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Abstract
The slope of land in oil palm plantation areas is the
one of the primary causes of low soil water content
due to low rates of soil inﬁltration. Biomulch is one of
the conservation methods that can be used to cover
and shield the soil from weeds, prevent soil erosion,
and increase the rate of soil inﬁltration. Arachis pintoi
is a perennial, stoloniferous legume crop that has
potentials to be used as biomulch. The objective of
the research was to study the role of Arachis pintoi in
increasing the rate of soil inﬁltration on a sloping land
of oil palm plantation. The research was conducted on
the slope land (22.8%) of the Bukit Kemuning Farmer
Group, Mersam, Batanghari, Jambi, Indonesia
(01036’21”, 102057’11”) from September 2017 to
March 2018. The environmental design used in this
study was a one-factor randomized block design
(RBD) with ﬁve ground cover treatments, i.e. natural
vegetation, Arachis pintoi, Centrosema pubescens,
Pueraria javanica and Calopogonium mucunoides.
The results showed that the average growth rate of
A. pintoi was 2.47 cm per week, which was lower than
the growth of other treatments. The root length of A.
pintoi was 50.36 cm at 20 weeks after planting. A.
pintoi can be used as biomulch; sloping land planted
with A. pintoi had an inﬁltration rate of 49.30 cm
per hour at 20 week after planting, i.e. an increase
of 32.47% compared to the inﬁltration rate with the
natural vegetation.
Keywords: cover crop, Centrosema pubescens,
Pueraria javanica, Calopogonium
mucunoides

Introduction
Oil palm (Elaeis guineensis Jacq) plantation
continues to expand in Indonesia. The productive
land area covered by oil palm plantations in Indonesia
in 2015 was 11,300,370 ha (BPS, 2016). Oil palm in

Indonesia is generally cultivated on marginal lands
such as dry and hilly land (Farni et al., 2012), which
may aﬀect the availability of water in the soil caused
by low inﬁltration and high erosion on the soil surface.
Therefore, to prevent land degradation, conservation
system such as the use of cover crops or biomulch
should be implemented (Ministry of Agriculture, 2015).
Biomulch includes living plants that are planted as
ground cover (Silmi and Chozin, 2014). The use of
biomulch has many advantages for marginal land,
including improving soil fertility, inhibiting weed
growth, reducing erosion rates and increasing soil
inﬁltration (Reﬂianty et al., 2009; Kumar et al., 2010).
In addition, the beneﬁts of biomulch can increase soil
porosity and soil absorption (Arsyad, 2006). Utaya and
Sugeng (2008) stated that diﬀerences in inﬁltration
rates in various land uses indicate that vegetation
have a large role in determining soil inﬁltration. It
is hypothesized that the inﬁltration capacity of soils
under cover crop vegetation could be higher than that
of bare soil.
Arachis pintoi is a herbaceous, perennial legume
species that can be used as biomulch because it
can cover the soil surface for erosion control (Silmi
and Chozin, 2014; Carvalho et. al., 2009). A. pintoi
growth does not interfere with the growth of the
main crop and can potentially increase soil moisture
content (Yuniarti, 2016; Yuniarti et al., 2018). A study
by Mudarisna and Pujiono (2015) showed that the
biomass of A. pintoi increased soil porosity and
permeability, and improved soil aggregate. There
has been limited information about the beneﬁts of A.
pintoi on soil physical improvement of the oil palm
plantation.
C. pubescens, P. javanica and C. mucunoides are
leguminous species that have been widely grown as
cover crops. C. pubescens is resistant to drought and
shade, so it is widely used to suppress the growth
of weeds such Imperata cylindrica (Sutedi, 2015). P.
javanica is a broadleaf leguminous creeper that has
roots in each node and can cover the soil surface

The Role of Biomulch Arachis pintoi In Increasing Soil Inﬁltration Rate on Sloping ..........

