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ABSTRACT 

 

Rubber plants that have produced can be improved through iles-iles farming. This study aims to determine the effect of 

the iles-iles rubber intercropping system on soil fertility, rubber growth, and latex yield. The study used a completely randomized 

block design (CRBD) with three replications. The treatment compared the rubber monoculture system with iles-iles rubber 

intercropping. The results showed that the cultivation of iles-iles as a rubber intercropping during the mature period of two 

years of observation did not inhibit the growth of rubber because it was not significantly different (P = 0.255) compared to the 

monoculture system but had a significant (P = 0.0013) effect on the latex yield. The BEP (Break Event Point) value of this 

farming system was achieved at the price of wet tubers of IDR 7.139 kg-1 with a production of 2.368 kg ha-1, while the value of 

the LER (Land Equivalent Ratio) in this farming system was 1.84. 
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INTRODUCTION 

 

The system of intercropping rubber with other 

economic crops can increase land productivity, increase 

rubber growth and production, increase the intensity of farmer 

control over their rubber plantations, increase rubber farmer 

income, and reduce the risk of loss of income if one of the 

commodities experiences a decrease in selling price (Mousavi 

& Eskandari, 2011; Ferry et al., 2013; Esekhade et al., 2014; 

Pansak, 2015; Sahuri & Rosyid, 2015; Sahuri, 2017; Sahuri, 

2019a). Intercropping systems can also increase soil organic 

matter (Rodrigo et al., 2004; Raintree, 2005; Pathiratna and 

Perera, 2006; Snoeck et al., 2013; Sahuri and Rosyid, 2015) 

and increase land use efficiency (Ogwuche et al., 2012; 

Pansak, 2015; Hondrade et al., 2017; Romyen et al., 2018; 

Mousavi & Eskandari, 2011; Sahuri, 2019b; Sahuri, 2020). 

Some of the results of research on rubber intercropping 

systems with food crops (for example, upland rice, corn, 

soybeans, sorghum, etc.), horticulture (for example, 

pineapple, banana, chili, etc.), medicinal plants (for example, 

turmeric, ginger, etc.), and other plantation crops (e.g., cocoa, 

coffee, oil palm, sugarcane, etc.) have been documented since 

the 1980s in the Indonesian Rubber Research Institute annual 

research reports. The results showed that there was no 

negative effect of the intercropping system on rubber growth 

and production (Rosyid et al., 2007; Sahuri & Rosyid, 2015; 

Sahuri, 2017; Sahuri, 2019a; Sahuri, 2019b; Sahuri, 2020). 

Research in other places also shows the same results as the 

rubber intercropping system with medicinal plants (Pathiratna 

& Perera, 2006); rubber plantations with upland rice and 

green beans (Hondrade et al., 2017); rubber plants with 

sorghum and soybeans (Tistama et al., 2016); rubber plants 

with bananas (Rodrigo et al., 2005; Snoeck et al., 2013; 

Rinojati et al., 2016); and rubber plants with cocoa 

(Zakariyyya et al., 2016).   

The main obstacle to the rubber intercropping system 

is the low light intensity due to the shade factor of the rubber 

plant canopy. In rubber plants with a single planting distance 

of 6 m x 3 m, when they are more than two years old, the light 

reduction reaches 50–60%. Intercrops planted under less than 

50% shade have decreased yields by up to 60% compared to 

conditions without shade (Wirnas, 2007; Fikriati, 2010; 

Tistama et al., 2016). Therefore, shade-tolerant intercrops are 

needed, namely iles-iles or porang. Iles-iles is suitable as an 

intercrop in rubber plantation areas with closed crowns 

because it can grow under 40–50% shade (Sumarwoto, 2005; 

Santosa et al., 2006; Harijati and Mastuti, 2014; Santosa, 

2014). This character corresponds to the condition of the 

rubber plantation area where the canopy has begun to close 

with a maximum sunlight intensity of only 30–40% at the age 

of the rubber plant of more than 2 years (Rodrigo et al., 2004; 

Xianhai et al., 2012; Sahuri, 2019a). In addition, iles-iles also 

has the ability to be an anti-fungal  (Khan et al., 2007; Ansil 

et al., 2014), so it can indirectly function as a control of white 

root fungus in rubber plantation areas. 

