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Abstract  

 

The purpose of this research was to look into the diversity of species and carbon storage in 

agroforestry systems in the Forest for Special Purpose at Aek Nauli, North Sumatera Province, 

Indonesia. A total of 60 subplots, 1.0x1.0m were used to represent different undergrowth 

species in the agroforestry system. By identifying constituent species in the agroforestry 

system, the diversity of undergrowth species was studied, and the potential for biomass and 

carbon storage of undergrowth and litter was measured and analyzed. Undergrowth species in 

agroforestry Toona sureni and Coffee Arabica are significantly richer in plant species (27 

species vs. 14 in agroforestry P. Merkusii and C. Arabica). The results showed that the 

diversity undergrowth was categorized as moderate, and the evenness indices were low, 

ranging from 0.33 to 44. In the agroforestry system, the mean biomass of undergrowth was 

1.65 tons ha-1, and the carbon storage of undergrowth was 0.43 tons ha-1. Meanwhile, litter 

biomass was 5.18 tons ha-1 on average, with 2.5 tons ha-1 of litter carbon storage. Both biomass 

and carbon storage of undergrowth and litter in agroforestry T. Sureni, and C. Arabiba vs. P. 

Merkusii and C. Arabica are significantly different. By applying sustainable agroforestry 

management in forests for special purposes, this study helps with future climate change 

adaptation and mitigation.  
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Introduction  

 As is the case with many other land use systems, since the Kyoto Protocol, agro-

forestry has gotten more attention as a strategy for sequestering carbon (C) and mitigating 

global climate change. Of all the land uses studied in the IPCC Land Use, Land Use Change, 

and Forestry reports, agroforestry has been identified as having the greatest potential for C 

sequestration. Agroforestry has a lot of promise for absorbing carbon and providing biomass for 

biofuels [1-3]. 

Research on biomassa and carbon storage in various types of land use has been carried 

out in Indonesia [3, 4]. However, there hasn't been much talk regarding biomass and carbon 

storage in forests for special purposes with agroforestry systems that have conservation value 

and simultaneously have an economic function. 

Forest for Special Purpose (KHDTK) Aek Nauli Simalungun Regency in North 

Sumatera Province has an area of 1900 ha at an altitude of 1.200 meters above sea level, often 

used as a place for research. Based on its composition, Aek Nauli Forest is divided into two 
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types: homogeneous forests with a predominance of pine stands (Pinus merkusii) and 

heterogeneous natural forests. 

Agroforestry practices in the natural forest have been carried out by combining Toona 

sureni and coffee arabica, as well as many shrubs growing under tree stands. Increasing carbon 

stock through forest expansion can help to minimize greenhouse gas emissions. Agroforestry 

systems are projected to have a lot of carbon storage potential in the form of biomass [5, 6].  

For two reasons, agroforestry has the ability to sequester considerable amounts of 

carbon.To begin with, the current crop and pastoral systems cover a wide region.Second, while 

carbon storage density is modest in contrast to forest, the woody biomass of the agroforestry 

system could provide a local fuel source.This fuel would relieve pressure on the area's surviving 

forests while also acting as a fossil fuel substitute.These consequences are significant since the 

most effective strategy to use land for atmospheric carbon stabilization is to substitute wood 

fuel for fossil fuel rather than reforestation [7]. 

Various institutions are working to reduce CO2 concentrations through various strategies 

such as reducing energy use, developing low or no carbon fuel technology, and CO2 absorption 

by forestry, agroforestry, and engineering [2, 5]. Among all the techniques, agroforestry is 

recognized as an important way to reduce CO2 emissions and increase carbon sequestration. 

Agroforestry offers a one-of-a-kind chance to integrate climate change adaptation and 

mitigation goals [9]. 

Measuring biomass and carbon is critical for determining how much carbon plants can 

absorb [8].Quantification of vegetation carbon stocks is needed to evaluate the potential for 

carbon sequestration in ecosystems [5, 9]. In accordance with the set rotation time, sustainable 

forests would have the potential to trap carbon in increasing amounts and for longer periods of 

time. 

The goal of this research was to (i) investigate the undergrowth species diversity and (ii) 

estimate biomass and carbon storage in agroforestry Pinus Merkusii with Coffee Arabica and 

Toona Sureni with C. Arabica, expressed in tons ha-1 of oven-dry weight/unit area. 

