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Introduction:-

Livestock production is one of the most important activities in Indonesia, and grasslands are the main feed source
for Indonesian cattle herds. This results in lower production costs than that in intensive or semi-intensive systems,
where animals are restricted and are fed with grains. In Indonesia, for example in Central Java, livestock production
today almost exclusively requires elephant grass.

Elephant grass is a source of feed for most ruminants and is found out to be one of the most preferred types of grass
favored by livestock. However, its production varies in the rainy season and in the dry season (the seasonal variation
in Indonesia is indicated by the difference in rainfall mean, for example, in the months Schmidt and Ferguson called
‘dry months’ the rainfall mean is less than 60mm, while in the wet months called wet months, it is over 100 mm).
This is a problem since to get sustainable livestock production, the constant availability of qualified feed and forage
resources are badly needed.
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Elephant Grass, also known as Napier grass or Uganda grass, is one of the most important tropical forage crops. It is
widely used in cut and carry feeding systems and is of growing importance in other agricultural systems. Napier
grass possesses many desirable characteristics, including high yield per unit area, tolerance to intermittent drought
and high water use efficiency, making it a forage of choice. It has the ability to withstand repeated cutting and will
regenerate, producing palatable leafy shoots. Enhancing the knowledge-based use and conservation of the available
Napier grass resources promises to benefit livestock value chains (Negawo et al, 2017).

The success of grassland management practices should be based on thorough observation, which include
morphological developments and plant physiological reactions. Both changes have proved to affect the production
and quality of feed plants (Waller et al.2004). So far, such research on the productivity and quality of elephant grass
has been conducted. The researchers have come up with different recommendations in determining the exact time of
defoliation to get optimum production. Based on the age of the plant, Moran (2005), for example, said that elephant
grass could harvest at 25 - 30 days in the rainy season or 50 - 60 days in the dry season, whereas Mwebce (2002)
recommended that defoliation of elephant grass be conducted at 8 to12 weeks.

In Indonesia, the habit of harvesting forage is 6 weeks which is the best time for plants to grow back and have the
good chemical. Based on the location of the research, which is the land with high rainfall, this study was meant to
find out the shorter cutting interval of forage in relation to its production and quality.

Materials and Methods:-

Experimental Site:-

The research was done in Getasan region which constitutes the upland area of Tuntang watershed. The elevation of
the research location is 600-1,000 m above sea level. In the upland area, there are many kinds of agroforestry
systems. The research was conducted from December 2012 to December 2014. Getasan district has a cool climate
with rainfall that adequately makes the soil fertile. Such climate includes in B2 type with its characters that has 7-9
wet months in succession and 3-4 dry months.

A composite soil sample was collected previously to the experimental setting presenting the following values for the
selected properties: total organic C = 1.11 g kg™; pH (1:5, soil:water) = 5.4; Ca = 0.7 cmol.dm™; Mg = 0.7 cmol.dm"
% K = 0.15 cmol.dm™; bulk density = 1.1 mg m™. The area was Oxisol, the texture was loam. The amount of rainfall
in 2013 was 2718 mm with 99 rainy days. In 2014, the amount of rainfall was 2571 mm with 102 rainy days. The
experimental area was relatively undulating.

Establishment of elephant grass:-

The investigation was carried out from December 2012 to December 2014. The treatments consisted of two forages
cutting frequencies: 12 and 8 cutting frequencies each year (4 week cutting interval and 6 week cutting interval), at
regularly spaced intervals. All treatments were replicated five times and arranged in a factorial design based on
randomized complete block design. Plots were 5 m x 5 m and included 25 plants each. Plants from treatments 4
weeks CI were first pruned in January 2013 and 6 weeks were cut in the middle of February 2013, respectively, at
10 cm heights from the soil. This area was sown at the same spacing and time and received the same fertilizer doses
as applied to the elephant grass. Cow manure (2 tons.ha™) was added and incorporated (0—20 cm) in the soil of this
area every 3 months.

Soil physical and chemical properties:-

One composite soil sample from five sampling points was taken from each plot at 0-20 cm depths in November
2014. Three composite samples were also taken from the elephant field to contrast their soil properties with those
from the plots under study.