89

Journal of Tropical Crop Science Vol. 5 No. 3, October 2018
www.j-tropical-crops.com

quickly; it is a very popular cover crop for plantations
worldwide (Arsyad, 2012). C. mucunoides is a
vigorous, annual trailing legume; it can reach several
meters in length and form dense foliage with shallow
root system. Leaf and stem of C. mucunoides have
ﬁne hairs. C. mucunoides is used as a pioneer in
rehabilitating degraded land due to erosion but is not
resistant to shade (Purwanto, 2007). The purpose of
this study was to determine the potential uses of A.
pintoi to increase soil inﬁltration on sloping oil palm
lands, and to compare advantages of growing A. pintoi
as biomulch on oil palm plantations was compared
to those of the natural vegetation, conventional
biomulch Centrosema pubescens, Pueraria javanica
and Calopogonium mucunoides.

Materials and Methods
The study was conducted at the Bukit Kemuning
Farmer Group’s land, Mersam District, Batanghari
Regency, in the Jambi Province (01036’21”, 102057’11”)
with slope topography of 20.8%. This research was
carried out from September 2017 to March 2018. The
materials used were stem cuttings of Arachis pintoi,
seeds of Centrosema pubescens, Calopogonium
mucunoides and Pueraria javanica. Two-year-old oil
palm “Sriwijaya” variety was planted with a spacing
of 9 m x 9 m. The equipment used included analytic
scales, ovens, double ring inﬁltrometer, clinometer
and ombrometer. The environmental design used
in this study was a one-factor randomized complete
block design (RCBD) with ﬁve treatments. The
treatments consisted of natural vegetation cover
crops C. pubescens, C. mucunoides and P. javanica,
and A. pintoi on 9m x 3m plots, and replicated four
times. The total plots of 20 were made in the middle
of oil palm plantation. Biomulch was planted one day
after the rain; the biomulch seeds and cuttings of A.
pintoi were planted at a depth of 5 cm. Cutting of A.
pintoi consists of one internode with a pair of mature
leaves; it was expected that these cuttings rooted at
about the same time with germination of the other
biomulches. Biomulch crops were planted with a
spacing of 40 cm x 40 cm. The total number of seeds
used in each biomulch treatment was 675 seeds.
Measurements were made on tendrils and root length,
soil inﬁltration rate and soil inﬁltration capacity from 4
to 20 weeks after planting (WAP) of the four cover
crops. Inﬁltration rate is calculated by the formula
used by Budiarto et al. (2004):

where
F : inﬁltration rate (cm per hour)
90

ΔH: High decrease of water in a certain time interval
(cm)
t : Time needed by water at ΔH to enter the ground
(hour)
Inﬁltration capacity is calculated by the formula
(Horton, 1939):
f = fc + (f0 - fc) e-kt
where
F : inﬁltration capacity at time t (cm/hour)
fc : rate of inﬁltration at a constant time (cm/hour)
f0 : initial inﬁltration rate (cm/hour)
e : 2.718
t : Time needed by water at fc to enter the ground
(hour)
K : constant for certain types of soil and soil cover
Horton inﬁltration parameters are used in the
calculation of Horton’s inﬁltration, to obtain the value
of k, a decrease in Horton’s inﬁltration formula (Beven,
2004; Dagadu, 2012):
f = fc + (fo - fc) e-kt
f - fc = (fo - fc) e -kt
the right and left sides are
logged in (f -fc) = log (fo-fc) - kt log e
log (f –Fc) - log (fo-fc) = - kt log e

it is changed in the linear regression equation
y = mx+c
y=t

x = log (fo-fc)
k value can be obtained from the equation m

Results and Discussion
Tendril Length of A. pintoi
Tendril is a stem that grows on the buds of plants and
propagates on the soil surface. Based on our results,
there was a signiﬁcant diﬀerence in the eﬀect of the
biomulch on the tendril length starting 4 WAP. The
data showed longer growth of tendrils in C. pubescens
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compared to A. pintoi, P. javanica and C. mucunoides
at 8 to 20 WAP (Table 1).

in this study was similar to the results of Dianita and
Abdulah (2011) where the average growth rate of
tendrils in A. pintoi was 1.60 cm per week. Yuniarti
(2016) demonstrated that the average number of
tendrils and branch numbers of A. pintoi was more
than C. pubescens, P. javanica and C. mucunoides.