 

Materials and methods 

 

 Study area  

Agroforestry research site for special-purpose forest Aek Nauli in Simalungun Regency, 

North Sumatra, Indonesia. The survey was conducted from April to May 2016. Precipitation in 

the Aek Nauli region belongs to Type A according to the Smith and Ferguson classification, 

with an average rainfall of 2199.4 to 2452.0mm and monthly average temperatures of 23 to 

24°C. This forest has a temperature range of 2 to 24°C.At 15%, it is divided into flat areas and 

flat valleys in the hills. 

 Research material  

Agroforestry in Forests for Special Purposes The Aek Nauli-North Sumatera region was 

established. Coffee arabica was planted under Toona Sureni Merr and Pinus Merkusii. 

Differences in shade tree species may have an impact on undergrowth and litter species 

diversity, biomass, and carbon storage.The focus of the research was on species diversity and 

carbon storage in the agroforestry system's undergrowth and litter. A tally sheet, digital 

cameras, raffia rope, GPS (Global Positioning Systems), a compass, a wooden cane or bamboo, 

machetes, and a wooden quadrant were among the tools utilized in this study. 

Materials used in this research were T. Sureni, P. Merkusii, and Coffee Arabica. T. 

sureni and T. merkusii are 3.0x2.0m apart, while C. Arabica and P. Merkusii are 3.0x3.0m 

apart. While T. Sureni is 14 years old, C. Arabica is 4-5 years old, and P. Merkusii is 12–14 

years old. 
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Techniques of data collection  

According to the agroforestry system's plant species, a total of 6 plots measuring 

20x100m were installed. Placements of plots were conducted by systematic random sampling. 

Ten 1.0x1.0m subplots were employed for each sample plot to quantify species diversity, 

biomass, and carbon storage of undergrowth species and litter. The arrangement and size of 

sample plots and subplots are depicted in figure 1.  

 

 
 

Fig. 1. The size and shape of the plots and subplots 

 

Data Analysis 

The Importance Value Index (IVI). The Importance Value Index is used to determine the 

species composition and dominating species in agroforestry undergrowth [10-12]: 

 

IVI = RD + RF     (1) 

 

where: RD stands for Relative Density, and RF is for Relative Frequency. 

As detailed in [10] and [12], we examined the regeneration status of all species of 

undergrowth and recorded density, frequency, relative density, relative frequency, and value of 

importance (IV). 

Indices of Diversity and Evenness. The Shannon-Wiener Diversity Index (H') was used 

to assess species diversity [10-14]: 

 
                              n 

 H’ = - ∑s pi ln pi        (2) 

           i =1 

where: H' represents the Shannon-Wiener Diversity Index, S represents the number of species, 

pi represents the fraction of individual species, and ln is the log base n. 

When H' denotes a lack of diversity, H' > 1 and 3 indicate moderate diversity, and H' > 3 

denotes a high level of variety. The species evenness index determines the level of undergrowth 

species evenness in agroforestry [10, 14]: 

 

 E' = H‘ln (S)      (3) 

  

where: E’ is the species evenness index, H denotes the Shannon-Wiener Diversity Index, and S 

denotes the total number of species. When E’ is 0.5–1.0, the species evenness index is high, and 

when E’ is 0.0-0.5, the species evenness index is low. 

Consequently, the larger the value of E’, the more uniformly the species is dispersed in 

the community. 

Measurement of biomass and carbon storage  

The direct and indirect approaches [2, 15, 16] are the two most often used approaches for 

estimating biomass.The direct or destructive method entails harvesting or retrieving the entire 

litter and undergrowth vegetation and directly weighing each component to determine its 

biomass. To estimate biomass in this study, a destructive sample method (or harvesting 
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approach) was applied. Harvesting all of the components allowed the biomass of understory 

vegetation and litter to be measured [17]. 

The destructive sampling method is more accurate than using an allometric equation to 

estimate undergrowth vegetation and litter biomass. Because all of the generated allometric 

equations are fitted (derived) using the destructive sampling method [18], all of the developed 

allometric equations are derived from biomass data. The undergrowth littter biomas and carbon 

storage were calculated using equations as follows: 

The following formula was used to compute the percentage of water content (WC) [3]. 

