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Abstract – Indigofera zollingeriana has a huge potential as an alternative livestock feed and this plant is able
to grow under low-intensity light conditions. The purpose of this study was to determine the relationship
between the growth potential and nutritional content of the plant I. zollingeriana planted in palm plantation
stacking rows (5 years old).This study was designed using a randomized groups design. The treatments
consisted of two factors: the Indigofera treated with oil palm empty fruit bunches (EFB) (I+T) and Indigofera
without EFB (I). The treatments were repeated in triplicate and six experiment units. The variables observed
were the morphology (plant height, number of branches, and trunk diameter), production (fresh and dried
biomass per plant), and nutritional content (crude protein, crude fat, crude fiber, and gross energy). The
results of the study revealed that oil palm empty fruit bunches had a significant effect on the plant height
(cm), trunk diameter (cm), and number of branches at I+T (303.7±24.5 cm/plant), I+T (5.38.±0.06 cm/plant),
I+T (73.6±11.3 branches/plant), respectively. The content percentage for crude protein, crude fiber, and crude
fat in plants treated with oil palm empty fruit bunches were, respectively, 11.07 %, 2.12%, and 9.97%.  It can
be concluded that all the growth variables, namely height, diameter, and the number of branches varied.
Plant height, number of branches, and the trunk diameter were influenced by the EFB treatment and oil
palm canopy shade. I.zollingeriana can be cultivated under oil palm stand with the oil palm empty fruit
bunch treatment and would grow to be more productive and have a high nutritional content.

INTRODUCTION

Development of non-fodder foragegrass one of the
efforts improve the quality of animal feed in the
tropis area like Indonesia. This condition is very
necessary, because of the supply of nutrients needed
by livestock from grass is very limited and is
strongly influenced by environmental conditions as;
season, weather, radiation intensity, and ainfall. Part
of it big livestock productivity in Indonesia will
decrease when supply and quality of grass limited
especially during the dry season. This is getting
worse due to= Nutrient content, especially protein
in natural grass is very limited compared other
plants his. Development of high nutritional forages

such as Indigofera zollingeriana expected to be able
to meet the nutritional needs of livestock even
though dry season.

Globally, livestock derive fodder from two-thirds
(4.9 Bha) of all agricultural areas, comprising 3.4 Bha
of grazing land and one-quarter of the area sown to
crops (Foley et al., 2011). The world has 17 billion
livestock (mainly cattle including buffaloes, sheep,
goats, pigs and chickens, but also including lesser-
known species such as guinea fowl, yaks and
camels, which are important in some areas).
Livestock, especially ruminants, have the ability to
convert low-quality biomass into high-quality
nutrient-dense foods (Smith, et al., 2013a), In oil
palm plantations there is space that has not been
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well-utilized, the stacking rows. Five-year-old oil
palms have fairly wide canopies which cause the
shade level and soil moisture level to be quite high.
Therefore, livestock fodder plants such as indigofera
are a good choice for cultivation. Hassen et al. (2007)
reported that indigofera is classified as a plant
which can tolerate shade and has a high nutritional
content. In addition, the ecological distribution of
indigofera is quite wide. The study by Hassen, et al.
(2008) revealed that indigofera grows well under
full light conditions, but is tolerant to shade,
drought, pooled water, acidic soil, and salinity.

This study specifically used Indigofera
zollingeriana which is a species of indigofera. The
superiority of the species I. zollingeriana is its high
nutritional content. That  indigofera is a type of
legume that contains crude protein and energy is
high enough and commonly used to feed ruminants
especially goats, sheep and cattle (Tarigan and
Ginting, 2011). Even though its nutritional content
as livestock feed raw material is high, farmers have
rarely utilized this plant. Abdullah and Suharlina
(2010) believed that this phenomenon is due to the
lack of materials and the fact that it is not yet
produced on a wide scale.

The greatest amount of waste produced by oil
palms is in the form of oil palm empty fruit bunches
which contributes between 30-35% of the weight of
fresh fruit bunches in every harvest. Oil palm empty
fruit bunches can be used as an alternative organic
fertilizer. Utilizing them as a fertilizer could be a
solution for improving a more sustainable oil palm
industry management (Yahya et al., 2010; Yoshizaki
et al., 2013). The utilization of oil palm empty fruit
bunches as a soil improver and a source of soil
nutrients could be done by direct application as
mulch or by composting. Tao, et al., 2018  revealed
that EFB application has a high potential to enhance
soil biota and functions in oil palm plantations. The
purpose of this study was to determine the
relationship between the growth potential and the
nutritional content of the plant I. zollingeriana
planted in oil palm plantation stacking rows (5 years
old).

MATERIALS AND METHODS

Time and Location

This study was conducted between January 2017
and May 2017 at the IPB-Cargill Oil Palm Education
and Research Plantation, Jonggol Sub-district, Bogor
Regency, West Java.