Table 1 show that the average growth rate of tendrils
of C. pubescens of 8.62 cm per week was higher than
the average vine length of A. pintoi, P. javanica and C.
mucunoides with a length of 2.47, 6.10 and 5.73 cm
per week, respectively. The diﬀerence in the length of
tendrils was possibly caused by the type of biomulch
and the biomulch responses to the environment where
they are grown. C. pubescens leaves and girth are
relatively small, resulting in a dominant tendril growth
while P. javanica and C. mucunoidez have large girth
with broad leaf and long tendrils, resulting in slightly
slower growth. In addition, the growing environment
is also very inﬂuential on the growth of various types
of biomulch. Indiana and Setiadi (2011) reported
that the percentage of survival of C. mucunoides
was 27.5% in straw husk media, which was higher
than those of C. pubescens and P. javanica, i.e 20%
and 14%, respectively. In other media such the leaf
compost media, the percentage of C. mucunoides
survival was 14% lower than C. pubescens and P.
javanica, i.e. 18.33% and 20%, respectively.

Root Length
Roots of biomulch have important roles in the
conservation of plantation land; they improve soil
structure and increase soil pores through root
penetration to the soil. In addition roots hold the soil in
position and prevent it from being washed away. In
our study the growth of P. javanica roots signiﬁcantly
faster (4.52 cm per week) compared to those of the
other biomulches from 4 to 20 WAP (< 3 cm per week;
Table 2).
The longest root of P. javanica was 15.90 cm at
20 week, which was longer than the root length of
A. pintoi, C. pubescens and C. mucunoides, i.e.
50.36, 59.93 and 60.06 cm at 20 week, respectively.
(Table 2). This rapid root growth in P. javanica was
possibly related to the ability of P. javanica to absorb
nitrogen better than other biomulches. As shown by
Darmawati et al. (2015) that P. javanica biomulch
is very responsive to nitrogen applications, and the
nitrogen content in the tissues of P. javanica was
higher than C. pubescens and C. mucunoides.

The results showed that the growth rate of tendrils A.
pintoi was lower than other biomulch species (Table
1). The slow growth of tendrils in A. pintoi was possibly
caused by the excessive number of branches and the
number of leaves which tend to reduce the growth
of the tendrils. The average vine length of A. pintoi

Table 1. Tendril growth of diﬀerent biomulch in oil palm plantation
Tendril length (cm)
Treatment

Average growth per
week (cm)

Week after planting
4

8

12

16

20

A. pintoi

11.12a*

25.11a

34.02a

43.32a

49.57a

C. pubescens

15.82b

62.07c

104.67c

125.92c

172.55c

8.62c

P. javanica

11.62a

39.52b

66.1b

81.37b

122.05b

6.10b

C. mucunoides

10.75a

39.05b

63.07b

79.15b

114.75b

5.73b

2.47 a

Note: *Values followed by the same letters within the same column show no signiﬁcant diﬀerences according to the Duncan
multiple range tests (DMRT) at α = 5%.

Table 2. Root length of diﬀerent biomulch in the oil palm plantation
Root length (cm)
Treatment

Week after planting

Average growth
per week (cm)

