erisek and Kilik (2017) which states that
the organic matter digestibility of sorgum-sudan grass hybrid
was 67.99%. While the value of organic matter digestibility of
sorghum Samurai-2 variety in this study are higher compared to
the sorgum Samurai-1, reported by Puteri et al. (2015), which is
39.60%, but it was lower than the organic matter digestibility of
sorgum mutant line, i.e. 63.38% (Sriagtula et al., 2017).

Conclusion

The hybrid sudangrass has the potential to be developed as
a forage-producing plant due to its higher production and qual-
ity, while the sorghum Samurai-2 variety can be developed as a
food or forage producer.
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