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Abstract. The potential of upland for agriculture in Indonesia is very high which is about 76.2
million hectares. Upland consists of flat land (< 3%) and sloping land (slope > 3%). Most of
the upland is sloping land i.e. range 77% while only 23% of the land is flat. The total upland
area on the slopes of Java Island and Sumatra Island is 10.8 million and 33.7 million hectares
respectively. The potential danger of erosion and land degradation is high on the area since the
average rainfall is more than 2000 mm year™!. For sustainable farming, great efforts on land
conservations need to be reduced and prevented the danger of erosion and land degradation.
One of the technologies that can be used as a sloping upland conservation is the use of legume
cover crop (LCC). Arachis pintoi is legume plant that propagated by stem, creeping growth,
does not twist the main plant, and able to cover the ground or soil surface perfectly. Basic
research on the bio-ecology and agronomic characters, particularly related to its use as a
biomulch. Include analysis of growth and development, the time needed to covering soil
surface, their effectiveness in suppressing erosion, suppress weeds and improve the soil
fertility as well as the nature of their interaction towards plant cultivation has not much
reported. A series of studies have been carried out to study the characteristics of the growth and
development of plants of A.pintoi, effectiveness in suppressing the rate of soil erosion, weed
growth emphasis, improvement of physical and chemical properties of soil and its application
as biomulch on the minimum tillage system. The results showed that 4.pintoi has slow growth
at the beginning, but cover the soil surface perfectly at 10 weeks after planting (WAP) so
effectively suppress erosion, reduce evaporation from the soil, maintaining the availability of
groundwater, soil organic matter, provides increased availability of nutrient N and P as well as
suppressing the growth of weeds. The combination of minimum tillage and biomulch 4. pintoi
can be used as a method to be applied to different types of cultivation in tropical upland.

1. Introduction

A. pintoi in Indonesia is known as “kacang hias”. This plant is an introduced species from Brazil
imported to Indonesia via Singapore as an ornamental plant and cover crops [2]. Generally A. pintoi
has growth properties that largely meet the criteria for cover crops or biomulch. In some tropical
countries, the plant is widely used for various purposes, among others, to control erosion, control
weeds, control nematodes, improve soil fertility, as animal feed and ornamental plants [3][2].
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In contrast to other previously recognized LCCs, the results of research on the advantages of A.
pintoi as cover crops or biomulch have not been widely reported. However, based on its properties A.
pintoi has environmental advantages that are similar with another popular LCCs. Based on its
properties, the use of 4. pintoi in the cultivation of plants as biomulch has the potential to be used in
conservation farming. The basic research on this plant, especially related to its usefulness as a
biomulch includes analysis of growth and development, the speed of covering the ground surface, its
effectiveness in suppressing erosion, suppressing weeds and improving soil fertility and the nature of
its interaction on cultivation has not been reported. This research was conducted to study growth and
development characteristics of 4. pintoi, effectiveness in suppressing soil erosion rate, suppression of
weed growth, improvement of soil physical properties and soil chemistry, containment of water loss
and its application in cultivation of crops in upland.

2. Methods
A series of basic research to know the character of A. pintoi as biomulch has been done by IPB
Experimental Station and Teaching Farm of Palm Oil and Soil Fertility Laboratory, Faculty of
Agriculture IPB, Bogor, West Java, Indonesia. Research on the application of A. pintoi as biomulch on
the minimum tillage system has been done in the Experimental Station of the Faculty of Agriculture
IPB, Cikarawang, Dramaga. As a test plant are tomatoes, chili and sweet corn grew on land that
covered by A. pintoi whose soil is treated with various levels of soil tillage system. The research of
minimum tillage system was conducted for three seasons in 2015, 2016 and 2017. At the end of the
experiment, an analysis of soil physical and chemical properties was performed. Data and information
from all of this research is processed descriptively and analysed statistically.

The series of studies that have been conducted and which still need to be done are presented in the
research road map (figure 1)
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Figure 1. Arachis pintoi road map research.