4

8

12

16

20

A. pintoi

12.83a*

24.63 a

31.21a

39.61 a

50.36a

2.81a

C. pubescens

18.93b

39.92c

47.92a

59.93a

2.99a

P. javanica

20.71b

28.86 b

40.53c

68.86b

90.46b

4.52b

C. mucunoides

20.06b

26.63ab

34.13b

45.36a

60.06b

3.01a

25.96ab

*Values followed by the same letters in the same column show no signiﬁcant diﬀerences according to the Duncan multiple
range tests (DMRT) at α = 5%.
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The results also showed that the root growth of A.
pintoi was slower relative to other biomulch at 20 WAP.
This may be due to in the diﬀerences in the planting
materials used in the study. The A. pintoi were grown
from stem cuttings and had ﬁbrous roots, so that the
number of roots is more dominant than the root length
growth. The use of stem cuttings as planting material
in A. pintoi is due to the fact it produces very few
seeds, even though it produces abundant blooms;
only 4 to 8% ﬂowers developed seeds (Adjolohoun
et al., 2013). Planting material from stem cuttings
will predominantly produce numerous shorter roots
rather than long roots. A study by Sumiahadi et al.
(2016) showed that the average number and length
of roots in A. pintoi were 42.4 and 17.1 cm at 12 WAP.
Soil Infiltration
The results showed that the biomulch treatments
aﬀected the actual inﬁltration rate at 20 WAP (Figure
1). Inﬁltration is the process of absorbing water
into the soil vertically through the soil surface and
thoroughly passing through the soil pores. Inﬁltration
rate is the speed of water entering the soil for a
certain time, while inﬁltration capacity is the minimum
rate of movement of water into the soil in saturated
conditions (Hanks and Ashcroft, 1986).
The actual inﬁltration rate curve in Figure 1 describes
the rate of inﬁltration of each biomulch species.
Inﬁltration rate is calculated by the formula used
by Budiarto et al. (2004). The inﬁltration rate of soil
covered with P. javanica was 58.75 cm per hour,
which is faster than the inﬁltration rate in the treatment
of natural vegetation, A. pintoi, C. pubescens and C.
mucunoides of 33.29, 49.30, 51.52 and 44.87 cm
per hour, respectively. The high rate of soil inﬁltration
in P. javanica may be related to the faster growth of
root P. javanica as compared with other biomulch,
thus may increase the number of soil pores (Table
2). Soils covered with P. javanica could increase
ultisol pores by 27.47% compared to the natural
vegetation treatment, and the number of soil pores in

P. javanica roots was higher than C. pubescens which
was 15.39% and C. mucunoides by 17.81% (Reﬂiaty
et al, 2009). Figure 1 also shows soil inﬁltration rate
of A. pintoi which is higher than natural vegetation
treatment. The ability of A. pintoi to increase soil
inﬁltration rate may be caused by the long roots of
A. pintoi. Sumiahadi et al. (2016) reported that A.
pintoi has an average number of roots of 42.4 with
an average root length of 17.10 cm at 12 WAP; it
also formed numerous roots in each node on each of
the tendrils. The high inﬁltration rates of the diﬀerent
biomulch are evidence that biomulch can increase
the rate of soil inﬁltration compared to the natural
vegetation. Gao-Lin et al. (2016) investigated the
eﬀects of diﬀerent artiﬁcial grasslands on soil physical
properties and soil inﬁltration capacity, and reported
that mixtures of Legume (Astragalus adsurgens
and Artemisia desertorum) and Poaceae (Bromus
inermis) to create grasslands provided an eﬀective
ecological restoration approach to increase soil
inﬁltration properties by 72.38% due to their greater
root biomasses. In addition to soil inﬁltration rate, the
soil inﬁltration capacity needs to be determined. Soil
inﬁltration capacity is a soil hydrological parameter
that can be used as an indicator of soil degradation
and the drought potential of the soil (David et al.,
2015).
Table 3 shows that the soil inﬁltration capacity of
each biomulch treatment consistently increased from
4 to 20 WAP. P. javanica had a signiﬁcantly higher
soil inﬁltration capacity compared to other biomulch
at 20 WAP. The increase in soil inﬁltration capacity
by P. javanica may be caused by a faster root length
in this crop compared to the other biomulch (Table
2). Roots can improve soil structure and increase soil
pores which in turn increased the soil ﬁeld capacity. In
Reﬂiaty et al. (2009) study P. javanica increased the
ﬁeld capacity of ultisol by 48.26% compared to that
of the natural vegetation treatment, and that the ﬁeld
capacity of P. javanica was higher than C. pubescens
(28.68%) and C. mucunoides (30.73%).

Table 3. Soil inﬁltration capacity as aﬀected by biomulch treatment in oil palm plantation
Inﬁltration capacity (cm per hour)
Treatment

Weeks after planting
4

8

Natural vegetation

12.34

13.10

A. pintoi

12.68

C. pubescens
P. javanica
C. mucunoides

12

16

20

13.51ab*

13.89a

14.66a

13.51

14.09b

14.31ab

14.95a

12.80

13.69

13.82ab

13.89a

14.45a

12.88

13.52

14.11ab

14.73b

16.56b

12.44

12.62

13.27a

14.04ab

14.87a

*Values followed by the same letters within the same column show no signiﬁcant diﬀerences according to the Duncan
multiple range tests (DMRT) at α = 5%.
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Figure 1. Soil inﬁltration rate as aﬀected by bio mulch treatment at 20 week after planting
The results of this study showed that the soil inﬁltration
capacity of soil with A. pintoi, C. pubescens and C.
mucunoides were not signiﬁcantly diﬀerent from that
of the natural vegetation treatment (Table 3). Although
it was not signiﬁcantly diﬀerent, biomulch treatment
signiﬁcantly increased soil inﬁltration capacity from
4 to 20 WAP. The role of biomass is very important