Experimental Design

The land used was the stacking rows beneath oil
palm stands sized 45 m x 8 m. The experimental
plots were made by first clearing out the weeds,
other vegetation, and trash from around the area. Oil
palm empty fruit bunches as the treatment were
applied directly to the land at a dose of 30 t ha-1

(1300 kg/study plot) by arranging them evenly in the
designated stacking row experimental plots.
Planting holes sized 20 cm x cm x 25 cm (length x
width x height) were made. Manure (sheep dung) as
a base fertilizer was applied at a dose of 2 kg per
planting hole a week prior to planting. The
seedlings planted were aged 5 months post-sowing.

There were two treatments: indigofera planted
with the application of oil palm empty fruit bunches
(I+T) andindigofera planted without the application
of oil palm empty fruit bunches (I). Each treatment
was repeated in triplicate, resulting in 6 units of
experimental plots which had 9 samples collected
per experimental plot. The planting distance was 1
m x 1.5 m with a plant population of 300 plants per
experimental plot.

Parameter measured

Plant height, number of branch and stem diameter.
The height of the plants was measured from the base
of the trunk to the tip of the canopy using a
measuring stick, the diameter of the trunk was
measured using a Vernier caliper by clamping the
trunk 10 cm from the base. The diameter
measurements were taken 10 cm above the soil
surface by clamping the plant trunk using a Vernier
caliper. The jaw of the caliper was then pushed until
it no longer moved and the diameter shown on the
caliper’s display screen was recorded. The trunks
that have been measured were then marked with
paint for the next measurement. The number of
branches was counted manually and each marked
afterward so that it would not be counted again
during the next observation.

The indigofera seedlings were planted 5 months
after being sown (Figure 1). This was done so that
the seedlings would not experience stress in their
growing environment due to the transplant. The
plants were cared for and observed throughout the
duration of the study (Figure 2). After the plants
reached 6 months of age, the canopies were trimmed
to collect wet weight, dry weight, and nutritional
content samples.

Wet weight and dry weight. Thewet and dry
weights of the canopy were measured by trimming
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three sample trees. The leaves were dried in an oven
at a temperature of 60oC for 48 four h (Solati et al.,
2016). The three plant samples were then combined
and weighed using a Mettler digital balance with a

3000 g capacity as the canopy dry weight.

Nutritional content : Harvesting was done by
cutting off the plant canopy and separating the
leaves and branches to be oven dried at 65oC for 72
hours for the proximate analysis. The samples were
ground using a Hummer mill with a 1.0 mm mesh
sieve. The moisture, ash, crude fiber, and fat were
determined using the standard method of Analytical
Chemical Association (AOAC, 2005).

Statistical analysis

The data obtained were analyzed using the Analysis
of Variance according to Steel and Torrie (1993). The
analysis used the Minitab (version 18) statistical
package. If the results were significantly different, it
was followed up using a t-test at α = 5%.

RESULTS AND DISCUSSIONS

Indigofera zollingeriana Growth

Based on the 5% level t-test, it the height variable for
the plant I. zollingeriana planted in 5-year-old oil
palm stacking rows treated with oil palm empty
fruit bunches was significantly higher statistically
than that of the plants not treated with oil palm
empty fruit bunches. The trunk diameter variable
demonstrated a larger diameter for I. zollingeriana
plants planted in stacking rows treated with oil
palm empty fruit bunches than plant not treated
with oil palm empty fruit bunches. Similar results
were demonstrated by the branch number variable.
There were more branches on plants treated with oil
palm empty fruit bunches. The average
morphological data (plant height, trunk diameter,
and the number of branches) for I. zollingeriana for
each of the treatments are presented in Table 1.

The results of the study conducted demonstrated
that all the Indigofera zollingeriana growth parameters
were higher in the plants treated with EFB

Table 1. Efect of treatment of empty fruit bunches or morphologcal variables of plant I. zollingeriana in February 2017–
Mey 2017.

Month Plant height (cm) Stem diameter (cm) Number of bunches (fruit)

I + T I I + T I I + T I

Feb. 66.48±9.29 147.6±18.20 2.29±0.07 2.28±0.06 29.81±2.76 28.22±1.25
March 205.33±7.21 193.19±9.57 4.04±0.89 2.83±0.13 31.78  ±4.48 27.96± 6.61
April 250.4±16.20 234.15±9.92 4.31±0.03 3.25±0.04 37.70± 6.54 27.15±3.09
May 303.7±24.50 280.3±20.40 5.38±0.06 4.27±0.05 73.6±11.30 45.81±7.76

Notasi Februaryns      Februaryns March* February – Marchns

March – May*  April – May** April – Meay**

Description:  I + T = Indigo + EFB, I = Indigo,ns = not significantly (á 0.05)* = significantly based on t-test at level  á = 5%.

