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Abstract. Muhdi, Hanafiah DS, Butar-Butar RD. 2020. Diversity, biomass, and carbon stock of understorey plants in the rubber 
agroforestry and rubber monoculture systems in Central Tapanuli District, North Sumatra, Indonesia. Biodiversitas 21: 3508-3518. 
Understorey vegetation plays an important role in carbon stock in forest. The objectives of the research were to identify the species of 
understorey, to find out the amount of carbon stored in the understorey, and to compare the understorey carbon stocks in rubber 
agroforestry and rubber monoculture. The research was done in Sijungkang Village, Andam Dewi Sub-district, District of Central 
Tapanuli and Forest Products Chemistry Laboratory, Faculty of Forestry, IPB University, Bogor, Indonesia on August-October 2016. 
The method used was the plant vegetation analysis of a stand and understorey. Destructive sampling method was used to harvest of 

understorey plant in 1 m × 1 m sample plot. The carbon of understorey was analyzed by independent sample t-test. The results showed 
that there were 23 species in rubber agroforestry and 15 species in rubber monoculture. The understorey species dominant of rubber 
agroforestry was Stachytarpheta jamaicensis and rubber monoculture was Asystasia gangetica with important value index 30.64% and 
33.01%, respectively. The average understorey plant biomass in rubber monoculture was 0.94 tons/ha and in rubber agroforestry were 
0.84 tons/ha, respectively. The carbon stocks of understorey in rubber agroforestry were 0.21 tons/ha and in rubber monoculture were 
0.25 tons/ha, respectively. The result of t-test showed that there is not significant difference between carbon stock of understorey in 
rubber agroforestry and rubber monoculture. 
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INTRODUCTION 

Climate change is an environmental issue faced by the 

Indonesian population. Human activities that damage 

forests, such as degradation and deforestation, can increase 

the release of carbon in the atmosphere (Houghton 2013; 

Maxwel et al. 2019). The element carbon (C) which binds 

with oxygen (O2) in the atmosphere will form carbon 

dioxide (CO2) gas. Carbon dioxide is a component of 

greenhouse gases (GHG) that causes climate change 

(Azham 2015). To enable suppress climate change, the 

existence of forests as carbon sinks must be maintained. 
Besides forests, agroforestry systems also play a role in 

carbon sequestration (Atanga et al. 2013; Pala et al. 2020). 

Agroforestry systems have been implemented by 

several regions in Indonesia. The application of 

agroforestry systems is useful as a source of livelihood and 

control of climate change. Agroforestry is a technique 

offered for adaptation to global warming through its role in 

reducing landslides, reducing surface runoff and erosion, 

reducing nutrient loss through leaching, and maintaining 

biodiversity flora and fauna of the soil (Azhar et al. 

2019).
 

All components of the vegetation in the agroforestry 
system, whether in the form of woody plants, agricultural 

crops, and plants that have the potential to absorb CO2 

through photosynthesis. The process of photosynthesis 

produces carbohydrates stored in living plant parts 

(biomass), namely understorey plants, stems, branches, 

twigs, leaves, fruit, etc. Various plants that grow on 

agroforestry land store carbon stocks so that the 

agroforestry system is the right system in climate change 

mitigation strategies (Rijal 2019). Hairiah et al. (2011) 

stated that understorey plants include shrubs with stem 

diameter ˂5 cm, creeping plants, grasses or weeds. Under-

plant biomass is included in the carbon component above 

ground carbon. One of the studies on understorey carbon 
stocks showed that the average understory carbon in 

agroforestry in Pecekelan Village is 0.3 tons/ha and carbon 

in Kertayasa Village is 0.2 tons/ha (Rusolono 2006). 

Biomass of the forest understorey was mainly related to 

the relative abundance and the trait values of the most 

dominant species. Functional diversity indices had impact 

on biomass (Wasof et al. 2018) and how the species 

composition in different forest strata influences ecosystem 

function (Chelli et al. 2019; Ya et al. 2019). 

Rubber trees are now widely used as trees for 

agroforestry systems or used for or used to rehabilitate 

critical land or as reforestation plants (Yang et al. 2020). 
The combination of rubber trees with Shorea sp., Agathis 

dammara, Durio zibethinus, Aquilaria malaccensis, 

Garcinia atroviridis, Parkia speciosa, Archidendron 
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pauciflorum, Theobroma cacao, and other tree and 

seasonal plants is a common sight and is found in many 

smallholdings in Sumatra, especially on sloping lands and 

around buffer zones of national parks or protected forests.  

Sijungkang Village is one of the villages located in 

Andam Dewi Sub-district, Central Tapanuli District, North 

Sumatra Province, Indonesia. Based on data from the 

District Agricultural Leadership published in Central 

Bureau of Statistics Central Tapanuli (2016), Sijungkang 

Village has the largest rubber land in Andam Dewi Sub-
district. The area of rubber land in this village is 265 ha. In 

addition to rubber plants, other agricultural plants such as 

crops, vegetables, fruits are also found in this village. The 

combination of rubber and agricultural plants applied by 

the people of Sijungkang Village forms a rubber 

agroforestry system. Rubber monoculture system is also 

applied by the people in this village. 