A portion of each soil sample was air-dried and sieved through 4 mm sieve for physical analyses, and 2 mm sieve
for chemical analyses. Soil N was determined using the Kjeldahl method. Total organic carbon (TOC) was
quantified according to a Walkey and Black methods.

Measurements:-

The Napier grass sample was taken with 5 x 5 m2 plot. For fresh forage yield (t.ha™), manual harvesting with a
sickle was done at a respective time of harvest for each treatment (4 weeks and 6 weeks), respectively, and the
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bundles were then weighed immediately. The dry matter was obtained by baking 50 gr of forage sample in an oven
at 105°C for 24 hours. The content of crude protein was measured by the Kjeldahl method, while the content of
crude fiber was measured by dissolving it using strong acid (AOAC, 2005). The crop growth rate and production of
dry matter were measured according to the content of dry matter and its fresh produce, such as: one composite soil
sample from five sampling points was taken from each plot at 0—20 cm depths in November 2014. Three composite
samples were also taken from the elephant grass field to contrast their soil properties with those from the plots under
study.

Dry weight in harvest time—dry weight stek

x 100 %

Crop growth rate =
Pg Time of harvest—time of planting

Dry weight

Dry matter percentage = x 100 %

Fresh weight
Dry matter production (DMP, t.ha™) = Fresh Weight Production x Dry Weight Content

The crude protein content was measured based on the nitrogen content which was measured using Kjeldahl method,
with the calculation as follows: Crude protein content = N x 6,25

Statistical Method:-
All data collected were then tested on ANOVA (analysed of varians) based, and to determine the difference among
treatments, Duncan’s Multiple Range Test (DMRT) was done by referring to Steel and Torrie (1980).

Results And Discussion:-

Soil Properties:-

The ANOVA results show that cutting intervals and different years did not show any interactions. Years show
different effects on soil N content. The N content of soil in the second year was 58.6% higher than the N soil in the
first year (Table 1). ANOVA results show that cutting intervals and different years did not show interaction, a year
or type of cutting interval did not show a different effect on soil pH content. The ANOVA results show that cutting
intervals and different years did not show interaction. The year and the type of cutting intervals did not show any
different effects on the C organic content of the soil. The ANOVA results show that cutting interval and different
year did not show interaction. Year or type of cutting interval did not show a different effect on soil bulk density
content.

Table 1:- Soil properties of study sites at different cutting intervals and years

Year N soil (%) pH C organic(%) Bulk density
(g/em’®)
2013
Cutting interval (CI)
4 weeks 0.30b 5.32a 148 a 1.14a
6 weeks 0.29b 5.66a 1.50a 1.10a
2014
Cutting interval (CI):
4 weeks 0.50a 5.50a 1.94a 1.12a
6 weeks 0.43ab 5.62a 2.12a 1.14a
Years : 2013 0.29b 5.49a 1.49a 1.12a
2014 0.46a 5.56a 2.03a 1.13a
Cutting interval (CI):
4 weeks 0.396a 5.41a 1.71a 1.13a
6 weeks 0.358a 5.64a 1.81a 1.12a
Fvalue
N soil pH C organic Bulk density
Year (Y) 12.00* 0.25ns 3.96ns 0.22 ns
Cutting interval (CI) 0.60ns 2.75ns 0.14ns 0.22 ns
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Y*Cl | 0.37 ns | 0.63ns | 0.09ns | 2.00ns

Growth and Yield of Elephant Grass:-

Tiller number:-

ANOVA results show that the interaction between the year and cutting interval had no effect on tiller number
elephant grass. Year factor and cutting interval each had a real effect on tiller number (Table 2). Tiller number at the
Cl 4 weeks was higher than Cl 6 weeks. The interaction between cutting intervals and year factor shows a
significant effect on CGR of Elephant grass. Year factor and cutting intervals each had a significant effect on CGR
of Elephant grass. CGR in the second year was 43.4% real (p <0.05) higher than in the first year. CGR at cutting
interval 4 weeks (43.67%) was higher (p <0.05) than cutting interval 6 weeks.