Few studies have assessed the effect of the iles-iles 

intercropping system on rubber growth and yield. On the 

other hand, when recommending this intercropping system, it 

is very important to see how it influences rubber growth and 

production. Therefore, this study aims to determine the effect 

of the iles-iles intercropping pattern of rubber on soil fertility, 

growth of rubber girths, and latex yields. 
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MATERIALS AND METHODS 

 

The research was conducted at the production and 

experimental garden of the Sembawa Rubber Research 

Institute, South Sumatra, which is located at 03o55.684' South 

Latitude and 104o32.382' East Longitude with an altitude of 

10 m above sea level. The type of soil in the research location 

is red-yellow podzolic with a sandy loam texture. The 

research location was chosen in a rubber plantation area that 

produced a fairly uniform type of rubber clone, PB 260, 

planted in 2010. The research time was approximately two 

years, from December 2016 to December 2018. 

The study used a completely randomized block design 

(CRBD) with three replications to compare the treatment of 

monoculture system rubber plants and iles-iles intercropping 

system rubber plants. The area of each treatment plot was 500 

m2 (a population of 50 rubber plants per plot). In each 

experimental unit, 20 rubber plants and iles-iles were taken as 

sample plants. Tillage is carried out on each plot at a 

minimum, as is the cleaning of weeds. The spacing for rubber 

is 6 m x 3 m (550 trees ha-1), and the spacing for iles-iles is 

100 cm x 50 cm (18,000 plants ha-1), with a distance of 1.5 m 

from the rubber plantations. Manure of 7.5 tons ha-1 and 

dolomite of 4 tons ha-1 were applied one week before planting 

iles-iles (Sumarwoto, 2005), and chemical fertilizers using 45 

kg of ammonium sulfate ha-1, 110 kg of super phosphate ha-1, 

and 130 kg of potassium chloride ha-1 were given at the time 

of planting, and another 45 kg of ammonium sulfate ha-1 was 

added (Kasno, 2008). The fertilizer applied to rubber trees is 

presented in Table 1, and the rubber intercropping system 

with iles-iles can be seen in Figure 1. 

Observations consisted of chemical analysis of the soil 

carried out at a depth of 20 cm, including pH, C-organic, N, 

P2O5, K2O, cation exchange rates of Ca and Mg, and cation 

exchange capacity (CEC). Climate data collection with AWS 

(Automatic Weather Stations) The rubber plant parameters 

observed included measuring the stem girth at a height of 100 

cm from the ground surface of 20 sample trees in each 

treatment plot and measuring the yield of latex per tree per 

tapping (g t-1 t-1) using a half-spiral tapping system that was 

tapped every 3 days. For one year of tapping (1/2S D/3) as 

many as 20 sample trees in each treatment plot and measuring 

the light intensity every 6 months using the LI-COR Line 

Quantum Sensor. The parameters of the intercrops observed 

were the yield of wet iles-iles tubers in each treatment plot, 

which was then calculated by converting the average tuber 

weight to the number of iles-iles plants in one hectare, 

assuming a population per hectare of 16,000 plants. Data 

analysis used the ANOVA table F test; if there was a 

significant difference, it was continued with Duncan’s 

Multiple Range Test (DMRT) at the 5% level (Gomez and 

Gomez, 1995).

 

 

Table 1. The fertilizer applied to rubber trees 

Type of fertilizer 

Amount of fertilizer applied to rubber plants (kg tree-1 year-1) 

Ten years after planting Eleventh year after planting Twelfth year after planting 

Ammonium sulphate  0.35 0.35 0.35 

Super phosphate 0.26 0.26 0.26 

Potassium chloride 0.30 0.30 0.30 

Kieserit 0.08 0.08 0.08 

Note: The dosage of fertilizer used is based on the results of soil and leaf nutrient analyses at the study site. 

