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INTRODUCTION

Agriculture extensification in Indonesia will 
utilize more suboptimal land in the future with 
various physical and chemical limiting factors since 
the availability of fertile soils has been increasingly 
limited. Acid upland soil, available mainly in the 
Islands outside the Island of Java, is one of the 
potential suboptimal lands that can be used for 
agricultural development. Acid upland soil in 
Indonesia occupies around 107.36 million ha; 98.3 
million ha of them are suitable for agriculture which 
consisted of 33.6 million ha suitable for seasonal 
crops and 53.59 million ha for perennial and 
plantation crops (BBSDLP, 2014).

The land-use competition between food and 
plantation crops, especially rubber plantation, on acid 
upland soil has been intensified recently. The farmer’s 
selection of crops to be grown is determined by 
several factors including the difficulty on maintaining 
the crops, availability of market, price of the product 
and continuous cash income contribution to the 

farmer. Food crops that are commonly cultivated by 
farmers in the relatively flat and fertile soils tend to 
be replaced by rubber or palm oil because of those 
mentioned reasons. The continuous trends of active 
expansion of plantation crops such as rubber and 
palm oil to the area where annual crops used to grow 
threaten the production of food crops locally and 
nationally in the long run. The foods availability for 
the community in acid upland soil was constrained 
by the rapid conversion of fertile land into rubber 
plantations, so that the utilization of acid upland soil 
for food crops among immature rubber plantation 
was highly recommended. Moreover, the time lag 
between planting and tapping for latex poses major 
problems to smallholder farmers as no income can be 
generated from the rubber during this period, which 
lasts anywhere between 4 to 5 years. One solution 
is to intercrop the young rubber plants with annual 
crops or cash crops which can be harvested 3 to 4 
months to not only provide direct cash to the farmer 
before the rubber get mature but also to improve 
soil productivity. Previous studies indicated that 
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ABSTRACT 

The space between young rubber plants can be utilized for growing 
soybean. The aim of this study was to quantify the effectiveness of 
some soil ameliorants applied in combination with a reduced dosage of 
NPK fertilizer on soil properties and soybean yield, in a young rubber 
and soybean intercropped system on acid upland soil. The study was 
conducted in East Lampung Indonesia from April to July 2013. The plots 
were designed in a split-plot with three replications. The main plots were 
the level of NPK fertilizer recommendation dosage (100% and 75%). The 
subplots were soil ameliorants. The results showed that a 25% reduction 
of NPK did not significantly affect the soil properties and soybean yield 
when applied with soil ameliorants. Application of dolomite 2 t/ha and 
Biochar SP50 2.5 t/ha reduced soil exchangeable Al content by 25.3% 
and 20.8% respectively. Dolomite was the most effective to increase soil 
pH, whilst Biochar SP50 provided the highest soil available water pores 
(15.25% vol.). Soybean gave better yield when the soil was treated with 
dolomite, Biochar SP50, and organic fertilizer plus. Reduction in soil 
acidity and improvement of soil available water pores most likely were 
responsible factors to give better yields of soybean planted on acid soil.
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intercropping food crops with young rubber plants 
increased farmers’ income, soil organic matter, soil 
fertility both physically and chemically, better growth 
of rubber trees (Langenberger, Cadisch, Martin, Min, 
& Waibel, 2017; Pansak, 2015; Tetteh et al., 2019; 
Xianhai, Mingdao, & Weifu, 2012), and promote 
vigorous growth of rubber, thereby reducing the 
length of the immature period (Tetteh et al., 2019). 
Rodrigo, Stirling, Silva, & Pathirana (2005) and 
Rodrigo, Stirling, Naranpanawa, & Herath (2001) 
also reported that the productivity of land and income 
of smallholder rubber farmers increased through the 
cultivation of land space between the young rubber 
trees by seasonal cash crops such as soybean and 
banana. 

The acid upland soil is categorized as infertile 
soil, the nutrients content of N, P2O5, K2O, cation 
exchange capacity (CEC) and C-organic are low 
(Cornelissen et al., 2018; Martinsen et al., 2015). 
High soil acidity (low pH) causes high aluminium 
content in the soil and high soil P fixation (Ch’ng, 
Ahmed, Majid, & Jalloh, 2017; Hale et al., 2013). This 
situation results in the lack of P nutrient availability 
for optimal growth and development of cultivated 
crops (Mbene, SuhTening, Suh, Fomenky, & Che, 
2017). In addition to nutrient deficiencies in the soil, 
soil physical properties in acid upland are also poor 
which include high bulk density (BD), and low total 
soil pore space, soil permeability, and soil water 
availability (Mulyani & Sarwani, 2013).

In order to obtain good soybean yield in the 
young rubber and soybean intercropped system grown 
on acid upland soil, the soil’s physical and chemical 
properties need to be improved.  Application of soil 
ameliorants such as manure, biochar, or dolomite 
or combination of them is expected to increase the 
availability of soil nutrients for plant growth as well 
as improve soil physical properties. Manure is an 
organic soil ameliorant derived from animal waste 
and feed residues, while biochar is a carbon-rich 
material (C) that is produced from the conversion 
of organic wastes through incomplete combustion 
processes or limited oxygen supply/pyrolysis 
(Nurida, Dariah, & Sutono, 2015; Obia, Mulder, Hale, 
Nurida, & Cornelissen, 2018). Manure improve soil 
physical and chemical properties by improving soil 
aggregation and adding macro and micronutrients to 
the soil, whereas dolomite is useful to increase soil 
pH so that increase  nutrients availability for plant 
uptake. Previous studies showed that the application 
of manure and biochar as organic soil ameliorants 

to improve soil quality and crop yields in the acid 
upland soil is highly effective when they were 
applied in combination with NPK fertilizers (Nurida, 
Dariah, & Sutono, 2015; Zhu, Peng, Huang, Xie, & 
Holden, 2014). The use of manure or biochar alone 
less effective to increase crop yields because the 
nutrients contained in these organic soil ameliorants 
were relatively low (Agegnehu, Bass, Nelson, & Bird, 
2016; Pandit et al., 2020).