The interaction between cutting intervals and year factor shows a significant effect on biomass yield per plot of
Elephant grass. Year factor and cutting interval each had a real effect on biomass yield per Plot of Elephant grass.
The highest biomass yield per plot (198.96 kg. plot-1) was at cutting interval 4 weeks in the second year which was
significantly different in all treatments. Compared to the first year, Cl 4 weeks in the second year increased by 67%.
Biomass resulted in Cl 4 weeks of the second year, when compared with 6 weeks in the second year, it was 84.7%
higher. The interaction between cutting intervals and year factor shows a significant effect on forages production of
Elephant grass.

Year factor and cutting interval each had a real effect on forages production of Elephant grass. The highest result of
Forages production (517.29 tons.ha-1) was at cutting interval 4 weeks in the second year which was significantly
different in all treatments. Compared to the first year, Forage production at Cl 4 weeks in the second year increased
by 67.0%. The interaction between cutting intervals and showing a significant effect on Dry Matter Production of
Elephant grass. Year factor and cutting interval each had a real effect on Dry Matter Production of Elephant grass.
The highest result of Forages production per plot (198.96 kg.plot-1) was at cutting interval 4 weeks in the second
year which was significantly different in all treatments. Compared to the first year, DM production in CI 4 weeks in
the second year increased by 104.9%.

Table 2:- Growth, production and chemical composition of elephant grass due to cutting intervals and length of
different management

Year Tilllering | CGR Biomass Forage DMY DM CP CF
(g.day™) | kg/plot production t/ha (%) (%) (%)
t/ha
2013
4 weeks 22.53a 161.80b | 119.14b | 309.75b 60.39 b 19.02 a 7.72a 27.40a
6 weeks 26.23a 95.70c | 105.90b 183.56 ¢ 32.12¢ 16.94a 6.66a 32.80a
2014
4 weeks 28.75 a 271.88a | 198.96a 517.29 a 123.72a | 23.92a 7.44a 29.88a
6 weeks 20.01la 97.36¢ | 107.72b 186.71 ¢ 4046c |2171a 6.66a 36.48a
Years
2013 225b 128.75b | 112.52b 246.70 b 46.26 b | 17.98b 7.19a 30.10b
2014 26.2a 184.62a | 153.34a 352.00 a 82.09 a 22.82a 7.05a | 33.18a
Cutting
Interval
4 weeks 28.75a 216.84a 159.05a 413.52a 92.06 a 21.47 a 758 a | 28.64b
6 weeks 20.01b 96.53b | 106.81b 185.14 b 36.29 b 19.33a 6.66b | 34.64a
F value
Tilllering | CGR Biomass Fresh yield DMY DM CP CF
Kg/plot t/ha t/ha

Year (Y) 8.86* 44.7* 34.86* 41.39* 36.12* 11.55* 0.22ns | 74.52*
Cutting 49.44* 205.28* | 57.09 * 194.52* 87.51* 2.27 ns 9.67* 282.80*
interval(Cl)
Y*ClI 1.50 ns 41.68* 31.82 * 38.95* 21.28* 0.001ns | 0.22ns | 2.83 ns
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Chemical Composition of Elephant Grass:-

ANOVA results show that the interaction between year and cutting interval had no effect on DM elephant grass.
Year shows a real influence on DM. DM content in the second real year (p <0.05) was higher (26.92%) than in the
first year. ANOVA results show that cutting intervals and different years did not show interactions in crude protein.
Factor years showed no different effects on crude protein. This cutting interval shows different effects on a crude
protein of Elephant grass. The crude protein rate at cutting interval 4 weeks was higher (13.8%) than the protein
level at the cutting interval of 6 weeks. ANOVA results show that cutting intervals and different years did not show
interactions in crude fibers. Year factor shows different effects on crude fibers. This cutting interval shows different
effects on crude fibers of Elephant grass. The crude fibers content was higher (p <0.05) in the second year than in
the first year. Levels of CF at cutting interval 6 weeks was higher than cutting 4 weeks. Crude fiber content at 4
weeks cutting interval (28.6%) was lower than 6 weeks cutting interval (34.6%).
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Discussion:-

Soil Properties:-

In the research it was found out that the soil N increased compared to that in the first year. It was probably derived
from the additional manure that had not been completely shrunken in the first year and finally added to the soil N in
the second year. The C org, pH, and bulk density were not real. It was possibly due to the fact that the physical
properties of the soil could not affect the change of the specific gravity. Meanwhile, although the organic C had not
been real, it tended to increase in the second year (10% test).