 

 

     

Figure 1. Rubber intercropping system with iles-iles 
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RESULTS AND DISCUSSION 

 

Climatic conditions, planting schedule, and harvest of 

Iles-iles 

The average rainfall in 2016–2018 at the study site was 

2,107 mm/year, with the highest rainfall in November–April 

(> 200 mm) and dry months May–October (< 100 mm). The 

average humidity throughout the year is >80%, with an 

average air temperature of 23–32 oC. The first plants were 

harvested at the age of 2 years in September and October of 

2018, and the next one was not replanted because new plants 

were grown from seeds and bulbils at the study site (Figure 

2). Based on the climatic criteria for iles-iles (Kasno, 2008), 

it shows that the research area is suitable for planting iles-iles 

with temperature conditions of 25–35 °C.  

Based on the average monthly rainfall from 2016 to 2018, it 

shows that the research location is included in the C3 Climate 

Type, which is a rather humid climate type with the number 

of wet months (rainfall > 200 mm) between 5 and 6 months 

and the number of dry months (rainfall  100 mm) between 4 

and 6 months (As-Syakur, 2009). This condition indicates that 

optimal planting of iles-iles in this location can only be done 

once a year. Based on the climate suitability class for rubber 

trees (Wijaya, 2015), the research location is in the S2 class 

(somewhat suitable).  

 

Soil Analysis 

The type of soil in the research location is ultisol. The 

results of soil analysis at the study site indicated that the 

presence of intercrops among rubber trees had a positive 

effect on increasing the fertility of rubber land. Based on the 

criteria for soil fertility for rubber plants (Wijaya, 2018), it 

states that soil pH conditions increased from very acidic to 

acidic, C-organic increased from low to high, and P increased 

from low to medium, while N, K, and CEC were still low 

(Table 2). Soil fertility due to intercropping increased by an 

average of 31% compared to monoculture rubber. This is due 

to the presence of nutrient inputs such as dolomite, inorganic 

and organic fertilizers, and the maintenance of iles-iles plants, 

which cause better soil structure and soil conditions rich in 

nutrients that are needed by rubber plants. 

The rubber intercropping system with iles-iles has a 

positive effect on the soil because it does not cause 

competition for nutrients in the soil. As reported by Esekhade 

et al. (2014), the rubber intercropping system can 

significantly increase organic carbon, nitrogen, and 

phosphorus in the soil. However, if the land continues to be 

cultivated in the long term, there will be nutrient depletion as 

a result of the intercropping treatment. Therefore, the addition 

of fertilizers, especially organic fertilizers, nitrogen, and 

phosphorus, is still being done to increase the growth of 

rubber trees and intercrops. Khongdee & Pansak (2015) also 

reported that the rubber intercropping treatment did not 

negatively affect nutrient content or soil moisture, so it did 

not cause competition for nutrients in the soil. Furthermore, 

Tetteh et al. (2019) also reported that the rubber intercropping 

system can increase organic carbon and nitrogen-fixing 

microbes in the soil.

 

 

 

Figure 2.  Average monthly rainfall, evapotranspiration rate, and schedule from planting to iles-iles harvest in the 2016–2018 

planting season at the Sembawa Rubber Research Center Station 

 

 

Table 2.  The chemical and physical properties of the soil in the monoculture system and the iles-iles intercropping system 

Analysis Variable 
Treatment Enhancement 

Monoculture Iles-iles  

pH 4.21va 5.24a 20% 

C - Organic (%) 1.34l 3.47h 61% 

N-total (%) 0.23l 0.31l 26% 

C/N ratio 5.82l 11.21m 48% 

P2O5 (Bray II) (ppm) 4.25vl 5.36l 21% 

K2O (Morgan) (me/100 gr) 0.14l 0.16l 13% 

CEC (me/100 gr) 8.58vl 11.86l 28% 

 Note: l = low; vl = very low; m = medium;  a = acid; va = very acid; h = height 
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Light Penetration 

Overall, the average light penetration among rubber 

trees in the study area during the three years of observation 

was 22.35% and 15.6% in narrow rows. This means that the 

light penetration is not more than 30% at any point measured 

(Figure 3). Based on the criteria for light requirements for 

iles-iles (Kasno, 2008), it shows that the research area is 

suitable for planting iles-iles with a maximum light 

requirement of 40%. Wijayanto and Pratiwi (2011) also 

reported that the growth and production of iles-iles were 

significantly good at 30% light penetration. 