Agroforestry and rubber monoculture systems predicted 

to have high carbon stock. According to Chazdon (1998), 

understorey plant plays an important role in absorbing 

carbon. Therefore, research on the carbon stock of 
understorey plants on rubber agroforestry and monoculture 

land needs to be carried out to find out the importance of 

these understorey plants in storing carbon.
 

MATERIALS AND METHODS 

Study area 

The study was conducted in Sijungkang Village, 

Andam Dewi Sub-district, Central Tapanuli District, North 

Sumatra Province, Indonesia (Figure 1). The topography of 

Central Tapanuli District is mostly hilly with an altitude of 

0-1.266 meters above sea level. Central Tapanuli region, 

43,90% are hilly and bumpy. Andam Dewi is a sub-district 

in Central Tapanuli District, North Sumatra Province, 

Indonesia. Andam Dewi Sub-district is located on the west 
coast of Sumatra, 23020'- 34055' NL and 65058'- 76036' EL. 

Andam Dewi Sub-district is divided into thirteen villages, 

covering an area of 122.42 km2 (CBS Central Tapanuli 

2012). Sijungkang Village is the widest village in Andam 

Dewi Sub-district, which is 23.71 km2. Sijungkang Village 

has the largest area of rubber land and rubber production in 

Andam Dewi Sub-district in 2015. The area of rubber land 

in Sijungkang Village is 265 ha with a production of 128 

tons. The other agricultural products found in Sijungkang 

Village are coconut, cocoa and coffee. Sijungkang Village 

also produces crops, such as cassava, corn, sweet potatoes, 
peanuts, and green beans. In addition, Andam Dewi Sub-

district also produces fruits and vegetables (CBS Central 

Tapanuli 2016).
 

 

 
 

  

 

 

 

Figure 1. Map of research locations in Sijungkang Village, Andam Dewi Sub-district, Central Tapanuli District, North Sumatra, Indonesia 

Sijungkang 
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Sijungkang Village is one of the villages in Andam 

Dewi Sub-district, Central Tapanuli District. This village 

has the largest rubber land in the district. This shows that 

the climatic and soil conditions are suitable for rubber plant 

growth. Rubber plants grow optimally in the lowlands with 

an altitude of 200 m asl. Optimal temperature needed 

ranges from 25C to 35C and optimal rainfall between 

2500 mm to 4000 mm/year. Various types of soil can be in 

accordance with the conditions for growing rubber plants 

both young and old volcanic soils, even on peat soils <2 m 

thick. 

Methods of research 

The study was carried out on rubber-based agroforestry 
and monoculture lands. The sample plot size used in this 

study is 0.72 ha. Rubber agroforestry and rubber 

monoculture each have an area of around 1.5 ha so that the 

sampling intensity obtained is 48%. The determination of 

the sampling intensity is based on the Regulation of the 

Minister of Environment and Forestry of the Republic of 

Indonesia Number P.103/Menhut-II/2014 which states that 

the sampling intensity is at least 10%. In both fields, 6 

research sample plots were made, 3 sample plots in 

agroforestry land, and 3 sample plots in monoculture. The 

sample plot used is 40 m × 60 m with a spacing of 1 m. In 
each 3 sample plots were made with a size of 20 × 20 m2 

for an inventory of trees (diameter ≥ 20 cm), 10 × 10 m2 for 

pole inventory (diameter 10 to <20 cm), 5 × 5 m2 for stake 

inventory (diameter <10 cm and height ≥ 1.5 m, 2 × 2 m2 

for seedling inventory (height ≤ 1.5 m) and 1 × 1 m2 for an 

inventory of understorey (grass, herbs, and shrubs). 

Samples of observations were placed in a systematic 

sampling with random start. The sample plot design can be 

seen in Figure 2. 

Research procedure 

Vegetation analysis 

Vegetation data collected were analyzed to obtain the 
value of Relative Density (RD), Relative Frequency (RF), 

Relative Dominance (RD), and Important Value Index 

(IVI) on understorey.
 

Measurement of biomass 

Sample of understorey biomass was carried out by the 

destructive method (taking plant parts as examples). The 

understorey taken as examples is all living plants <5 cm in 

diameter, herbs, and grasses. Data collection of understorey 

in the field is done by harvesting all understorey in sample 

plots measuring 1 m × 1 m. All samples of the understorey 

were then weighed, so that the wet weight of each plot was 

known. The understorey weight wet is the sum of all the 
weight wet of all the understorey plots (Hairiah et al. 

2011). 
 

Analysis in the laboratory 

Analysis in the laboratory includes water content, flying 

content, ash content, and carbon content. Procedure for 

determining levels of flying content using the American 

Society for Testing Materials (ASTM) D 5832-98. 

Procedure for determining ash content using the American 

Society for Testing Materials (ASTM) D 2866-94. 

Determination of carbon content of test samples using the 

Indonesian National Standard (SNI) 06-3730-1995. 

Measurement of test samples from each part of the 
understorey was carried out three replications. 

Data processing 

To test the significance of the difference in the average 

plant carbon stock in agroforestry land and rubber 

monoculture, it is necessary to do a t-test using SPSS 

software. The t-test used was the independent sample t-test. 