According to Hatfield et al. (2007), changes in bulk density and soil nutrient profile are the concerns of crop
producers. Changes in bulk density and nutrients happen in soil profiles which experience inconsistent treatment and
sheep way in eating the rest of wheat crop. This shows the potential that allows sheep to graze on wheat straw
without damaging and affecting the bulk density of soil or soil profile. Dubeux Jr et al. (2006) added that soil
organic matter (SOM) affects soil physical, chemical, and biological properties, and is an important indicator of
ecosystem sustainability. Sustainable land management should include practices that elevate, or at least maintain, the
appropriate SOM for the given soil. Based on this single criterion, well-managed pastures are sustainable production
systems because SOM has observed to increase. Because C inputs in productive pastures increase compared to low
input systems, it is expected that SOM increases more in managed paste systems.

The research location had a rainfall of 2718 mm, with rainy days of 99 in 2013 and 2571 mm with rainy days of 102
in 2014. In 2013, the months of December to July were wet months (rainfall> 100 mm according to Schmidt and
Ferguson, while months of August to September, from December to June were wet months (rainfall> 100 mm
according to Schmidt and Ferguson, while dry months July to October) Based on falling rainfall, the study area is a
sufficient area of water.
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Growth and Production:-

The ability of elephant grass to grow was related to its capacity to cover the soil and thereby prevented the entry of
weeds that have caused grassland degradation. Elephant grass was able to form saplings. This clonal reproduction
nwas one of the most efficient mechanisms to ensure a persistence of elephant grass. In addition, persistence of
elephant grass was caused by high tolerance to defoliation, because it had abundant growth rate and is well
protected. The strength of growing elephant grass was also supported by the distribution of rainfall throughout the
year so that its production was high. The average yield of higher livestock feeds got in 2014 compared to 2013 was
due to the ability to grow and persistence of elephant grass that had been good during the second year.

Factors that affected the number of tillers were the availability of water, nutrition, and sunlight, planting season, and
the ability of plants to respond to varied environments. If the number of tillers per unit area increased, then the
number of plants per unit area would increase. This resulted in the increasing density of plant so that it was predicted
that DM yield would also increase.

The better growth phase of the plant and creation of an optimal microenvironment through leaf defoliation expected
to be photosynthesis and assimilate translocation was optimal. As a matter of fact, plant growth is a process of plant
life from various physiological processes, involving genotypes and environmental factors interacting with each
other. The growth process involve sincreasing size, shape and quantity over time. A plant can grow and develop if
all the needs of the plant can be fulfilled to the fullest. Efforts can be made to increase the elephant grass production
by leaf defoliation at certain positions and ages to balance between vegetative and generative plant growth patterns,
besides the defoliated leaves that can obtain forages. Defoliation alters the microclimate of plant environments,
where reduced canopy crops will be followed by increased light penetration, resulting in rising ground surface
temperatures, which stimulate the growth of saplings from the crown part of the grass plant. The section as one of
the storage reserves of energy for regrowth (Ansah et al, 2010). The ability of forages to regenerate after defoliation
is due to sufficient growth and reserve energy (Wijitphan et al., 2009).

The data also show that B. humidicola grasses other than persistent to recurrent defoliations could also produce new
chicks that were usually more vigorous and of higher quality after defoliation. As a result of cutting intervals, even
though the leaf dry weight was smaller because it wasa deficit, the dry weight of the roots was even greater. This
phenomenon described the ability of elephant grass to survive even though it was de-defoliated. In this case
defoliation stimulated the root component to develop so that in turn it was able to provide nutrients for the regrowth
of the grass plants (Wang et al., 2003). DM yield variation in elephant grass was influenced by climatic factors
factor, soil water availability, nutrients availability, plant density, harvest time and method. The yield of DM yield
had reached 123.72 tons per year™ with 30 days cutting interval greater than Negawo et al., (2017) research result of
78 tons. ha™. Year?with regular cutting between 60 to 90 days. The accumulated dry biomass ranged from 30 to 42
Mg ha™ with 180 days cuts (Flores et al., 2012).