Fig. 1. Indigofera seedlings aged 5 months

Fig. 2. Indigofera forage after 6 months planting
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compared to those in plants not treated with EFB.
The plant height parameter showed that the plants
reached a height of 303.7 cm in 5 months, or grew
60.74 cm/month. A study of 5 types of legumes
conducted by Dhaulakhandi et al., 1995 discovered
that Cicer arietinum, Pisum sativum, Vigna sinensis,
Phaseolus aureus, and Dolichos lablab had lower height
increases, 39.36 cm, 14.8 cm, 21.44 cm, 11.2 cm, and
7.6 cm/month, respectively.

The study results demonstrated that the growth
was higher than that of other legumes. The largest
trunk diameter in this study in 5 months was 5.38
cm or 1.08 cm/month growth. The observation
results demonstrated that plants under the canopy
had longer trunks, wider and thinner leaves, and a
lower leaf weight. The effect of space between I.
zollingeriana plants is presented in Table 1. The
results revealed that there was no significant
difference in plant height between planting
distances at the initial measurement (the first
month). The difference in plant height was observed
between row distances in the second to the fifth-
month measurements. The results if this study
demonstrated greater plant heights I+T (303.7±24.5
cm) and I (280.3 ± 20.4 cm) compared to the study
conducted by Kumalasari et al., (2017) who reported
a height of 177.15 cm.

The effect of the distance between the plant
canopies on the number of branches per I.
zollingeriana plantis presented in Table 1. A
significant difference (P <0.05) between the number
of branches per plant was detected between the row
distances in the measurements fifth and sixth-month
measurements. The highest numbers of branches per
plant were recorded in I+T 73.6±11.3 and I
(45.81±7.76). This result differed from Kumalasari et
al., (2017) who reported a greater number of
branches. This indicated that the number of I.
zollingeriana leafy branches is influenced by the
width of the oil palm canopy, thus resulting in a
lower number of branches.

All of the growth parameters, plant height, trunk
diameter, and the number of branches varied. This
demonstrates that the plants were influenced by the
light that penetrated the oil palm stands. Das,et al.,
(2008) wrote that the light intensity in plantations
influenced the amount of light received by the
vegetation growing beneath the canopy, making it a
limiting factor.

Indigofera zollingeriana Production

The analysis results revealed that treatment using oil

palm empty fruit bunches had a significant effect on
the wet and dry weight of I. zollingeriana compared
to the wet and dry weight of I. zollingeriana without
the oil palm empty fruit bunch treatment. However,
the t-test of the two treatments was not significantly
different. The data for average dry and wet weight
of I. zollingeriana production are presented in Figure
3.

Fig. 3 and 4. Wet and dry weight  I. zollingerina plant
canopy at harvesting of the IPB-Cargil Jonggol
West Java oil palm education and research garden.

Fig. 3. Wetweight

Fig. 4. Dry weight

Production of dry materials, including leaves and
branches which can be consumed by livestock, can
be seen in Table 2. In proportion to the increase in
the plant height and trunk diameter, the EFB
treatment had a significant effect (P< 0.05) on the dry
weight of the plant parts that could be consumed.
The planting distance on the land used causes
competition for nutrient and light utilization.  The
intensity of light penetrating the oil palm canopy
became lower, affecting the production of dry
material by plants growing beneath it.
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Low production in densely grown plants could
be due to the shade which reduced the leaf ratio.
Dý’az-Pe’rez, (2013) reported that the dry weight of
the canopy differed at different shade levels. That
was also because the canopy of I. zollingeriana
growing beneath the oil palm canopy changed
morphologically, the leaves becoming smaller in size
and lighter in weight. This study reported that
plants growing under a canopy would demonstrate
adaptive responses. Shehu et al., (2011) declared that
the leaf ratio is very important because leaves are a
part of the metabolic organ and affect the quality of
legumes; a greater the number of leaves means a
better quality legume. In an optimum condition, a
higher plant density would increase the plant’s wet
and dry material productivity (Slanev and Enchev,
2014). Kumalasari et al., (2017) reported that the I.
zollingeriana planted at a distance of 1 m x 0.5 m
produced 3.58 kg.

The nutritional content of Indigofera zollingeriana

Based on the nutritional content analysis, it was
revealed that nutritional content (crude protein,
crude fat, crude fiber, and gross energy) of the I.
zollingeriana plants planted in oil palm plantation
stacking rows with the oil palm empty fruit bunch
treatment was higher than that of plants not treated
with oil palm empty fruit bunches. The data for the
average nutritional content (protein, crude fat, crude
fiber, and gross energy) can be seen in Table 2.