 

         WC (%) = 100x(FW-ODW)/ODW,                   (4) 

  

where: WC (%) denotes the percentage of water content, ODW denotes the oven dry weight of 

the test sample (g), and FW is the fresh weight of the test sample (g).  

The following equation is used to calculate biomass based on water content data [3]: 

 

ODW = FW x [ 1 + (WC)/100],       (5) 

      

where: ODW denotes the test sample's oven dry weight (g); FW denotes the sample's fresh 

weight (g), and % WC = water content percentage. 

Levels of volatile were calculated based on the following equations: 

 

Volatile substances (%) = 100x(A – B)/A,      (6) 

     

where: A = the dry weight of the furnace at 105°C, B = the weight of the sample used in the 

test. 

The following formula is used to determine the amount of ash in a product: 

  

Ash content (%) = ash weight x 100                      (7) 

 

Determination of carbon content bound (fixed carbon) was calculated with the following 

formula: 

 

       Fixed carbon content (%C) = 100 - Volatile substances (%) - Ash content (%) (8) 

 

The following formula is used to calculate carbon from biomass [3]: 

 

Cb = B x %C         (9) 

 

where: Cb = carbon storage (tons/ha), B = Total biomass (tons/ha), %C = Fixed carbon content 

(laboratory measurements). 

Independent Sample t test 

The Independent Sample t test examines the meanings of the two independent groups to 

see if statistical evidence exists that the related population means are significantly different. The 

Independent Samples t Test's null hypothesis (H0) and alternative hypothesis (H1) can be 

presented in two different but comparable ways [19]:  

H0: 1 = 2 ("the two population means are the same") and H1: µ1 ≠ µ2 ("the two 

population means are not equal"). 

If the p-value of the t test is greater than the 0.05 significance level, no significant 

difference between the two population means exists. On the other hand, there is a significant 

difference between the two population means if the p-value of the t test is less than 0.05.  
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Results and Discussion 
 

Important Value Index (IVI) 
An IVI, in general, is a quantitative parameter used to express the level of dominance of 

a species in a plant community. The sum of relative frequency and relative density was used to 
calculate the importance value index (IVI) of understorey species. Each of these numbers is a 
percentage that ranges from 0 to 100.The larger a species' INP value, the greater its dominance 
over the community, and vice versa. 

Regarding species in this study area, the number of undergrowth vegetation at 
Agroforestry T. Sureni with C. Arabica is 27 species. While the number of undergrowth 
vegetation species at Agroforestry P. Merkusii and C. Arabica is 14 species, Ageratum 
conyzoides has the highest number of individus (1121 individus), while Crassocepalum 
crepidioides, Emilia sonchifolia, Chromolaena odorata, and Colopogonium mucunoides have 
the lowest number of individus at Agroforestry T. sureni and C. arabic. The results showed that 
Paspalum conyugatum has the highest number of individus (807), as undergrowth vegetation at 
Agroforestry P.merkusii with C. Arabica, while Mimosa diplotica and Centella asiatica have 
the lowest number of individus (3 individus). 

The quantitative structure depicted by the Importance Value Index (IVI) is distinct in 
each plot viewed, according to formula 1. Ageratum conyzoides, Bidens chinensis, and Borreria 
latifolia are the dominant undergrowth species in agroforestry T. sureni and C. Arabica. The 
IVI of these species was 28.7; 21.3; and 17.55, respectively. While the lower IVI was 
dominated by Colopogonium mucunoides and Crassocepalum crepidioides (2.16), followed by 
Drymaria hirsuta and Chromolaena odorata (2.18) (Fig. 2). 
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Fig. 2. The important value Index (IVI) of undergrowth species at Agroforestry T. Sureni and C. Arabica 

 
Whereas the important value index (IVI) of undergrowth species at Agroforestry P. 

Merkusii and C. Arabica were dominated by several undergrowth species, including Paspalum 
conyugatum (56.59%), followed by Elephantopus scaber (30.6%), while the lower IVI was 
dominated by Centella asiatica (3.72%) (Fig. 3). 
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Fig. 3. The results of the calculation of the important value index (IVI)  
of understorey species in P. Merkusii and C. Arabica Agroforestry 

 

Diversity and evenness indices 
Undergrowth diversity was categorized as moderate using Formula 2 and 3, with a value 

of 2.29 in agroforestry C. Arabica and T. Sureni and 1.62 in agroforestry C. Arabica and P. 
Merkusii. All of the research plots had low evenness indices, with values ranging from 0.33-
0.44. As a result, the higher the H value, the more diversified the area's species [11, 14]. 