Quality:-

The DM contained in the grass changed with the age of the plant, the older plant got less water content and the
proportion of cell walls was higher than the contents of the cell (If the cell wall content of the plant is larger, the
plant will contain more DM). The value of this dry matter content was also affected by the defoliation interval
because defoliation affects grass production. In fact ,keeping the plants young to obtain high nutritional value by
adjusting short defoliation intervals can lead to a decrease in the production of dry forage.

During the research, the protein content (%) was determined by using Kjeldahl Method (AOAC, 2005). Crude fiber
(%) was also determined by following the official method of Analysis (AOAC, 1990). At Cl 4 weeks, as the age of
the plant was still young, the elephant grass looked more green and young, showing that the protein produced was
also highest. Indeed, age affects the crude fiber content of plants. The older the plants were, the more crude fiber
content can be gained. Table 2 above shows that longer cutting intervals decreased the crude protein content. This is
due to the fact that in older plants there is higher crude fiber content and lower levels of protein. The more ages the
plants had, the larger the cells grew. The cell wall thickened and the development of wood vessels was expanded so
that the production of dry matter increased, but the nutritional content decreased. The decline in nutritional value in
the last year of the evaluation (in 2014), both in terms of DMD and CP was also observed through the increasing
value of crude fiber associated with low-quality feed due to the anti-nutrient lignin in cellulose. This increase in CF
may associate with higher proportion of stems in the harvested feed and leaf reduction. This is in line with Churkova
(2013) who stated that lower crude fiber content of the forage was an indicator of its better quality. The chemical
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composition and nutritive value of the forage varied depending on the botanical composition, the phase of growing
season, fertilization, and the growing conditions. As water content and the content of crude protein decreased,
vegetation, and crude fibers increased. Crude protein in this study differs from the results of Onyeonagu and Eze,
(2013), which was 16.66% in the rainy season and 9.62% in the dry season, while crude fibers were 11.27% in the
rainy season and 18.0% in the dry season. Okaraonye and Ikewuchi (2009) reported crude protein from Pennisetum
purpureum was 27%. Purbajanti et al (2009) reported that on saline soil crude protein of Pennisetum purpureum
was 7.02%, while crude fibers were 31.67%. Bilbao et al (2004) reported that proteins comprised amino acids
derived from nitrogen. The developed nitrogen plants also determined the quality of crops. Nitrogen was required
for the vegetative growth of the plant.

During the tested periods, the CP content varied with the cutting intervals but there was no significant differences
with years. The CP contents were similar in the 2013 and 2014 and the significant differences in the CI 4 weeks and
ClI 6 weeks. The highest average CP content was obtained in the Cl 4 weeks (7.58%) and CI 6 weeks (6.66%). This
result was probably due to favorable climatic conditions for herbage growth and development during these periods.
This result was lower than Antony and Thomas was CP 10.73-14.17% and CF 8.42-31.05%

Churkova (2013) argued that the chemical composition and nutritional value of forage varied depending on
botanical composition, planting phase, fertilization and growth conditions. As the water content and the crude
protein decreased, vegetation, and crude fiber increased. The protein content was affected for the most part by soil
type, and the amount and type of mineral fertilizer are applied. Crude fibers content was directly related to the
amount of temperature and quantity of rainfall. Where grassland grew. The crude fiber content tended to increase
with the increase of water supply to the grass plot. This explains why the crude fibers content in the first year was
lower than in the following year.

Conclusion:-

In the second year, there was an improvement in the soil fertility with the increasing soil N, whereas pH, Bulk
density, C organic had no effect in the two year trial. In the second year there was usually improvement of the
growth and yield of the elephant grass. The chemical component of the elephant grass in the second year also
experienced improvement of the DM and crude fiber content, while the PK showed no difference. The time short
cutting intervals (4 weeks) provided better nutritional quality as reflected by increase of CP levels and the decrease
of CF, with steady DM. Forage production was also better at the shorter cuts. Thus, the research recommended that
theshorter time cut intervals of 4 weeks be better than that of 6 weeks.
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