 

Stem Girth 

The rubber stem girth is measured at a height of 100 

cm from the ground. The planting of iles-iles as an intercrop 

between rubber plants did not have a negative effect on the 

growth of rubber girths. The results of the study during the 

two years of observation showed that the growth of rubber 

stem girths in the iles-iles intercropping pattern and the rubber 

monoculture pattern were not significantly different (P = 

0.255). This shows that the presence of iles-iles as an 

intercrop between rubber plants does not inhibit the growth of 

rubber plants (Figure 4). The rubber girth is measured at a 

height of 100 cm from the ground. Planting iles-iles as an 

intercrop between rubber plants does not have a negative 

effect on the growth of rubber girths. The results of the 

research during the two years of observation showed that the 

growth of rubber girth in the iles-iles intercropping pattern 

and the rubber monoculture pattern were not significantly 

different (P = 0.255). This shows that the presence of iles-iles 

as an intercrop among the rubber plants does not inhibit the 

growth of the rubber plants (Figure 4). 

 The growth of rubber stem girths due to planting 

between iles-iles plants was significantly less hampered 

compared to the monoculture rubber system. This is due to 

the fact that the rubber plantation system is well maintained 

through N, P, and K fertilization, composting of iles-iles crop 

residues, iles-iles plant maintenance, weeding, monitoring, 

and controlling pests and diseases. As reported by Tistama et 

al. (2016), a rubber intercropping system with sorghum and 

soybean crops does not inhibit the growth of rubber stem 

girths because, through the intercropping system, soil fertility 

increases. Esekhad et al. (2014) and Romyen et al. (2018) also 

reported that rubber trees planted by intercropping could 

reach tapping maturity earlier than those planted by 

monoculture so as to shorten tapping time, thereby 

accelerating investment returns. 

 

Latex Yield 

Latex yields are expressed in units of g t-1 t-1 (grams 

per tree per tapping), obtained by calculating the volume of 

latex and dry rubber content divided by the number of sample 

plants. The planting of iles-iles between rubber plants has a 

positive effect on increasing latex yields. Two years of 

observation showed that the latex yield of the iles-iles 

intercropping system was 19% higher than the latex yield of 

the monoculture rubber system. 

 

 

 

Figure 3. Light penetration between rubber trees over the two years of observation 

 

 

 

Figure 4. The growth of rubber stem girths with the iles-iles intercropping pattern and the monoculture rubber pattern during 

the two years of observation 
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Figure 5.  Latex yield gram per tree per tapping monoculture system and iles-iles intercropping system for two years of 

observation 

 

 

Table 3.  Production costs of iles-iles farming between rubber plantations that are already producing 

Description 
1st year 2nd year 

Physical Value (Rp ha-1) Physical Value (Rp ha-1) 

Land clearing (tractor) 0.50 250,000     

Labor  ha-1 44 2,442,132 36 1,998,108 

Transports   1 200,000 

Iles-iles seed ha-1 9,600 28,800,000   

Dolomite (kg ha-1) 2,400 2,808,000   

Manure (kg ha -1) 4,200 1,344,000   

Urea (kg/ha karet) 27 75,600   

SP-36 (kg/ha karet) 66 237,600   

KCl (kg/ha karet) 78 526,500   

Insecticide (l ha-1) 3 180,000   

Carbofuran (kg/ha karet) 3 22,500   

Roundup herbicide (l ha-1) 3 195,000   

Production cost (Rp ha-1)  36,881,332  2,198,108 

Total Production Cost (Rp ha-1)  39,079,440   

Yield (kg ha-1)     

Wet tubers (kg ha-1)   5,474  

The average price of wet tubers/kg   16,500  

Revenue (Rp ha-1)    90,327,270 

Benefit (Rp ha-1)    51,247,830 

B/C Ratio    1.31 

BEP Harga (Rp)    7,139 

Production BEP (kg ha-1)       2,368 

Note: Processed from primary data (2018); Population and area of iles-iles as intercropping of rubber are 60% from monoculture, 

with a distance from row of rubber trees of 1.0–1.5 m. 