The hypothesis of this study is that there are significant 

differences in the carbon stock of understorey in rubber 

agroforestry and rubber monoculture. Therefore, the 

decision making criteria are as follows: (i) If Sig (2-tailed) 

value > 0.05, then H0 is accepted (not significantly 
different). (ii) If Sig (2-tailed) value <0.05, then H0 is 

rejected (significantly different). 
 

 

 
 
Figure 2. Design of sample plot 
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RESULTS AND DISCUSSION 

Structure and composition of stands in rubber 

agroforestry 

The agroforestry system in the object of this study 

includes a simple agroforestry system, which is a land-use 

system that combines trees with one or more seasonal 

species. The condition of rubber agroforestry can be seen in 

Figure 3.A. 

Based on CBS Central Tapanuli (2012), this 

agroforestry is dominated by 10-12 years old rubber plants 
and they are natural rubber plants. The area of this rubber 

agroforestry is 1.5 ha with a spacing of 3 m × 3 m. The 

composition of the types of agroforestry constituent plants 

can be seen in Table 1. 

The constituent composition of agroforestry consists of 

forestry plants and agricultural crops. Hevea brasiliensis, 

Archidendron pauciflorum, Mangifera odorata, Durio 

zibethinus, Artocarpus heterophyllus, Parkia speciosa, 

Nephelium lappaceum, Citrus aurantifolia, and Arenga 

pinnata are forestry plants. Manihot utilissima, Musa 

paradisiaca, Ananas comosus, and Alpinia galangal are 
agricultural crops. Importance value index (IVI) of this 

agroforestry land, in general, ranged from 10 to188. These 

values match with the range of 10 to 77 in a subtropical 

forest in north India (Singh et al. 2011). IVI is used to 

determine the overall importance of each species in the 

community structure. Species with the greatest importance 

value are the primary dominant species of specified 

vegetation (Simon and Girma 2004).
 

Based on the analysis of vegetation, it is obtained that 

the trees that dominate on agroforestry land are rubber trees 

with an IVI value of 188.44% and the lowest on durian, 
which is 10.57%. IVI of a type is a value that describes the 

role of the existence of a type in a community. The greater 

the IVI of a type, the greater the role of that type in the 

community. The highest IVI value in rubber plants shows 

that the role of these types is very large in a community. 

The tree-level importance index for rubber agroforestry can 

be seen in Table 2. 

The large value of IVI on rubber trees is caused by 

rubber plants being planted as the main crop in this 

agroforestry system. Rubber tree sap production is used by 

agroforestry landowners as a source of livelihood. Other 

plants such as Archidendron pauciflorum, Artocarpus 

heterophyllus, Parkia speciosa, Mangifera odorata, and 

Durio zibethinus were planted earlier in agroforestry land 

as crops for consumption. Idris et al. (2013) state a plant 
species can play a role if the IVI for tree levels is more than 

15%. From the analysis of tree-level vegetation, the types 

that play a role are Hevea brasiliensis, Archidendron 

pauciflorum, Artocarpus heterophyllus, and Parkia 

speciosa. In addition to modest biodiversity benefits, 

rubber agroforests could provide additional ecosystem 

functions and services. Integration of native trees into 

rubber improves water infiltration, improving and 

stabilizing soil (Langenberger et al. 2017), while reducing 

herbicide use, decreases runoff, soil erosion and loss of 

total organic soil carbon (Liu et al. 2016).
 
 

Table 1. Species composition in rubber agroforestry 

 

Local name Botanical name 

Karet Hevea brasiliensis 
Jengkol Archidendron pauciflorum 
Kuweni Mangifera odorata 
Durian Durio zibethinus 
Nangka Artocarpus heterophyllus 

Petai Parkia speciosa 
Rambutan Nephelium lappaceum 
Jeruk nipis Citrus aurantifolia 
Aren Arenga pinnata 
Singkong Manihot utilissima 
Pisang Musa paradisiaca 
Nanas Ananas comosus 
Lengkuas Alpinia galangal 

 

 
 

  
 
Figure 3. A. Rubber agroforestry, B. Rubber monoculture 

A B 
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Table 2. Importance Value Index species composition in rubber agroforestry 
 

Local 

name 
Botanical name Density 

RD 

(%) 
Frequency 

RF 

(%) 
Dominance RD (%) IVI (%) 

Rubber Hevea brasiliensis 52.78 63.33 0.78 43.75 36.71 81.36 188.44 
Jengkol Archidendron pauciflorum 13.89 16.67 0.33 18.75 4.87 10.80 46.22 
Jackfruit Artocarpus heterophyllus 5.56 6.67 0.22 12.5 0.72 1.60 20.77 
Petai Parkia speciosa 5.56 6.67 0.22 12.5 0.58 1.29 20.46 

Kuweni Mangifera odorata 2.78 3.33 0.11 6.25 1.79 3.96 13.54 
Durian Durio zibethinus 2.78 3.33 0.11 6.25 0.45 0.99 10.57 
Total  83.35 100 1.77 100 45.12 100 300 

 

 

 

Structure and composition of stands in rubber 

monoculture  

Types of rubber plants in this monoculture land are PB 

260 rubber clones which are 8-12 years old. PB 260 clone 
was included in the latex producing clone which had been 

recommended by the Sembawa Research Center-Rubber 

Research Center for the period 2006-2010. PB 260 clone is 

one of the selected rubber clones for Sumatra and 

Kalimantan. Several types of clones that have been selected 

for rubber-based agroforestry systems including PB 260 

provide good results, fast stem growth, and can adapt to the 

conditions of community plantations whose management 

conditions are not as good as large plantations (Joshi et al. 