to protect the soil surface from direct collision with
raindrops and to improve soil structure. Inﬁltration
capacity can be maintained if soil porosity is not
disturbed during rain (Arsyad, 2012). Closed soil
pores reduce soil inﬁltration capacity, whereas soil
with stable aggregates will maintain high inﬁltration
capacity. The value of inﬁltration capacity of 12.5 to
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25 cm per hour is considered rapid according to Lee
(1980).
The results of this study demonstrated that A.
pintoi can potentially be used as biomulch in oil
palm plantations. A. pintoi can increase the rate of
soil inﬁltration so it can reduce the run oﬀ and soil
erosion rates, as demonstrated in Table 3. Erosion
is the main cause of land degradation which can
reduce soil fertility, especially on sloping land. The
ability of A. pintoi in suppressing the rate of erosion
and increasing the rate of soil inﬁltration will optimize
nutrient absorption in sloping lands, hence preventing
land degradation and creating a more eco-friendly oil
palm plantation system.

Conclusion
The growth rate of tendrils of A. pintoi (2.47 cm per
week) was slower than the growth of other biomulch
treatments. The root length of A. pintoi (50.36 cm at
20 weeks after planting) was shorter than P. javanica
but it was not signiﬁcantly diﬀerent from C. pubescens
and C. mucunoides. Soil inﬁltration rate with A. pintoi
as biomulch was 49.30 cm per hour at 20 weeks after
planting, or an increase in soil inﬁltration rate of by
32.47% compared to that of the natural vegetation.
The soil inﬁltration capacity with A. pintoi (14.95 cm
per hour at 20 WAP) was lower than P. javanica, but it
was not signiﬁcantly diﬀerent from C. pubescens and
C. mucunoides. The result of this study demonstrated
that A. pintoi can increase the rate of soil inﬁltration in
sloping land so it can be used as an bio mulch for oil
palm plantation.

References
Adjolohoun, S., Bindelle, J., Adandedjan, C., Toleba,
S.S., Houinato, M., and Sinsin, B. (2013).
Growth and forage production of four Arachis
pintoi (Karpovickas & Gregory) genotypes in
two contrasting ecological regions of Benin,
West Africa. International Journal of Intelligence
Research 2,170-177.
Arsyad, S. (2006). “Konservasi Tanah dan Air”. IPB
Press. Bogor.
Arsyad, S. (2012). “Konservasi Tanah dan Air 2nd Ed.
IPB Press. Bogor.
BPS. (2016). “Statistik Indonesia 2016”. 49 pp. Badan
Pusat Statistik. Jakarta.

94

Beven, K. (2004). Robert E. Horton’s Perceptual
Model of Inﬁltration Processes. Hydrological
Process 18, 3447-3460.
Budiarto, P.T.H., Wirosoedarmo, R., Suharto, B.
(2014). Diﬀerence in inﬁltration rates in industrial
forest land (pine, teak and mahogani). Journal
of Natural and Environmental Resources 1, 1524.
Carvalho, M.A., Pizzaro Juncal, E.A., and Valls,
J.F.M. (2009). Flowering dynamics and seed
production of Arachis pintoi and Arachis repens
in the Brazilian Cerrados. Tropical Grasslands
43, 139–150.
Dagadu, Jagdale, S., Nimbalkar, T.P. (2012).
Inﬁltration studies of diﬀerent soils under
diﬀerent soil conditions and comparison of
inﬁltration models with ﬁeld data. International
Journal of Advanced Engineering Technology.
3, 154-157.
Darmawati, A., Anwar, S., and Hermanan, I. (2015).
Quality and eﬃciency of nitrogen uptake in
Centrosema pubescens (centro) and Pueraria
phaseoloides (puero) due to iodine fertilizer.
Jurnal Agripet 15, 7-12.
Dianita, R., and Abdullah, L. (2011). Eﬀect of
nitrogen fertilizer on creeping forage plants
for tree-pasture integrated system. Journal of
Agricultural Science and Technology 1, 11181121.
David, J.E., Wang, L.X. and Marta, R.C. (2015).
Shrub encroachment alters the spatial patterns
of inﬁltration. Ecohydrology 8, 83-93.
Farni, Y., Arsyad, A.R. and Junedi H. (2012).
Fertilization of oil palm based on production
potential to increase the yield of fresh fruit
bunches (FFB) on marginal land of Kumpeh.
Journal Jambi University Research 14, 29-36.
Gao-Lin, W., Zheng, Y., Zheng, C., Yu, L., No-Fang,
F., and Zhi-Hua, S. (2016). Mixed artiﬁcial
grasslands with more roots improved mine soil
inﬁltration capacity. Journal of Hydrology 535,
54-60.
Hanks, R.J. and Ashcroft, G.L. (1986). “Applied Soil
Physic”. Spinger-Verlag. Heidelberg. New
York.
Horton, R.E. (1939). Analysis of runoﬀ-plat
experiments with varying inﬁltration capacity.
American Geophysical Union 20, 693-711.
Arif Sarjono, Dwi Guntoro, Supijatno