The aim of this study was to quantify the 
effectiveness of some soil ameliorants applied in 
combination with a reduced dosage of NPK fertilizer 
on soil properties and soybean yield in a young 
rubber and soybean intercropped system on acid 
upland soil.

MATERIALS AND METHODS

The study was conducted at smallhoder 
rubber plantation in Sukadana Village, East Lampung 
Regency (05o 001’ 07.0’’ S and 105 o 31’ 01.4’’ E) 
with the altitude of about 300 m above sea level,  the 
mean annual rainfall was between 2,000-2,500 mm/
year and the soil textures was sandy clay loam.  The 
study was conducted during the rainy season (April-
July) of 2013. The 2-year rubber plants were planted 
with a spacing of 3 m within and 4.5 m between 
rows. The spaces between row (inter-row) of rubber 
plants were cultivated with soybean.

The research used a split-plot design with 
three replications. The main plot was the dosage 
of NPK fertilizers, consisting of: 1) 100% dosage 
of NPK fertilizer based on the recommendation of 
Upland Soil Test Kit (USTK) and 2) 75% dosage of 
NPK fertilizer recommendation of USTK. The subplot 
was the source of soil ameliorants, consisting of: 
a) Dolomite with a dose of 2 t/ha, b) Manure with 
a dose of 2 t/ha, c) Manure with dose of 2 t/ha + 
Rhizobium, d) Biochar SP50 with a dose of 2.5 t/ha 
and e) Organic fertilizer plus with a dose of 2 t/ha. 
Biochar SP50 is a soil ameliorant formula consisted 
of rice husk biochar and manure with a ratio of 
1:1, while organic fertilizer plus is organic manure 
derived from animal waste (cows and chickens) 
and baglog (mushroom media waste). Before the 
soil ameliorants were applied, laboratory analyses 
were conducted to determine the quality of soil 
ameliorants used. The parameters to be measured 
were: (1) pH H2O, C-organic (ashing), N-total 
(Kjeldahl), P2O5, K2O, CaO and MgO (wet ashing 
with HNO3 and HClO4). The results of the chemical 
analysis of ameliorants are listed in Table 1.
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The plot size was 11 m x 4.2 m with the 
soybean (Glycine max) variety used was Tanggamus. 
Soybean was planted in April 2013 with plant spacing 
of 15 cm x 30 cm, 2 plants per hole, and harvested 
in July 2013. The recommended fertilizer dose for 
soybean is based on USTK, they were 100 kg Urea/
ha, 200 kg SP36/ha, and 100 kg KCl/ha.

Dolomite, manure, biochar SP50, and 
organic fertilizer plus were spread evenly on each 
plot according to the treatment before the soybean 
was planted,  mixed evenly with soil at a depth of 
15-20 cm using a hoe, then incubated for 7 days. 
Rhizobium bacteria was used as a seed treatment 
by mixing with soybean seeds with a ratio of 1 pack 
of Rhizobium (100 g) with 2 kg of soybean seeds. 
All doses of urea, SP36 and KCl fertilizers were 
applied at planting time at a distance of 5 cm from 
the seeds, then covered with soil to avoid direct 
contact between the soybean seed and the fertilizer 
applied. Irrigation was conducted by flushing the 
water using a tool of “gembor” while weeding and 
controlling of the pests and diseases organisms 
were conducted as necessary.

Before the treatment applied, 10 sub 
composite soil samples were taken from each 
replication, mixed evenly in a plastic bucket, then 
taken about 1 kg for soil chemical analysis in the 
laboratory. Soil samples taken for soil chemical 
analysis at harvest time were 6 subs composite 
soil samples from each treatment, evenly mixed 
in plastic bucket, and then taken about 1 kg for 
soil chemical analysis in the Laboratory. The soil 
chemical properties parameters analyzed were 
pH (H2O and KCl), C-organic (Walkley and Black), 
N-total (Kjeldahl), K HCl 25%, cation exchange 
capacity (CEC) and exchangeable Al (NH4OAc 1N 

pH 7). Soil physical properties analyzed before and 
after the study were BD (bulk density) and porosity 
(gravimetry) consisting of total soil pores space 
(TSP), fast drainage pores (FDP), and available 
water pores (AWP) using undisturbed soil samples.

The soybean growth and productivity 
parameters observed were the plant height and 
yield. Plant height was measured from the soil 
surface to the leaf tip every week since the soybean 
crop was 2 weeks old after planting (WAP) until the 
time of harvesting (8 WAP). The dry grain yield of 
soybean with a moisture content of about 19% was 
weighed from each treatment.

The data were analyzed using the SAS 
System for Linear Models. The treatment showed a 
significant effect followed by Duncan Multiple Range 
Test (DMRT) analysis to determine the differences 
between treatments.