3. Results and discussion

3.1. Growth and coverage rate

A. pintoi plant used is derived from rootless stem cuttings. The data show that the appearance of new
roots is seen at 3 WAP. The growth of leaf-producing branch buds has begun to be seen in the first
week of observation. In the early stages, A. pintoi growth is relatively slow, this is seen in the average
increase in plant length and number of leaves each week is 4.21 cm and 13.1 leaf [4]. The results of
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this study are not far in contrast to the results of Dianita and Abdullah [5] studies indicating that A.
pintoi has an average increase in plant length and number of leaves of 1.6 cm each and 15 leaves per
week.

With relatively slow growth rates, ground coverage by A. pintoi is achieved at 10-12 WAP,
depending on the spacing used [6][7]. The best spacing is 15 cm x 15 cm. From this series of research
also obtained the information that to stimulate root growth of 4. pintoi is using growth hormone, and
the best propagation are middle cuttings.

3.2. Reducing weed growth

The effectiveness of biomulch against weed suppression has been attempted on maize at sloping land
and flat land. The result of variance analysis showed that the slope of the land had significant effect on
weed weight at 6 WAP, but it had no effect on 10 WAP, whereas mulch type treatment had a
significant effect on weed weight at 6 and 10 WAP. There was no interaction between the slope of the
land and the type of mulch on weed weight at 6 and 10 WAP. In line with [18] shows that the use of
cover crops (Desmodium ovalifolium and Centrosema pubescens) is very effective in suppressing the
rate of erosion in abaca cultivation (Musa textilis Nee.) compared with control (without ground cover).

Table 1. Average weed dry weight on slope and mulch type treatment.
Weed dry weight (g 0.25 m?)

Treatments
6 WAP 10 WAP
Sloping land
Flat land 16.03a 9.36
Sloping land 10.38b 9.12
Mulch
Without mulch and without weeding 34.33a 57.15a
Without mulch, with weeding 2.81c 9.68¢
Plastic mulch 291c 10.78c
Straw mulch 11.75b 32.00b
A. pintoi biomulch 14.22b 27.09b

The number followed by the same letter in the same column shows no significant difference in the
DMRT (Duncan Multiple Range Test) advanced test at the 5% real level. WAP = week after
planting.

Table 1 shows that 4. pintoi biomulch is effective in suppressing weed growth. The weight of
weeds of A. pintoi biomulch treatment of 14.22 g at 6 MST and 27.09 g at 10 MST was significantly
lower than without mulch treatment without weeding (34.33 g) at 6 MST and 57.15 at 10 MST. The
results of this study indicate that 4. pintoi can suppress weed growth of 58.58% at 6 MST and 52.60%
at 10 MST. Previous studies have reported that the use of 4. pintoi is effective in suppressing the
growth of weeds in coffee [8][9], potato [10], and tomato cultivation [7].

From the results of this study also obtained information that the use of 4.pintoi as biomulch causes
a shift of weed species. Prior to treatment, the land was dominated by broad leaf weeds namely
Borreria alata with summed dominance ratio (SDR) amounted to 24.40%. With A.pintoi planting, the
dominant weeds became Axonopus compressus (13.86%), Pennisetum polystachion (10.65%) and
Digitaria Adscendens (10.49%). The three weeds are grass weeds.
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3.3. Soil and water conservation

It was reported that the use of ground cover can suppress the rate of soil erosion and maintain ground
water content. The results of this study indicate that A. pintoi planting can significantly reduce the rate
of erosion, especially on slopes; and can maintain water levels in oil palm plantations during low
rainfall.

3.3.1. Decreasing soil erosion rate

A.pintoi biomulch treatment has been tried on flat land and sloping land. Measurement of erosion is
carried out each time the rain turns in the without mulch treatment with the weeding used as the
control, the rate of erosion has increased enormously along with the increase of rainfall. In other types
of mulch treatment, the rate of erosion also increases with increasing rainfall, but the rate of increase is
smaller than the control.

Figure 2 shows that in control, rainfall and erosion rates have a fairly high positive correlation
either on flat land or sloping land with R? values of 0.65 and 0.68 respectively. The rainfall and
erosion rate of the 4. pintoi biomulch treatment in both flat and sloping land plots has a low positive
correlation with R? values of 0.17 and 0.48, respectively. This shows that the rate of erosion in
biomulch treatment. 4. pintoi is not significantly affected by rainfall. Figure 2 also shows that the rate
of erosion in the treatment of 4. pintoi biomulch on sloping land has a linear regression line coincided
with the rate of erosion in the control treatment on flat land. The coincident line indicates that 4. pintoi
is effective in suppressing the rate of erosion. The rate of erosion on sloped land with A. pintoi
planting can be reduced to equal the rate of erosion in the control treatment on flat land.
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Figure 2. The relationship between rainfall and soil erosion on different mulch treatments.