Journal of Tropical Crop Science Vol. 5 No. 3, October 2018
www.j-tropical-crops.com

Indiana, A.L. and Setiadi, Y. (2011). Planting Legume
Cover Crop on sloping land with templok
methods in Gunung Walat educational forest,
Sukabumi Regency. Journal of Tropical
Silviculture 2, 125-129.
Indonesian Ministry of Agriculture. (2015). Sistem
sertiﬁkasi tanaman kelapa sawit di Indonesia
(ISPO).
http://perundangan.pertanian.go.id/
admin/ﬁle/Permentan-11-15/ [September 25,
2016].
Kumar, R., Reddy, R.M., Sinha, P.S., Tirkey, J.,
Singh, M.K., and Prasad. B.C. (2010). Impact
of leguminous biomulching on soil properties,
leaf yield and cocoon productivity of tropical
Tasarculture under rain-fed conditions. Journal
of Entomology 7, 219-226.

Silmi, F., and Chozin, M.A. (2014). Utilization of
biomulch Arachis pintoi in production of sweet
corn (Zea mays saccharata Strut.) at upland
condition. Jurnal Hortikultura 5, 1-9.
Sumiahadi, A., Chozin, M.A. and Guntoro D. (2016).
Evaluation of the growth and development of
Arachis pintoi as a biomulch in crop cultivation
in tropical dry land. Indonesian Journal of
Agronomy 44, 98-103.
Sutedi, E., Risdiono, B., and Yuhaneni, S. (2005).
Characterization of Centrosema legumes.
In “Proceedings of the National Seminar on
Animal Husbandry and Veterinary Technology”
pp 886-889. Bogor Livestock Research Center,
Bogor.

Lee, R. (1980). “Forest Hydrology”. Gadjah Mada
University Press. Yogyakarta.

Utaya and Sugeng. (2008). Eﬀect of land use changes
on soil biophysical properties and inﬁltration
capacity in Malang city. Geographic Forum 22,
99-112.

Muddarisna, N., and Prijono, S. (2014). The potential
of Arachis pintoi biomass to improve quality of
soil is continuously used for cassava cropping.
Journal of Degraded and Mining Lands
Management 1, 87-92.

Yuniarti. (2016). “Potential of Arachis pintoi Karp. &
Greg. As Biomulch in Oil Palm Plantations”.
Thesis. Bogor Agricultural University, Bogor.

Purwanto, I. (2007). “Get to Know Leguminosae”.
Penerbit Kanius. Yogyakarta
Reﬂianti, Farni, Y., and Intan, S. (2009). Concerning
lcc leguminous to the physical properties of
the utisol of reeds and corn yields. Journal of
Agronomy 13, 51-56.

Yuniarti, Chozin, M.A., Guntoro, D., and Murtilaksono,
K. (2018). Comparing Arachis pintoi versus
other cover crops as biomulch in immature oil
palm plantations. Jurnal Agronomi Indonesia
46, 215-221. DOI: https://dx.doi.org/10.24831/
jai.v46i2.16126.

The Role of Biomulch Arachis pintoi In Increasing Soil Inﬁltration Rate on Sloping ..........

95