RESULTS AND DISCUSSION

Soil Chemical Characteristics
Table 2 showed that the soil has a low fertility 

level as indicated by the low to very low of N and K 
nutrients contained in the soil, very low soil cation 
exchange capacity (CEC;4.65 cmol(+)/kg), high 
exchangeable Al content (2.02 cmol(+)/kg) and very 
acidic soil (pH 3.52). Improvement of soil chemical 
properties in acid upland soil for soybean was 
necessary to provide optimal nutrients for crops 
uptake.

The use of NPK fertilizer at a dose of 75% and 
100% of the recommended dose of USTK showed 
no significant effect on soil chemical properties after 
the soybean harvested. The reduction of 25% of NPK 
dose did not affect soil chemical properties when it 
was applied not in combination with soil ameliorants. 

Table 1. Chemical chracteristics of soil ameliorants used on the research

Soil Ameliorants 
Formula pH H2O

C N P2O5 K2O CaO MgO
----------- % ---------

Dolomite, 2 t/ha 9.1 0.39
(7.80)

0.51
(10.20)

1.28
(11.18)

23.00
(3.49)

33.91
(484.43)

0.21
(276.00)

Manure, 2 t/ha 7.8 28.52
(570.40)

1.00
(20.00)

0.69
(6.03)

1.66
(27.55)

1.75
(25.00)

0.60
(7.20)

Biochar SP50, 2.5 
t/ha

7.1 32.07
(801.75)

1.73
(43.25)

1.14
(12.44)

1.54
(31.95)

1.89
(33.75)

0.68
(10.20)

Organic plus, 2 t/ha 7.1 22.2
(555.00)

2.09
(52.25)

2.50
(27.29)

1.32
(33.00)

2.48
(62.00)

0.26
(6.50)

Remarks: The number in brackets was the number of elements applied in kg/ha in each plot
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There was no interaction between NPK 
fertilization with soil ameliorants to soil chemical 
properties. The combined application of soil 
ameliorants with 75% dose of NPK fertilizer did not 
deteriorate soil chemical properties. There was a 
decrease in aluminum content in the soil (13.86-
19.80%) compared with the initial soil exchangeable 
Al before planting.

The use of soil ameliorants did not significantly 
affect soil pH, soil organic C, soil organic N, and 
soil CEC after the soybean harvest, but there were 
significant effects on the total of K and exchangeable 
Al content in the soil. Application of 2 t/ha of 
dolomite gave the lowest K-total content in the soil 
compared with the other soil ameliorants tested. 
These findings illustrated that the availability of K 
and it enrichment processes in the soil was strongly 
influenced by the application of soil ameliorants. 
The application of manure, biochar and organic 
fertilizer plus contributed to the potassium content 
in the soil (2.81-3.42 mg/100 g or 27.55-33.00 kg/
ha), the highest was given by organic fertilizer plus, 
while the dolomite application only contributed as 
much as 1.79 mg/100 g or 3.49 kg/ha (Table 2).

The positive effect of soil ameliorants 
application on soil chemical properties was the 
decrease of soil exchangeable Al in the soil, which 
reduced the toxic effect of aluminum to the soybean 

crop. The effectiveness of Biochar SP50 to lower the 
exchangeable Al content in the soil was as effective 
as dolomite at a dose of 2 t/ha, even though their 
effectiveness was still under the effect of manure 
and organic fertilizer plus. The lowest decrease 
in aluminum content was found in dolomite and 
Biochar SP50 applications that were reached 
25.3% and 20.8%, respectively. Dolomite showed 
as the most effective soil ameliorant to increase 
soil pH, therefore can neutralize the negative effect 
of aluminum on the crops better than other tested 
ameliorants. A study conducted by Sudaryono, 
Wijanarko, & Suyamto (2011) found that the 
application of 500 kg/ha of lime combined with 1 t/
ha of manure on acid upland soil in Rumbia, Center 
of Lampung reduced the toxicity of aluminum up to 
50%. The ability to reduce Al toxicity by application 
of 2.5 t/ha of Biochar SP50 in this study has not 
been effective yet as compared with dolomite, 
however, studies indicated that the residual effect 
of biochar can be found in the succeeding growing 
seasons (Hale et al., 2020; Nurida, 2014).

Soil Physical Properties
Soil texture at the research site was sandy 

clay loam with the sand, silt and clay contain were 
57%, 13%, and 30%, respectively. Table 3 indicated 
that the soil bulk density (BD) before planting was 

Table 2. Soil chemical characteristics before planting and after harvesting of soybean cultivated under  
young rubber plantation in Sukadana Village, East Lampung, 2013 

Treatment
Soil Chemical Characteristics

pH H2O
C-organic N-organic K-total CEC Exch. Al

----- % ----- mg/100g --cmol(+)/kg--
Before planting 3.52 1.06 0.13 6.00 4.65 2.02
After harvesting
Main Plot
100% NPK 3.69 a 1.12 a 0.11 a 2.76 a 4.82 a 1.74 a
75% NPK 3.72 a 1.06 a 0.10 a 2.29 a 4.54 a 1.62 a