The study results revealed that the highest
content was protein at 11.07±0.39% in plants treated
with EFB and 10.44±0.31% in plants not treated with
EFB. This protein content was higher than the results
of the study by Gafar et al., (2011) who reported
yang that the nutritional content of Indigofera
astragalina included fat (5.0 ± 0.5%), crude fiber (2.67
± 0.29% DW), and crude protein (8.23 ± 0.11% DW).
The higher protein content was because the study

location was on a shaded oil palm plantation.
The average crude fiber content was 9.97%.

According to the study by Hassen et al., (2006)
which was conducted on open land, the crude fiber
content of I. zollingeriana ranged between 22 and
29%. The results of the variance analysis revealed
that the oil palm empty fruit bunch treatment had a
very significant effect on the crude fiber content of I.
zollingeriana.

  Dewhurst et al., (2009) found that the increase in
gross energy of fodder was always proportionate to
the increase in the crude fiber of the plant dry
material. In general, livestock fodder content
depends on the plant species, environmental
condition and growth (soil, climate), plant fraction,
and maturity level during sampling. With fairly
high protein content, relatively low fiber content,
and high digestibility, indigofera has potential as a
source of feed and as a protein-supplement feed
source (Hassen et al., 2007).

Environmental condition

The study results revealed that the organic-C and K
contents were higher in the experiment plots treated
with EFB compared to the plots not treated with
EFB, whereas the N and P contents were lower
(Table 3).

Table 2. Protein content, crude fat, crude fiber and gross
energy due to the influence of the treatment of
oil palm empty furit in I. zollingeriana.

Proximate Treatment

I + T I

Crude protein (%) 11.07±0.39a 10.44±0.31b

Crude fat (%) 2.12±0.55a 1.65±0.06a

Crude fiber (%) 9.97±1.27a 8.59±0.55a

Gross energy (kkal/g) 4393.3±43.09a 4326.66±15.30b

Description:  I + T = Indigo + EFB, I = Indigo,ns = not
significantly (α 0.05)* = significantly based on t-test at
level α = 5%.

Table 3. Nutrient analysis in the Jonggol-IPB Bogor West
Java oil palm education and research field.

Treatment Variable

C-Organik N-Total P K
(%)  (%) (ppm) (ppm)

Indigo + EFB 3.38 0.29 6.95 115.93
Indigo 2.84 0.25 6.22 80.44

The EFB treatment was expected to improve the
growing environment because EFB contains various
nutritional elements.

Research by Singh et al., (1989) revealed that the
percentage of EFB to FFB is around 20% and every
ton of empty fruit bunches contains nutrients N, P, K
and Mg, which is equivalent to 3 Kg of Urea; 0.6 Kg
CIRP; 12 Kg MOP; and 2 Kg Kieserit also reported
by Baharudin et al., 2010 that 42% C contained EFB,
0.8% 0.06% of N, P, K and 0.2% 2.4% Mg.

This finding was supported by Yahya et al., (2010)
revealed that EFB was also found to hold its water
more strongly. Due to these nutrients, oil palm
empty fruit bunch do not only have not potential as
a source of organic materials but can also be used as
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a soil improver. The high phosphorous content
means that it is highly suitable for legumes.
Phosphorous plays a role in improving root
development and is a source of energy through ATP
formation (Shaheen et al., 2007). Legumes require a
large amount of phosphorous for nodulation and
nitrogen fixation.

Corley and Thinker, (2003)  stated that the
application of EFB could increase the soil pH and
cation exchange capacity. Siddiqueea et al., 2017
reported the highest nitrogen (N), phosphorous (P),
and potassium (K) ratio was found to be 0.46: 0.83:
5.85. The soil condition in this study had some
similarities with that in the study conducted by
Hamdan et al., 2006 who stated that the soil
condition before treatment with EFB had low soil
quality content, C = 0.43%, N = 0.05%, K = 0.23% and
P= 12.77 mg kg-1.

The Relationship between Environmental
Conditions and Indigofera

EFB utilized as mulch on plantations can be used to
control weeds, maintain humidity, and prevent soil
erosion (Alam et al., 2009; Misson et al., 2009).  EFB
can also be used as a soil improver to increase input
production in the oil palm cultivation system.
Indigofera needs a number of nutrients during its
growth and development period growth and these
can be fulfilled by the nutrients contained by EFB.
Therefore, fertilizing can support plant nutrient
availability and balance (Sudradjat et al., 2014). The
fulfillment of nutrients needed by indigofera plants
would improve the nutritional content of this fodder
(Vendramini et al., 2007).

CONCLUSION

Based on thestudy that had been conducted, it can
be concluded that all the growth variables which
were height, diameter, and the number of branches,
varied. Plant height, number of branches, and trunk
diameter were influenced by the EFB treatment and
oil palm canopy shade. I. zollingeriana can be
cultivated under oil palm stands with oil palm
empty fruit bunch treatment and it grows more
productively and has a high nutritional content.
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