2001). The shape of the canopy and the condition of rubber 

monoculture can be seen in Figure 3.B. 

The area of monoculture planted with rubber plants is 
around 1.5 ha with a spacing of 3 m × 5 m and 3 m × 6 m. 

The results of tree-level vegetation analysis showed that the 

Hevea brasiliensis frequency of 0.56 with important value 

index is 300%. Value of relative density and relative 

frequency is 100% and the dominance is 28.24 in rubber 

monoculture.
 

Based on the analysis of tree-level vegetation data 

obtained that the value of the density of rubber plants is 

41.67 individuals/ha. This density value is smaller than the 

density of trees in agroforestry. This is caused by the 

spacing in agroforestry is closer than monoculture. 
According to Nissen et al. (2001), particularly planting 

density plays a vital role in the growth of trees and also 

influences the function and structure of the forest 

ecosystem. Furthermore, Wang (2015), the decreased tree 

growth with high planting density can be due to 

competition over growing resources such as light, water, 

and nutrients which in turn affects crown size, synthesis of 

carbohydrates and hormonal growth regulators (Dong et al. 

2015) that finally can affect to biomass. 
 

The value of the frequency of rubber trees in 

monocultures is 0.56. This frequency value indicates that 
the spread of rubber plants at the tree level is not evenly 

distributed. This is likely due to differences in the time of 

planting rubber so that rubber which is planted earlier is 

only found in a few plots. 

Structure and composition of understorey plant in 

rubber agroforestry and monoculture 

Based on the results of an inventory of understorey 

plants in Sijungkang Village, Andam Dewi Sub-district, 

Central Tapanuli District, North Sumatra Province, 

obtained 23 species of understorey plants in rubber 

agroforestry and 15 understorey plant types in rubber 

monoculture. In total, all species of understorey plant found 
at these two locations were 28 species. Understorey species 

in rubber agroforestry and monoculture can be seen in 

Table 3 and Table 4. 

The number and species of understorey plant in rubber 

agroforestry is higher than that of rubber monoculture. This 

is caused by land management in the form of spraying 

weeds in monoculture more intensively than agroforestry. 

This is in accordance with the statement of Langi (2007) 

which states that the existence of understorey plant on land 

owned is very dynamic. This is due to the management 

carried out by farmers on several types of land which is 

quite intensive so that the presence of understorey plants is 
very dynamic. More intensive management in the rubber 

monoculture land causes the growth of understorey species 

to be lower. Besides, this may be due to the high number of 

species richness in rubber agroforestry compared to rubber 

monoculture. Misgana et al. (2010) said that the species 

richness also showed the variation between the two agro-

ecological parkland agroforestry. 
 

Correspondingly, agroforestry systems have been well 

recognized as an improvement on monocultures and being 

closer to native forests (Chaudhary et al. 2016). They can 

provide a wide variety of goods (e.g. rubber, coconut, 
coffee, or cacao), reduce poverty, increase carbon storage, 

enhance soil fertility and improve water and air quality 

(Jose 2009). Growing trees with agricultural crops can also 

produce high-value wood products and bioenergy, 

minimize the risk of pest outbreaks and enhance 

biodiversity (Nerlich et al. 2013).
 

Based on the results of the inventory there are ten 

species of understorey plant that are always found in these 

two locations, including Ramuk-Ramuk (Borreria 

latifolia), Sanggul Lote (Porophyllum ruderale), Rumput 

Teki (Cyperus rotundus), Rumput Setaria (Setaria 
sphacelata), Salhot Babi (Paspalum conjugatum), 

Belimbing Tanah (Oxalis barrelieri), Simarbau-bau 

(Cromolaena odorata), Rumput Keriting (Diodia 

sarmentosa), Kacang Asu (Calopogonium mucunoides), 

dan Simarriman-riman (Lygodium microphyllum). The 

similarity of understorey plant species found in the two 

locations was due to the species having a wide tolerance 

limit to light intensity and nutritional competition which 

were considered as very important factors in plant growth. 
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The number of understorey plant species found only in 

agroforestry and rubber monoculture is 18 species. Species 

that are only found in a location show that these species 

have a narrow tolerance limit to light intensity so that 

differences in canopy cover in agroforestry and 

monoculture cause these species are only found in one 

location (Fitter and Hay 1991). The importance value index 

of understorey plants in rubber agroforestry and rubber 

monoculture can be seen in Table 5 and Table 6.
 

Based on Table 5 and Table 6, the type of understorey 
plant that predominates in rubber agroforestry is Situdu 

Langit (Stachytarpheta jamaicensis) with an IVI of 30.64% 

and in rubber, monoculture is Ara Sungsang (Asystasia 

gangetica) of 33.01%. Indriyanto (2006) states that the 

dominant species (in power) in a plant community will 

have a high importance value index, so that the most 

dominant species certainly has the highest importance 

value index. Types of understorey plant that dominate in 

each location can be seen in Figure 4. 