Sub Plot
Dolomite, 2 t/ha 3.86 a 1.09 a 0.10 a 1.79 b 4.41 a 1.51 b
Manure, 2 t/ha 3.69 a 1.12 a 0.10 a 2.91 a 4.68 a 1.77 a
Manure, 2 t/ha + Rhizobium 3.59 a 1.10 a 0.11 a 2.81 a 4.66 a 1.86 a
Biochar SP50, 2.5 t/ha 3.69 a 1.08 a 0.97 a 2.78 a 4.83 a 1.60 b
Organic Fert. Plus, 2 t/ha 3.82 a 1.11 a 0.10 a 3.42 a 4.84 a 1.65 a

Remarks: The numbers followed by the same letter in the same columns are not significantly different based on the 
DMRT test at 0.05 level; CEC = Cation exchange capacity, Al = alluminum
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high (1.41 g/cm3) and low (41.2% volume) total soil 
porosity (TSP). The high sand fraction content in 
the soils (57%) and the high fast drainage pores 
(17.40% volume) caused the water to easily lose 
from the rooting zones as reflected on the low 
values of available water pores (Table 3). On such 
soil physical properties, the application of soil 
ameliorant is very important to support optimum 
growth and development of crops.

The result of the statistical analysis indicated 
that there was no interaction between the use of 
inorganic fertilizers/NPK with soil ameliorants to 
soil physical properties. NPK fertilizer with 75% and 
100% dosages of USTK recommendation had no 
significant effect on all parameters of soil physical 
properties. Similar results reported by Soelaeman 
& Haryati (2012) who found that application of 
SP36 and rock phosphate fertilizers on Ultisol in 
East Lampung had an insignificant effect on soil BD 
and Lin et al. (2019) showed that the application of 
chemical fertilizers will not show a direct effect on 
soil physical properties. Agus, Yustika, & Haryati 
(2006) and Min, Islam, Vough, & Weil (2003) 
suggested that soil BD has a close relationship 
with root penetration into the soil, soil drainage, and 
aeration, while Islam & Weil (2000) suggested that 
soil BD has a close relationship with soil porosity.

Manure application as much as 2 t/ha 
significantly improved soil physical properties as 

shown on lower BD and higher of TSP as compared 
with other soil ameliorants tested. Application of 
manure has increased soil organic matter content 
(Table 2) which in turn lowers the BD. High organic 
matter content and lower bulk density will have 
a positive impact on soil porosity and aeration to 
create a favorable medium for plant growth and 
microorganism’s development in the soil. The effects 
of Biochar SP50, Manure 2 t/ha, and Manure 2 t/ha + 
Rhizobium on available water capacity (AWC) were 
not statistically different in which Biochar SP50 gave 
the highest (15.25% vol.) AWC followed by Manure 
(12.95% vol.) and Manure 2 t/ha + Rhizobium 
(9.85% vol.). Dolomite and Organic Fertilizer 
Plus applications gave significantly lower AWC 
as compared with the other three soil ameliorants 
tested. Previous studies reported that application 
of biochar increased soil AWC (Nurida, Dariah, & 
Sutono, 2015; Saletnik, Zagula, Bajcar, Czernicka, & 
Puchalski, 2018) and increased soil water retention 
(Novak et al., 2009; Nurida & Jubaedah, 2019; 
Sukartono & Utomo, 2012; Yu, Raichle, & Sink, 
2013).  The high formation of micro and mesopores 
in biochar is responsible for the high capacity of 
biochar to retain water (Hardie, Clothier, Bound, 
Oliver, & Close, 2014; Obia, Mulder, Martinsen, 
Cornelissen, & Børresen, 2016; Shaaban, Se, Mitan, 
& Dimin, 2013) which is very useful to support the 
growth and development of soybean crops.

Table 3. Soil physical properties before planting and after harvest of soybean planted among young rubber 
plamtation in Sukadana Village, East Lampung, 2013 

Treatment
Soil Physical Properties

BD (g/cm3) TSP (% vol) FDP (% vol) WAC (% vol)
Before planting 1.41 41.2 17.4 7.0
After harvesting
Main plot
100% NPK USTK 1.39 a 41.75 a 15.20 a 11.06 a
75% NPK USTK 1.37 a 43.81 a 16.61 a 11.00 a
Sub Plot
Dolomite, 2 t/ha 1.36 a 43.3 ab 15.82 a 8.98 b
Manure, 2 t/ha 1.28 b 46.57 a 16.83 a 12.95 a
Manure, 2 t/ha + Rhizobium 1.42 a 39.85 c 13.87a 9.85 a
Biochar SP50, 2.5 t/ha 1.43 a 40.85 bc 13.95 a 15.25 a
Organic Fert. Plus, 2 t/ha 1.40 a 43.68 ab 17.40 a 8.15 b

Remarks: The numbers followed by the same letter in the same columns are not significantly difference based on the 
DMRT test at 0.05 level; BD = Bulk density, TSP = Total soil pores space, FDP = Fast drainage pores, WAP = Water 
available pores.
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The Growth of Soybean
Statistical analysis showed that there was 

no interaction between NPK fertilization dose and 
soil ameliorants application to soybean plant height 
(Table 4). Reduction of 25% of NPK fertilizer dosage 
(75 kg Urea/ha, 150 kg SP36/ha and 75 kg KCl/ha) 
from recommendation by USTK  (100 kg Urea/ha, 
200 kg SP36/ha and 100 kg KCl/ha) did not affect 
soybean growth. This finding indicates that the 
amount of fertilizer applied to soybean intercropped 
with young rubber plants can be reduced up to 25% 
from the recommendation without affecting soybean 
growth.