3.3.2. Maintaining soil moisture content

Measurement of soil moisture content conducted by sampling of soil using small-sized soil drill with 2
cm diameter and length 50 cm in depth of 0-10 cm and 10-20 cm. Result from study that conducted in
oil palm plantations, A. pintoi which was 11 weeks of MST, could withstand higher moisture content
(35.38%) was significantly different with C. pubescens biomulch (28.16%) and C. mucunoides
(27.95%) with lower conditions from the previous week. This indicates that 4. pintoi is able to
maintain soil moisture during low rainfall [11].
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3.3.3. Increasing soil fertility

Many studies reported that in the long term, biomulch could improved soil fertility. The ground cover
crop of the bean plant species has nutrient residues (organic C and P total soil) and soil microbial
population and better growth and yield of cabbage than the use of plastic mulch, although for soil
physical properties there is no difference real [12]. A. pintoi biomulch residue can improve soil
nutrient status and production that tends to be better than the biomulch residue of Callopogonium sp,
Centosema sp and natural vegetation [13]. The results of this study indicate that after 3 years Arachis
can improve soil physical and chemical properties. Differences in nutrient status and soil physical
properties on conventional and land treated land with Arachis pintoi are presented in table 2.

Table 2. Differences in nutrient status and physical properties of soils on land not planted by A. pintoi
for three years.

Without

Variable Arachis Category* Arachis pintoi Category* Gain (%)
pintoi

pH 6.23 quite acid 6.71 neutral 107.70
C-organic (%) 1.71 low 5.77 very high 337.43
N-organic (%) 0.18 low 0.24 middle 133.33
C/N 9.67 low 23.53 high 243.33
P205 (ppm) 62.06 very high 275.2 very high 443 .44
K20 (ppm) 27.42 middle 20.33 low 74.14
Water content
(%) 14.03 - 14.52 - 103.49
Bulk density 111 ; 1.15 i 103.60
(g/ce)
Total pore
space (%) 52.73 - 52.37 - 99.32

Compared with conventional soil tillage (without 4. pintoi). Table 2 shows A. pintoi biomulch can
increase organic C, organic N and soil P. C in treatment without 4. pintoi of 1.71% (low) while in the
treatment of Arachis pintoi of 5.77% (very high). Another benefit of 4. pintoi biomulch is its ability to
form a symbiotic root nodule with Rhizobium bacteria resulting in the accumulation of N, fixation in
the soil around the crop [14]. The P.Os content of 4. pinfoi (275.20 ppm) showed significant
improvement compared with no A. pintoi (62.06 ppm). This increase is suspected because A. pintoi
has the ability to be symbiotic with soil mycorrhiza. 4. pintoi that bersimbiosis with mycorrhizal has a
high content of nutrients in the soil and plant canopy. 4. pintoi also has the ability to synthesize the
enzyme acid phosphatase and express it to the soil solution around the roots of the plant. The enzyme
serves to make unpopulated soil P available for the plant, so that the nutrient content of P available in
the soil will increase [15].

In addition to improving soil nutrient status in A. pintoi can improve the soil physical properties.
The results showed that the bulk density of land planted by 4. pintoi 1.15 g.cc-1 was higher than that
of land without A4. pintoi (1,10 g.cc-1). Total pore space on land without 4. pintoi 52.73% while using
A.pintoi 52.37%. The research that A. pintoi biomuls significantly decreased the value of bulk density
[16]. This is consistent with the study that soils with high total pore space tend to have low bulk
density [17].

3.4. Application of A.pintoi as biomulch on minimum tillage system

The results of the research have shown that A. pintoi can play a role in soil conservation, even
increasing soil fertility (table 2). On the other hand, the presence of A. pintoi together with crop can
affect the growth and crop production because of competition in the use of resources. The results of
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biomulch in minimum tillage systems consistently have no significant effect on plant growth and
production because the treatment does not cause competition between A. pintoi and the main crop.