Understorey plant species that have the lowest IVI in 

rubber agroforestry are Paku Harupat (Nephrolepis 

bisserata), Andorpalas (Tetracera indica), Rumput Teki 

(Cyperus rotundus), Simarriman-riman (Lygodium 

microphyllum), and Sanduduk Bulu (Clidemia hirta) with 

IVI of 2.47%, whereas in rubber monoculture were Kacang 
Asu (Calopogonium mucunoides) and Simarriman-riman 

(Lygodium microphyllum) with an IVI of 2.56%. RD and 

RF values are also the lowest. This shows that the lowest 

vegetation was found in the sample plot and the lowest 

spread rate.  

 

 

 

  
 
Figure 4. Types of understorey plants. A. Stachytarpheta jamaicensis, B. Asystasia gangetica 

 
 

 
Table 3. Types of understorey in rubber agroforestry 
 

Local name Botanical name 
Total 

number 

Situdu langit Stachytarpheta jamaicensis 42 
Bawang- bawangan Eleutherine americana 21 
Rumput sabut Ottochloa nodosa 15 
Salhot babi Paspalum conjugatum 15 
Paku pita Vittaria elongata 14 
Rumput tali Desmodium triflorum 13 

Lalang Imperata cylindrica
 13 
Ria-ria Scleria sumatrensis 8 
Rumput setaria Setaria sphacelata 6 
Sanduduk  Melastoma malabathricum 6 
Simarbau-bau Cromolaena odorata 5 
Rumput jenggot Sporobolus indicus 5 
Belimbing tanah Oxalis barrelieri 4 
Sanggul lote Porophyllum ruderale 3 

Rumput keriting Diodia sarmentosa 2 
Kacang asu Calopogonium mucunoides 2 
Ramuk-ramuk Borreria latifolia 2 
Nasi-nasi Sauropus androgynus
 2 
Pahu harupat Nephrolepis bisserata 1 
Andorpalas Tetracera indica 1 
Rumput teki Cyperus rotundus 1 
Simarriman-riman Lygodium microphyllum 1 
Sanduduk bulu Clidemia hirta 1 

Total  183 

 
Table 4. Types of understorey in rubber monoculture 
 

Local name Botanical name 
Total 

number 

Ara sungsang Asystasia gangetica 32 
Ramuk-ramuk Borreria latifolia 26 
Rumput rotan Echinochloa colona 22 
Sanggul lote Porophyllum ruderale 20 
Rumput teki Cyperus rotundus 14 
Akar wangi Polygala paniculata 13 

Rumput setaria Setaria sphacelata 9 
Salhot babi Paspalum conjugatum 8 
Sentro Centrosema pubescens 6 
Belimbing tanah Oxalis barrelieri 4 
Simarbau-bau Cromolaena odorata 4 
Sitanggis Belamcanda chinensis 3 
Rumput keriting Diodia sarmentosa 3 
Kacang asu Calopogonium mucunoides 1 

Simarriman-riman Lygodium microphyllum 1 
Total  166 

 
 
 
 
 
 

 
 

A B 
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Table 5. Importance Value Index of understorey in rubber agroforestry 

 

Local name Botanical name Density RD (%) Frequency RF (%) IVI (%) 

Situdu langit Stachytarpheta jamaicensis 46666.67 22.95 0.44 7.69 30.64 
Bawang-bawangan Eleutherine americana 23333.33 11.48 0.44 7.69 19.17 
Rumput sabut Ottochloa nodosa 16666.67 8.20 0.56 9.62 17.82 
Rumput tali Desmodium triflorum 14444.44 7.10 0.44 7.69 14.79 

Lalang Imperata cylindrica
 14444.44 7.10 0.44 7.69 14.79 
Salhot babi Paspalum conjugatum 16666.67 8.20 0.33 5.77 13.97 
Ria-ria Scleria sumatrensis 8888.89 4.37 0.44 7.69 12.06 
Paku pita Vittaria elongata 15555.56 7.65 0.22 3.85 11.50 
Sanduduk  Melastoma malabathricum 6666.67 3.28 0.33 5.77 9.05 
Rumput setaria Setaria sphacelata 6666.67 3.28 0.22 3.85 7.13 
Simarbau-bau Cromolaena odorata 5555.56 2.73 0.22 3.85 6.58 
Sanggul lote Porophyllum ruderale 3333.33 1.64 0.22 3.85 5.49 
Rumput keriting Diodia sarmentosa 2222.22 1.09 0.22 3.85 4.94 

Ramuk-ramuk Borreria latifolia 2222.22 1.09 0.22 3.85 4.94 
Rumput jenggot Sporobolus indicus 5555.56 2.73 0.11 1.92 4.65 
Belimbing tanah Oxalis barrelieri 4444.44 2.19 0.11 1.92 4.11 
Kacang asu Calopogonium mucunoides 2222.22 1.09 0.11 1.92 3.01 
Nasi-nasi Sauropus androgynus
 2222.22 1.09 0.11 1.92 3.01 
Pahu harupat Nephrolepis bisserata 1111.11 0.55 0.11 1.92 2.47 
Andorpalas Tetracera indica 1111.11 0.55 0.11 1.92 2.47 
Rumput teki Cyperus rotundus 1111.11 0.55 0.11 1.92 2.47 