The effect of soil ameliorants on soybean 
plant height at 2 and 3 weeks after planting (WAP) 
varied according to the type of soil ameliorant 
used. Application of organic fertilizer plus at a dose 
of 2 t/ha and manure with a dose of 2 t/ha gave 
the highest plant height, but at 7-8 WAP, all soil 
ameliorants tested showed not significantly different 
on plant height. These conditions indicated that the 
five sources of soil ameliorant tested gave a similar 
effect on soybean growth in acid upland soil.

Harvested Grains, Residues and Harvest Index
The two dosages of fertilizer applied did not 

give significantly different soybean yield and weight 
of crop residues (Table 5). There was also no 
interaction between the application of NPK fertilizer 
and soil ameliorants on soybean yield and harvested 
residues. In contrast, the source of soil ameliorants 
gave significantly different effect on soybean yield. 
Dolomite application at a rate of 2 t/ha gave the 
highest grain yield of 1.52 t/ha and the ratio of grain to 

residues which is significantly different with manure 
application, but not significantly different with the use 
of manure at a dose of 2 t/ha + Rhizobium (1.39 t/ha), 
Biochar SP50 (1.37 t/ha) and organic fertilizer plus 
(1.36 t/ha). The application of manure with a dose of 
2 t/ha without accompanying with Rhizobium gave 
the lowest dry grain yield of 1.28 t/ha. Therefore, the 
management of acid upland soil for soybean should 
focus on reducing soil acidity.

Grain yield is considered to have more 
economic value compared with the harvested 
residues. However, the soybean crop residues is an 
important source of organic matter when returned 
back to the soil will improve soil productivity (Barus, 
2012).  It was found that the weight of soybean grain 
yield was about 47% out of the weight of harvested 
residues. The soybean harvested residues consist 
of roots, stems and leaves in which each weight 
can be estimated to be around  16%, 200% and 
130% of the grain weight produced, respectively 
(Maswar & Soelaeman, 2016), that was indicating 
the potential of soybean biomass as a source of 
organic materials to increase carbon content in the 
soil (Kätterer et al., 2019). 

Intercropping soybean with young rubber 
plantation will give a positive impact on the growth 
of rubber as the main crop. Sahuri (2017) reported 
that the growth of rubber intercropped with seasonal 
crops is better than rubber monoculture. The 
intensive maintenance of intercropped crops from 
weed disturbance and the application of fertilizer to 
the seasonal crops benefited the rubber plant as the 
main crop. 

Table 4. Plant heigh of soybean  intercropped with young rubber smallholder plantation in Sukadana Village, 
East Lampung, 2013 

Treatment
Plant height (cm)

2 WAP 3 WAP 4 WAP 5 WAP 6 WAP 7 WAP 8 WAP
100% NPK USTK 10.31 a 13.51 a 20.71 a 27.19 a 42.36 a 52.87 a 56.17 a
75% NPK USTK 9.79 a 13.72 a 20.41 a 27.69 a 42.96 a 52.92 a 52.17 a

Dolomite, 2 t/ha 9.70 bc 13.13 ab 21.33 a 28.77 a 46.80 a 55.57 a 56.27 a
Manure, 2 t/ha 10.33 ab 14.60 a 21.90 a 28.93 a 44.70 ab 57.07 a 56.97 a
Manure, 2 t/ha  + Rhizobium 9.97 bc 13.20 ab 19.03 a 24.83 a 38.07 b 47.20 a 50.23 a
Biochar SP50, 2.5 t/ha 9.33 c 12.83 b 19.57 a 26.10 a 39.27 ab 49.43 a 52.53 a
Organic Fert. Plus, 2 t/ha 10.90 a 14.30 ab 20.97 a 28.57 a 44.47 ab 55.20 a 54.87 a

Remarks: The numbers followed by the same letter in the same columns are not significantly difference based on the 
DMRT test at 0.05 level; WAP = weeks after planting.
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In addition, the intercropping systems will speed 
up the rubber tapping time as the stem diameter has 
reached 45 cm measured at a height of 110 cm from 
the ground (Ferry, Pranowo, & Rusli, 2013).

CONCLUSION AND SUGGESTION

This study found that reducing the amount 
of NPK fertilizer by 25% from the USTK fertilizer 
recommendation gave no significant difference with 
100% of the recommended dosage of fertilizers 
by USTK on soybean yield growing in a soybean-
young rubber intercropped system. The application 
of dolomite at a dose of 2 t/ha and Biochar SP50 
at a dose of 2 t/ha decreased an exchangeable 
aluminum up to 1.51 and 1.60 cmol(+)/kg which 
were equivalent to 25.3% and 20.8% of the initial 
soil aluminum level (2.02 cmol(+)/kg). Dolomite and 
Biochar SP50 were found to be the most effective 
soil ameliorants in reducing soil acidity; therefore, it 
can be used to neutralize the aluminum content in 
the soil. So, Biochar SP 50 could be an alternative 
ameliorant beside dolomite.