  

 

Table 4.  Yield potential of iles-iles between productive rubber plantations 

Treatment Population (ha−1) Yield (kg.ha-1) 

Monoculture System     

Rubber 500 1.014 

Iles-iles 16.000 9.124 

Intercropping System   

Rubber 500 1.260 

Iles-iles 9.600 5.474 

Note: Processed from primary data (2018); The population and area of iles-iles as rubber intercropping are 60% from 

monoculture with a distance of 1.0–1.5 m from the row of rubber trees; iles-iles products are wet tubers, and rubber 

products are latex. 



Agrovigor: Jurnal Agroekoteknologi, 16(2): 75 – 82 (2023)  80 

 

Improved the growth and yield of rubber at mature period throught iles-iles … 

 

Based on the results of statistical analysis, the results 

of the latex iles-iles intercropping system and the 

monoculture rubber pattern were significantly different (P = 

0.0013). This shows that the presence of iles-iles planted 

between rubber plants did not reduce latex yields and even 

significantly increased latex yields (Figure 5). The rubber 

intercropping system can increase the productivity of rubber 

plantations so that rubber production increases and farmer 

household income also increases. Mousavi and Eskandari 

(2011) reported that latex yields increased with intercropping 

due to an increase in soil fertility. Snoeck et al. (2013) also 

reported that the rubber intercropping system can increase the 

productivity of rubber plantations and farmer household 

income. Furthermore, Romyen et al. (2018) added that the 

rubber intercropping system is more economically profitable 

than monoculture. 

 

Costs and Profits of Iles-Iles Farming Between Producing 

Rubber Plants 

The iles-iles population planted between rubber trees 

with a spacing of 6 m x 3 m is 60% of the monoculture 

population with a distance of 1.0–1.5 m from the rows of 

rubber trees. The yield potential of iles-iles between mature 

rubber plantations is presented in Table 3. The revenue 

obtained in the second year came from the sale of wet tubers, 

namely IDR. 90,327,270. The total profit of iles-iles farming 

for two years planted between rubber plantations is IDR 

90,327,270. The value of the B/C ratio of 1.31 > 0 indicates 

that the iles-iles farming planted between rubber plantations 

is feasible for development. The BEP (Break Event Point) 

value is a condition indicating that the farm has neither a 

profit nor a loss (break even), that is, the income equals the 

total cost. In iles-iles farming planted between productive 

rubber plantations, the BEP was reached at a tuber price of 

IDR 7,139 kg-1  with a production of 2,368 kg ha-1. 

The profit of the intercropping system is determined 

using the Land Equivalent Ratio (LER) analysis, which is the 

ratio between the area required in a monoculture system and 

the unit area of the intercropping system at the same 

management level to provide the same amount of yield in 

monoculture (Jalloh et al., 2003). The scenario results 

between monoculture and intercropping systems are 

presented in Table 4. 

LER = (
1.260

1.014
+  

5.474

9.124
)
 

    = 1.24 + 0.60 

=  1.84 ha 

The total area required for rubber and iles-iles planted 

in a monoculture system to produce the equivalent of one 

hectare in an intercropping system is 1.84. This means that 

the intercropping pattern has advantages compared to 

monoculture. 
 

CONCLUSION 

 

Farming of iles-iles as an intercrop between rubber 

plants during two years of observation did not inhibit the 

growth of rubber plants because it was not significantly 

different (P = 0.255) compared to the monoculture system but 

had a significant effect (P = 0.0013) on the yield of rubber 

latex. The BEP value of this farming system was achieved at 

a wet tuber price of IDR 7,139/kg with a production of 2,368 

kg/ha, while the LER value in this farming system was 1.84. 
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