Simarriman-riman Lygodium microphyllum 1111.11 0.55 0.11 1.92 2.47 
Sanduduk bulu Clidemia hirta 1111.11 0.55 0.11 1.92 2.47 
Total  203333.3 100 5.78 100 200 

 

 

 
Table 6. Importance Value Index of understorey in rubber monoculture 

 

Local name Botanical name Density RD (%) Frequency RF (%) IVI (%) 

Ara sungsang Asystasia gangetica 35555.56 19.28 0.78 13.73 33.01 
Ramuk-ramuk Borreria latifolia 28888.89 15.66 0.67 11.76 27.42 
Rumput rotan Echinochloa colona 24444.44 13.25 0.44 7.84 21.09 
Sanggul lote Porophyllum ruderale 22222.22 12.05 0.44 7.84 19.89 
Rumput teki Cyperus rotundus 15555.56 8.43 0.56 9.80 18.23 

Salhot babi Paspalum conjugatum 8888.89 4.82 0.56 9.80 14.62 
Akar wangi Polygala paniculata 14444.44 7.83 0.33 5.88 13.71 
Rumput setaria Setaria sphacelata 10000.00 5.42 0.44 7.84 13.26 
Belimbing tanah Oxalis barrelieri 4444.44 2.41 0.33 5.88 8.29 
Rumput keriting Diodia sarmentosa 3333.33 1.81 0.33 5.88 7.69 
Sentro Centrosema pubescens 6666.67 3.61 0.22 3.92 7.53 
Simarbau-bau Cromolaena odorata 4444.44 2.41 0.22 3.92 6.33 
Sitanggis Belamcanda chinensis 3333.33 1.81 0.11 1.96 3.77 
Kacang asu Calopogonium mucunoides 1111.11 0.60 0.11 1.96 2.56 

Simarriman-riman Lygodium microphyllum 1111.11 0.60 0.11 1.96 2.56 
Total  184444.4 100 5.67 100 200 

 
 
 
 

In most of these studies, forest control usually presents 

a much higher diversity, especially because it is supposed 

to be more complex in terms of botanical composition and 

vegetation structure. Deheuvels et al. (2014) found that 

cocoa-based agroforests in Talamanca were significantly 

less diverse than neighboring forest patches. Besides, forest 

patches do not only have a higher number of terrestrial 

plant species than cocoa agroforests, but plant species 

composition in nearby forest patches differs strongly from 

cocoa agroforests. 

Diversity index and uniformity index 

Based on observations obtained the diversity index (H') 

of understorey plant in rubber agroforestry was 2.62 and in 

rubber monoculture was 2.35. Index of understorey plant 

diversity in rubber agroforestry is higher than monoculture 

due to the number of understorey plant species found more 

in rubber agroforestry. This is consistent with the statement 

of Indriyanto (2006) which states that the diversity of 

species of a community is high if the community is 

composed of many types. Conversely, a community is said 
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to have low species diversity if the community is composed 

of a few types and only a few dominant species (Wasof et 

al. 2018). Furthermore Loreau and Hector (2001), diversity 

can also increase productivity through selection effects, 

where communities that contain a larger sample of the 

species pool are more likely to contain high functioning 

species that contribute strongly to ecosystem 

productivity.
 

The index value of understorey plant diversity obtained 

at these two locations is in the medium category. Mason 
(1980) states that if the diversity index value is less than 1, 

it means that species diversity is low, if between 1-3 means 

moderate species diversity, if greater than 3 means high 

species diversity. Index of understorey diversity which is 

classified as moderate at these two locations shows that 

environmental factors affect the diversity of plant species 

that can grow in environmental conditions such as 

Sijungkang Village. According to Sofiah et al. (2013), the 

composition and diversity of plant species in an area 

depend on several environmental factors, such as humidity, 

nutrients and minerals, sunlight, topography, host rock, soil 
characteristics, canopy structure and historical land use.
 

Uniformity Index (E) of understorey plant in rubber 

agroforestry is 0.83 and in rubber monoculture is 0.87. This 

value indicates that the uniformity of understorey plants in 

both locations is relatively high. This means that different 

types of understorey plants in both locations are classified 

as few. Krebs (1985) states that the Uniformity Index is 

low when 0 <E <0.5 and uniformity is high if 0.5 <E <1.
 

Water content 

Based on the results of laboratory analysis, the average 

water content of understorey plants in rubber agroforestry 
was 204.23% and in rubber monoculture was 332.42%. 

The results of the analysis showed that the largest average 

water content was found in the understorey plant in rubber 

monoculture. The difference in water content in the two 

locations is caused by the types of understorey plants at the 

two locations also differ so that the difference in water 

content in each understorey plant affects the average value 

of the water content at each location. Recapitulation of 

understorey water content in rubber agroforestry and 

rubber monoculture can be seen in Table 7.
 