The application of Biochar SP50 gave the 
highest available water capacity/AWC (15.25% vol.), 
that is an important function to provide sufficient 
moisture for soybean growth in acid upland. The 
application of soil ameliorants such as manures 
+ Rhizobium, Biochar SP50 and organic fertilizer 
plus had a result of no significant difference for dry 
grain and grain-harvest residues ratio of soybean. 
Compared to dolomite application. Therefore those 
ameliorants could be applied as alternatives instead 
of dolomite 

ACKNOWLEDGEMENT

We wish to thank the Indonesian Research 
Institute for providing fund for this experiment, to Ir. 
Yoyo Soelaeman, MS. for providing insight review 
on the manuscript and to all staf of Tamanbogo 
Experimental Farm for their valuable assistance in 
the feld.

REFERENCES
Agegnehu, G., Bass, A. M., Nelson, P. N., & Bird, 

M. I. (2016). Benefits of biochar, compost 
and biochar-compost for soil quality, maize 
yield and greenhouse gas emissions in a 
tropical agricultural soil. Science of the Total 
Environment, 543(Part A), 295–306. https://doi.
org/10.1016/j.scitotenv.2015.11.054

Agus, F., Yustika, R. D., & Haryati, U. (2006). Penetapan 
berat volume tanah. In U. Kurnia, F. Agus, A. 
Adimihardja, & A. Dariah (Eds.), Sifat Fisika 
Tanah dan Metode Analisisnya (pp. 25–34). 
Bogor, ID: Balai Besar Litbang Sumberdaya 
Pertanian, Badan Penelitian dan Pengembangan 
Pertanian, Departmen Pertanian. Retrieved 
from http://balittanah.litbang.pertanian.go.id/
ind/dokumentasi/juknis/sifat_fisik_tanah_dan_
metode_analisisnya.pdf#page=30

Barus, J. (2012). Pengaruh aplikasi pupuk kandang dan 
sistim tanam terhadap hasil varietas unggul padi 
gogo pada lahan kering masam di Lampung. 
Jurnal Lahan Suboptimal, 1(1), 102–106. 
Retrieved from https://jlsuboptimal.unsri.ac.id/
index.php/jlso/article/view/13

BBSDLP. (2014). Road map penelitian dan 
pengembangan lahan kering. Bogor, ID: 

Table 5. Grain yield, harvest residues, total biomass and harvest index of soybean in intercropping with 
young rubber plantation in Sukadana Village, East Lampung, 2013 

Treatment Dry Grain
(t/ha)

Dry harvested 
Residues (t/ha)

Grain-Harvest 
Residues Ratio

(%)

Total Biomass
(t/ha)

Harvest 
Index

100% NPK USTK 1.39 a 2.94 a 47.42 a 4.32 a 0.32 a
75% NPK USTK 1.37 a 2.90 a 47.46 a 4.27 a 0.32 a

    
Lime/Dolomite, 2 t/ha 1.52 a 3.06 a 49.63 a 4.30 a 0.33 a
Manure, 2 t/ha 1.28 b 2.86 a 44.88 b 4.14 a 0.31 a
Manure, 2 t/ha + Rhizobium 1.39 ab 2.83 a 49.37 ab 4.22 a 0.33 a
BiocharSP50, 2.5 t/ha 1.37 ab 2.93 a 46.54 ab 4.30 a 0.32 a
Organic Fert. Plus, 2 t/ha 1.36 ab 2.91 a 46.78 ab 4.27 a 0.32 a

Remarks: The numbers followed by the same letter in the same columns are not significantly difference based on the 
DMRT test at 0.05 level.



Neneng Laela Nurida and Achmad Rachman: Amelioration for Increasing Acid Upland Productivity .......................

357

Balai Besar Penelitian dan Pengembangan 
Sumberdaya Lahan Pertanian, Badan Penelitian 
dan Pengembangan Pertanian, Kementerian 
Pertanian. Retrieved from http://perpustakaan.
pertanian.go.id/repository_litbang/repository/
publikasi/Buku/530/road-map-penelitian-dan-
pengembangan-lahan-kering

Ch’ng, H. Y., Ahmed, O. H., Majid, N. M. A., & Jalloh, M. 
B. (2017). Reducing soil phosphorus fixation to 
improve yield of maize on a tropical acid soil 
using compost and biochar derived from agro-
industrial wastes. Compost Science & Utilization, 
25(2), 82–94. https://doi.org/10.1080/106565
7X.2016.1202795

Cornelissen, G., Jubaedah, Nurida, N. L., Hale, S. E., 
Martinsen, V., Silvani, L., & Mulder, J. (2018). 
Fading positive effect of biochar on crop yield 
and soil acidity during five growth seasons 
in an Indonesian Ultisol. Science of The 
Total Environment, 634, 561–568. https://doi.
org/10.1016/j.scitotenv.2018.03.380

Ferry, Y., Pranowo, D., & Rusli. (2013). Pengaruh 
tanaman sela terhadap pertumbuhan tanaman 
karet muda pada sistem penebangan bertahap. 
Buletin RISTRI, 4(3), 225–230. Retrieved from 
http://repository.pertanian.go.id/bitstream/
handle/123456789/2544/EFFECT OF 
INTERCROPS ON THE GROWTH OF YOUNG 
RUBBER PLANT IN GRADUAL LOGGING 
SYSTEM.pdf?sequence=1&isAllowed=y

Hale, S. E., Alling, V., Martinsen, V., Mulder, J., Breedveld, 
G. D., & Cornelissen, G. (2013). The sorption and 
desorption of phosphate-P, ammonium-N and 
nitrate-N in cacao shell and corn cob biochars. 
Chemosphere, 91(11), 1612–1619. https://doi.
org/10.1016/j.chemosphere.2012.12.057