3.4.1. Plant response to arachis biomulch in minimum tillage system

Growth and production of 4 varieties of tomatoes (Lycopersicon esculentum) grown on a minimum
tillage system in first year planting is no difference from conventional tillage systems (without
biomulch). Average crop production in different soil tillage system is presented in table 3.

Table 3. Average yield of four tomatoes varieties on conventional and minimum tillage system.

Treatment Yield per plant (g) Yield per plot (kg 5.76 m™)

Soil Tillage

Conventional 512.51 2.86

Minimum

tillage 403.32 343
Variety

Permata F1 854.31a 4.65a

Yasmin 194.86¢ 1.62¢c

Tora 522.46b 3.58b

Sukon 260.03c 2.73b

The number followed by the same letter in the same column shows no significant difference in the DMRT
(Duncan Multiple Range Test) advanced test at the 5% real level.

The four varieties tested showed varied potential yields, the highest yield potential was shown by
Permata F1 varieties having harvesting weight on the conventional planting system as 854.31 g / plant,
higher and significantly different with other varieties (194.86 - 522.46 g / plant). For all varieties, the
use of A. pintoi as biomulch does not significantly affect its production. The benefits of 4. pintoi have
not been seen in the first year of planting because it takes time so the nutrients can be available for
main crop.

3.4.2. Optimum Tillage Area on Minimum Tillage System with A. pintoi as Biomulch

Experimental arrangement of appropriate tillage areas to reduce the influence of A.pintoi competition
on cultivation plants in the utilization of resources, while maintaining the conservation role of the
A.pintoi with the plant has been done using chili and sweet corn as indicator plants. The average yield
of chili and sweet corn yields per plot is presented in table 4.

Table 4. The average yield of chili and sweet corn per plot.

Second Year (Chili) Third Year (Sweet Corn)

Yield Yield
Tillage area (g 10,5 m?) Tillage area (g4 m?)
Conventional 34426 a Conventional 4104,00 a
Zero tillage 1.331,9b Zero tillage 237730 b

Minimum tillage Minimum tillage

5cm 42388 a 8 cm 3550,70 a
15 cm 3.079,0 a 16 cm 4392,00 a
20 cm 2.961,6 a 24 cm 3662,70 a
25cm 3.800,9 a 32 cm 3691,00 a

The number followed by the same letter in the same column shows no significant difference in the DMRT
(Duncan Multiple Range Test) advanced test at the 5% real level.
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The results of this study indicate that zero tillage treatment, by allowing A4. pintoi to cover the
whole area of chili (2016) and sweet corn (2017) significantly decrease the production of chili and
sweet corn. This shows that the presence of 4. pintoi interfere growth and production of main crops.
However, with minimum tillage, growth and production are not significantly different from
conventional tillage. Chili production for conventional tillage was 3442.0 g / plot, not significantly
different from the minimum tillage (2961.6 - 4238.8 g / plot). Data on sweet corn showed the same
pattern, conventional tillage yielded 4104.00 g / plot, not significantly different with the minimum
tillage (3662.70 - 4392.70 g / plot). This indicates that the minimum tillage system with A.pintoi as
biomulch with tillage area of 5 - 32 cm is feasible agronomically. In addition, the use of 4. pintoi can
provide great ecological benefits. These benefits include reducing the rate of erosion, the ability to
maintain soil moisture, and suppressing the growth of weeds (table 1 and figure 2), and in the long
term increasing the soil fertility (table 2). The influence of A. pintoi residues is better than Centrosema
sp. and Callopogonium [13]. From an economic point of view, the use of 4. pintoi with minimum
tillage can reduce the use of labor for soil tillage and weed control.

Overall, the results of a series of studies that have been conducted since 2010 have indicated that A4.
pintoi, which is currently used as an ornamental plant, has many positive values in conservation
agriculture. This plant is also very well used as a biomulch in a minimum tillage system for upland
agriculture in the tropics.

4. Conclusion

Arachis pintoi is a potential biomulch that has many advantages, there are reducing weed growth to
58.58%, reducing soil erosion rate, maintaining soil water content up to 35.38%, and increasing the
available nutrients for main crop. A. pintoi is suitable as a cover crop for vegetable cultivation in the
tropics such as chili, tomato and sweet corn, especially in minimum tillage system.
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