The percentage of water content obtained in each plot 

shows a value higher than 100. Hani (2012) states that the 
water content of material shows the amount of water 

content of the unity of the weight of the material which can 

be expressed in percent of wet weight (wet basis) or in 

percent dry weight (dry basis). Wet weight water content 

has a theoretical maximum limit of 100%, while the dry 

weight water content can be more than 100%. The results 

of the calculation of the water content showed that the 

water content of the understorey plant in rubber agroforestry 

and rubber monoculture ± 3.6 times the dry weight.
 

The water content in rubber monoculture is greater than 

rubber agroforestry caused by interspecific competition for 
water between rubber trees and the other plant in 

agroforestry systems. According to Wu et al. (2016), to 

avoid intense competition with the interplanted species for 

water, rubber trees expanded their water absorption zone to 

the deep soil layer. This response not only satisfied the 

demand for water by rubber trees, but also avoided 

excessive intraspecific competition and expanded the 

nutrient absorption zone to facilitate nutrient uptake by 

rubber trees. In addition, there was no evidence that this 

inevitable competition had a negative effect on rubber 

trees. In contrast, the competition greatly improved the 

WUE of rubber trees to reduce excessive water use; this is 

beneficial for water conservation in the rainy season, and 

ensures a normal water demand for plant growth under 
water shortages in the dry season. 

Understorey plant biomass 

Average understorey plant biomass in rubber 

agroforestry and rubber monoculture was 0.89 tons/ha. The 

average understorey plant biomass in rubber monoculture 

(0.94 ton/ha) is greater than in rubber agroforestry (0.84 

ton/ha). Although the number of understorey plant species 

in rubber agroforestry is greater than that of rubber 

monoculture, this species diversity does not affect the 

amount of biomass. Sullivan et al. (2017), indicating that 

diversity is not a correlate of the key structural factors that 
lead to high biomass in some tropical forest stands. 

Recapitulation of understorey plant biomass in rubber 

agroforestry and rubber monoculture can be seen in Table 8. 

The average of understorey plant biomass in rubber 

monoculture is greater than in agroforestry due to the lower 

stand density in monoculture so that the canopy in 

monoculture land is more open. This canopy transparency 

causes sunlight to reach the lower vegetation. Azham 

(2015) states that the closer the canopy of trees making up 

a land, the understorey plant biomass will decrease due to 

lack of sunlight reaching the forest floor, causing the 
growth of under vegetation to be depressed and unable to 

grow. Furthermore, interspecific competition for light, 

moisture, and nutrients between planted seedlings and 

surrounding vegetation are believed to be a principal factor 

affecting the growth and survival of planted seedlings in 

plantations (Zhang et al. 2008).
 

At plantation stand level, biomass production increases 

with increasing stand density due to the biomass of the 

extra trees compensating for the decrease in the size of 

individuals (Dickens et al. 2004). The result of study 

Farooq et al. (2019) that larger biomass of needles, bark, 

stem, stump root, and coarse roots was recorded for trees in 
intermediate-density stand than either the low or high-

density stand. The above-ground biomass was the largest in 

intermediate-density stand followed by the low-density 

stand and the smallest being in high-density stand.
 

Understorey plant carbon 

Average of understorey plant carbon stock in rubber 

agroforestry and rubber monoculture was 0.23 tons/ha. The 

average of the plant carbon stock in rubber monoculture 

(0.25 tons/ha) is greater than in rubber agroforestry (0.21 

tons/ha). This is caused by the average understorey plant 

biomass in the rubber monoculture is higher than rubber 
agroforestry. According to Ariani et al. (2014), the amount 

of stored carbon is closely related to biomass storage. The 

ability of vegetation to store biomass directly can describe 
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the condition of carbon storage in a forest area. This is 

because carbon is a fraction of CO2 absorbed by green 

vegetation which is then broken down into biomass and 

stored in the form of carbon. The quantity of carbon 

deposits is directly proportional to the quantity of biomass 

deposits. Recapitulation of understorey plant carbon in 

rubber agroforestry and rubber monoculture can be seen in 

Table 9. 

Table 8 and Table 9 show that the average value of 

understorey plant biomass in rubber monoculture is also 
followed by the average value of carbon stock in rubber 

monoculture. Based on these data, where is the stand 

density that affects the understorey biomass will also affect 

the understorey carbon stock. Chanan (2012) states that 

carbon storage is strongly influenced by biomass. 

Therefore Latifah et al. (2018) state that indigenous 

agroforestry technique is effective technique to increase 

carbon stocks.  
The number of understorey species in rubber 

monoculture is lower than agroforestry, but the carbon 

stock of understorey in rubber monoculture is greater. This 
is due to the intensity of light obtained by the understorey 

plants in rubber monoculture is higher than rubber 

agroforestry. C storage of land becomes greater if the soil 

fertility is good, or in other words, the amount of C stored 

above the ground (plant biomass) is determined by the 

amount of C stored in the soil (Chefetz 2007). Rusolono 

(2006) shows the average of plant carbon in agroforestry in 

Pecekelan Village, Central Java, and Kertayasa Village, 

West Java is 0.3 tons/ha and 0.2 tons/ha. Siarudin et al. 