Hale, S. E., Nurida, N. L., Jubaedah, Mulder, J., Sørmo, E., 
Silvani, L., … Cornelissen, G. (2020). The effect 
of biochar, lime and ash on maize yield in a long-
term field trial in a Ultisol in the humid tropics. 
Science of The Total Environment, 719, 137455. 
https://doi.org/10.1016/j.scitotenv.2020.137455

Hardie, M., Clothier, B., Bound, S., Oliver, G., & Close, 
D. (2014). Does biochar influence soil physical 
properties and soil water availability? Plant and 
Soil, 376, 347–361. https://doi.org/10.1007/
s11104-013-1980-x

Islam, K. R., & Weil, R. R. (2000). Soil quality indicator 
properties in mid-Atlantic soils as influenced by 
conservation management. Journal of Soil and 
Water Conservation, 55(1), 69–78. Retrieved 
from https://www.jswconline.org/content/55/1/69

Kätterer, T., Roobroeck, D., Andrén, O., Kimutai, G., 
Karltun, E., Kirchmann, H., … Röing de Nowina, 
K. (2019). Biochar addition persistently increased 
soil fertility and yields in maize-soybean rotations 
over 10 years in sub-humid regions of Kenya. 
Field Crops Research, 235, 18–26. https://doi.
org/10.1016/j.fcr.2019.02.015

Langenberger, G., Cadisch, G., Martin, K., Min, S., & 
Waibel, H. (2017). Rubber intercropping: a 
viable concept for the 21st century? Agroforestry 
Systems, 91(3), 577–596. https://doi.
org/10.1007/s10457-016-9961-8

Lin, W., Lin, M., Zhou, H., Wu, H., Li, Z., & Lin, W. (2019). 
The effects of chemical and organic fertilizer 
usage on rhizosphere soil in tea orchards. PLOS 
ONE, 14(5), e0217018. https://doi.org/10.1371/
journal.pone.0217018

Martinsen, V., Alling, V., Nurida, N. L., Mulder, J., Hale, 
S. E., Ritz, C., … Cornelissen, G. (2015). pH 
effects of the addition of three biochars to acidic 
Indonesian mineral soils. Soil Science and Plant 
Nutrition, 61(5), 821–834. https://doi.org/10.108
0/00380768.2015.1052985

Maswar, & Soelaeman, Y. (2016). Effects of organic 
and chemical fertilizer inputs on biomass 
production and carbon dynamics in a maize 
farming on ultisols. AGRIVITA Journal of 
Agricultural Science, 38(2), 133–141. https://doi.
org/10.17503/agrivita.v38i2.594

Mbene, K., SuhTening, A., Suh, C. E., Fomenky, N. N., 
& Che, V. B. (2017). Phosphorus fixation and its 
relationship with physicochemical properties of 
soils on the Eastern flank of Mount Cameroon. 
African Journal of Agricultural Research, 
12(36), 2742–2753. https://doi.org/10.5897/
ajar2017.12530

Min, D. H., Islam, K. R., Vough, L. R., & Weil, R. R. (2003). 
Dairy manure effects on soil quality properties 
and carbon sequestration in alfalfa-orchardgrass 
systems. Communications in Soil Science and 
Plant Analysis, 34(5–6), 781–799. https://doi.
org/10.1081/CSS-120018975

Mulyani, A., & Sarwani, M. (2013). Karakteristik dan 
potensi lahan sub optimal untuk pengembangan 
pertanian di Indonesia. Jurnal Sumberdaya 
Lahan, 7(1), 47–55. Retrieved from http://
ejurnal.litbang.pertanian.go.id/index.php/jsl/
article/view/6429

Novak, J., Lima, I., Xing, B., Gaskin, J., Steiner, C., Das, 
K., … Schomberg, H. (2009). Characterization 
of designer biochar produced at different 
temperatures and their effects on a loamy sand. 



Neneng Laela Nurida and Achmad Rachman: Amelioration for Increasing Acid Upland Productivity .......................

358

Annals of Environmental Science, 3(1), 195–
206. Retrieved from https://openjournals.neu.
edu/aes/journal/article/view/v3art5

Nurida, N. L. (2014). Potensi pemanfaatan biochar untuk 
rehabilitasi lahan kering di Indonesia. Jurnal 
Sumberdaya Lahan, 8(3), 57–68. Retrieved from 
http://ejurnal.litbang.pertanian.go.id/index.php/
jsl/article/view/6503

Nurida, N. L., & Jubaedah. (2019). Formulation of 
biochar based soil amendment for improvement 
of upland acidic soil in East Lampung: Soil 
properties and maize (Zea mays) yield. Journal 
of Tropical Soils, 24(1), 33–41. Retrieved from 
https://journal.unila.ac.id/index.php/tropicalsoil/
article/view/339

Nurida, N. L., Dariah, A., & Sutono. (2015). Pembenah 
tanah alternatif untuk meningkatkan produktivitas 
tanah dan tanaman kedelai di lahan kering 
masam. Jurnal Tanah Dan Iklim, 39(2), 99–
108. Retrieved from http://www.ejurnal.litbang.
pertanian.go.id/index.php/jti/article/view/6227

Obia, A., Mulder, J., Hale, S. E., Nurida, N. L., & 
Cornelissen, G. (2018). The potential of biochar 
in improving drainage, aeration and maize yields 
in heavy clay soils. PLOS ONE, 13(5), e0196794. 
https://doi.org/10.1371/journal.pone.0196794