(2014) in the Balantieng watershed, South Sulawesi show 

that the carbon stock of understorey in mixed gardens is 
0.002 tons/ha and in rubber monoculture is 0.006 tons/ha. 


 

Our results are different from those of Santhyami et al. 

(2018), where total aboveground C-stock in biomass was 

six to ten times higher in the cacao-based agroforestry than 

in monoculture cacao. This difference is due to differences 

in undergrowth species in monoculture and agroforestry 

systems. Agroforestry systems are thus recognized to have 

the potential to regain some of the carbon lost to the 

atmosphere in the clearing of primary or secondary forests. 

Although neither it can come close to replacing the full 

amount of carbon that was present in the primary forest, 
agroforestry systems have the added benefit of providing 

valuable products and food to local people. To estimate 

how met or agroforestry capacity is in storing carbon, it is 

necessary to compare it with natural forests.  

Several studies have assessed the carbon stock of 

natural forests, Simorangkir (2016) in the arboretum and 

Pondok Buluh Training Forest with an average carbon 

stock of 4.095 tons/ha. When compared with carbon stocks 

found in forests, the carbon research in agroforestry and 

rubber monoculture in Sijungkang Village is smaller (0.23 

ton/ha). Based on the results of the study of carbon stocks 
obtained data that the carbon stock of understorey in 

agroforestry and monocultures on community land is 

smaller than the carbon stock of understorey contained in 

the forest. According to Wang et al. (2016), many factors 

can affect the forest ecosystem carbon and nitrogen stocks 

by affecting the carbon and nitrogen processes between 

plants and soil in the forest ecosystem. Furthermore, 

Weifeng et al. (2011) said that the structure and 

composition of vegetation (tree species, density, etc.) affect 

the aboveground biomass carbon. Some researchers 

indicated that differences of carbon stocks in plant stands 

depend on part of plant (Muhdi et al. 2019) and improved 

forest management can diminish CO2 emissions Putz et al. 

(2008) and stand damages (Purwoko et al. 2018). 

The understorey vegetation (shrub and herb layers) is 
also an important part of the forest ecosystem and plays an 

important role in nutrient turn-over and cycling (Creamer et 

al. 2015; Manuel et al. 2015). Different understorey 

vegetation with different carbon and nitrogen stocks can 

alter the soil microbes (Sun et al. 2017), soil properties and 

structure (Mihoc et al. 2016) and soil temperature and 

water content (Gurlevik et al. 2004) which may ultimately 

have a great influence on soil carbon and nitrogen (Pan et 

al. 2018). 
 
Table 7. Recapitulation of understorey water content in rubber 
agroforestry and rubber monoculture 
 

No. Plot 

Water content in 

rubber agroforestry 

(%) 

Water content in 

rubber monoculture 

(%) 

I 203.06 273.46 
II 236.10 321.19 
III 173.54 402.61 

Means 204.23 332.42 

 

 

Table 8. Recapitulation of understorey biomass in rubber 
agroforestry and rubber monoculture 
 

Area Plot 
Biomass 

(ton/ha) 

Rubber agroforestry I 1.32 
 II 0.89 

 III 0.32 
 Means 0.84 
    
Rubber monoculture I 0.71 
 II 1.77 
 III 0.34 
 Means 0.94 
Means  0.89 

 

 
Table 9. Recapitulation of understorey carbon in rubber 
agroforestry and rubber monoculture 
 

Area Plot 
Carbon 

(ton/ha) 

Rubber agroforestry I 0.31 
 II 0.23 
 III 0.07 
 Means 0.21 
   
Rubber monoculture I 0.18 
 II 0.43 
 III 0.08 

 Means 0.25 
Means  0.23 
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Table 10. Recapitulation of independent sample t-test for 
understorey on rubber agroforestry and rubber monoculture 

 

Area Carbon average 
Average carbon 

difference 

Rubber agroforestry 0.21 
0.04 

Rubber monoculture 0.25 

 

Independent sample t-test  
Recapitulation of independent sample t-test of 

understorey carbon on rubber agroforestry and rubber 

monoculture can be seen in Table 10.
 

Based on the results of the independent sample t-test at 

a 95% confidence interval, data were obtained that the 

carbon stock of the understorey plants in rubber 

agroforestry and rubber monoculture was not significantly 

different (hypothesis rejected). This is caused by land 

management factors in rubber agroforestry and rubber 

monoculture. Land management such as weed spraying in 

rubber monoculture is more intensive, but the density of the 
rubber stands to make up the monoculture land is lower 

compared to rubber agroforestry. This causes the 

vegetation to grow faster because of the openness of the 

canopy. Differences in land management such as weed 

spraying and differences in the density of the compilers of 

the rubber agroforestry and rubber monoculture stands 

cause the number of individuals and the size of understorey 

plants in the two areas was not different, so that the carbon 

stocks were also not significantly different. Some previous 

studies that show significant differences in carbon and 

nitrogen stocks among different forest ecosystems, and the 
differences were mostly attributed to the differences in 

compositions of tree species (Hansson et al. 2013; He et al. 

2013; Yang et al. 2014). This result indicates the 

importance of understory vegetation as a characteristic 

classification symbol of forest in the estimation of forest 

ecosystem carbon. 
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