Obia, A., Mulder, J., Martinsen, V., Cornelissen, G., & 
Børresen, T. (2016). In situ effects of biochar 
on aggregation, water retention and porosity 
in light-textured tropical soils. Soil and Tillage 
Research, 155, 35–44. https://doi.org/10.1016/j.
still.2015.08.002

Pandit, N. R., Schmidt, H. P., Mulder, J., Hale, S. E., 
Husson, O., & Cornelissen, G. (2020). Nutrient 
effect of various composting methods with and 
without biochar on soil fertility and maize growth. 
Archives of Agronomy and Soil Science, 66(2), 
250–265. https://doi.org/10.1080/03650340.201
9.1610168

Pansak, W. (2015). Assessing rubber intercropping 
strategies in northern Thailand using the 
water, nutrient, light capture in agroforestry 
systems model. Kasetsart Journal - Natural 
Science, 49, 785–794. Retrieved from https://
pdfs.semanticscholar.org/5b9d/63d8d6fe
3bf35b4d023547759fac87b2b406.pdf?_
ga=2.149884342.184618789.1593830891-
1270375309.1531714281

Rodrigo, V. H. L., Stirling, C. M., Naranpanawa, R. 
M. A. K. B., & Herath, P. H. M. U. (2001). 
Intercropping of immature rubber in Sri Lanka: 
Present status and financial analysis of 

intercrops planted at three densities of banana. 
Agroforestry Systems, 51, 35–48. https://doi.
org/10.1023/A:1006449230436

Rodrigo, V. H. L., Stirling, C. M., Silva, T. U. K., & 
Pathirana, P. D. (2005). The growth and yield of 
rubber at maturity is improved by intercropping 
with banana during the early stage of rubber 
cultivation. Field Crops Research, 91(1), 23–33. 
https://doi.org/10.1016/j.fcr.2004.05.005

Sahuri. (2017). Pengembangan tanaman jagung (Zea 
mays L.) di antara tanaman karet belum 
menghasilkan. Analisis Kebijakan Pertanian, 
15(2), 113–126. https://doi.org/10.21082/akp.
v15n2.2017.113-126

Saletnik, B., Zagula, G., Bajcar, M., Czernicka, M., & 
Puchalski, C. (2018). Biochar and biomass ash 
as a soil ameliorant: The effect on selected 
soil properties and yield of giant miscanthus 
(Miscanthus x giganteus). Energies, 11, 2535. 
https://doi.org/10.3390/en11102535

Shaaban, A., Se, S. M., Mitan, N. M. M., & Dimin, M. F. 
(2013). Characterization of biochar derived from 
rubber wood sawdust through slow pyrolysis 
on surface porosities and functional groups. 
Procedia Engineering, 68, 365–371. https://doi.
org/10.1016/j.proeng.2013.12.193

Soelaeman, Y., & Haryati, U. (2012). Soil physical 
properties and production of upland ultisol soil. 
AGRIVITA Journal of Agricultural Science, 34(2), 
136–143. https://doi.org/10.17503/agrivita-2012-
34-2-p136-143

Sudaryono, Wijanarko, A., & Suyamto. (2011). Efektivitas 
kombinasi amelioran dan pupuk kandang dalam 
meningkatkan hasil kedelai pada tanah ultisol. 
Jurnal Penelitian Pertanian Tanaman Pangan, 
30(1), 43–51. Retrieved from http://ejurnal.
litbang.pertanian.go.id/index.php/jpptp/article/
view/2983

Sukartono, & Utomo, W. H. (2012). Peranan biochar 
sebagai pembenah tanah pada pertanaman 
jagung di tanah lempung berpasir (sandy loam) 
semiarid tropis Lombok Utara. Buana Sains, 
12(1), 91–98. Retrieved from https://jurnal.unitri.
ac.id/index.php/buanasains/article/view/155

Tetteh, E. N., Abunyewa, A. A., Tuffour, H. O., Berchie, 
J. N., Acheampong, P. P., Twum-Ampofo, K., 
… Partey, S. T. (2019). Rubber and plantain 
intercropping: Effects of different planting 
densities on soil characteristics. PLoS ONE, 
14(1), e0209260. https://doi.org/10.1371/journal.
pone.0209260



Neneng Laela Nurida and Achmad Rachman: Amelioration for Increasing Acid Upland Productivity .......................

359

Xianhai, Z., Mingdao, C., & Weifu, L. (2012). Improving 
planting pattern for intercropping in the whole 
production span of rubber tree. African Journal 
of Biotechnology, 11(34), 8484–8490. Retrieved 
from https://www.ajol.info/index.php/ajb/article/
view/127486

Yu, O.-Y., Raichle, B., & Sink, S. (2013). Impact of 
biochar on the water holding capacity of loamy 

sand soil. International Journal of Energy and 
Environmental Engineering, 4, 44. https://doi.
org/10.1186/2251-6832-4-44

Zhu, Q.-H., Peng, X.-H., Huang, T.-Q., Xie, Z.-B., & 
Holden, N. M. (2014). Effect of biochar addition 
on maize growth and nitrogen use efficiency in 
acidic red soils. Pedosphere, 24(6), 699–708. 
https://doi.org/10.1016/S1002-0160(14)60057-6