Among the species present in both agroforestry systems, P.merkusii with C. arabica and 
T. sureni with C. arabica, are Colopogonium mucunoides, Barreria latifolia, Drymaria hirsute, 
Crassocepalum crepidioides, Chromolaena odorata, Clidemia hirta, Centella asiatica, and 
Paspalum conyugatum. Species found in these two locations tend to have a wide tolerance 
range for light intensity and allelopathic substances, which are considered very important 
factors that affect the growth of undergrowth. Elephantopus scaber, Devallia triphylla, Panicum 
sp, Imperata cylindrica, and Mimosa diplotica were exclusively found in agroforestry P. 
merkusii with C. Arabica. 

 This is presumably because these types are tolerant of allelopathic substances which can 
inhibit growth [20, 21]. Plants use allelopathy as a chemical mechanism to prevent other plants 
from growing too close to them. Some pine trees are allelopathic. When their needles fall to the 
ground, they allelopathically inhibit the growth and development of other plants, reducing their 
productivity [21].Allelopathy has positive and negative effects from one plant on another 
through the environment, although most studies seem to focus on its negative effects. It plays a 
key role in natural and managed ecosystems [21, 22]. 

According to [11], enrichment planting has been used successfully in the tropics to 
recover degraded forests.The number of species and families in the regeneration location 
through enrichment planting shows that the silvicultural approach to recovering soil nutrients as 
a means of sustainable forest management has the greatest influence on tree species diversity. 
Biodiversity indices are used to compare the quantity and diversity of species in various 
ecosystems, and the higher the value, the greater the species richness [22 23]. 

Biomass and carbon of undergrowth species in agroforestry system 
Above-ground biomass and below-ground biomass are the two types of biomass that can 

be found [5, 6]. We don't include estimates of belowground biomass in this situation.The 
information in this study was used to calculate the biomass and carbon storage of undergrowth 
and litter vegetation in agroforestry systems with various tree crops.The amount of organic 
matter generated by an organism per unit area at a given period is referred to as biomass 
potency [24, 25]. 

The undergrowth includes shrubs with stem diameters of 5 cm, creepers, weeds, or 
weeds. Estimates of undergrowth biomass are carried out by taking parts of plants or by being 
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destructive [24]. Total biomass undergrowth varied greatly between plots, ranging from 0.2 to 
6.78 tons ha-1, as shown in figure 4. The average biomass undergrowth for all plots in both 
types of agroforestry was 1.65 tons ha-1. The average biomass undergrowth in agroforestry T. 
Sureni and C. Arabica is greater than in agroforestry P. Merkusii and Arabica. We can reject the 
null hypothesis since the p-value (0.03) is smaller than the 0.05 significance level, indicating 
that the biomass undergrowth in agroforestry T. Sureni and C. Arabica vs. P. Merkusii and C. 
Arabica is significantly different. 

Plot  1 Plot  2 Plot 3
  average-

plots  123

Agroforestry  C. arabica &

T.  sureni
3.91 0.77 2.70 2.46

Agroforestry  C. arabica &

P. merkusii
1.52 1.44 0.00 0.78

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50

to
n

/h
a

 
Fig. 4. Average biomass of undergrowth in the observed plots 

 
As presented in Figure 5, total carbon storage in undergrowth varies greatly between 

plots, ranging from 0.04 to 1.62 tons ha-1.  
 

Plot  1 Plot  2 Plot 3
average -

plots  123

Agroforestry  C. arabica &

T.  sureni
0.96 0.18 0.63 0.59

Agroforestry  C. arabica &

P. merkusii
0.24 0.25 0.04 0.15

0.00

0.20

0.40

0.60

0.80

1.00

1.20

to
n
/h
a

 
Fig. 5. Average carbon storage of undergrowth in the observed plots 

 
The mean carbon storage of undergrowth for all plots in both types of agroforestry was 

0.43 tons ha-1. Agroforestry T. Sureni and C. Arabica has a higher average carbon storage 
undergrowth than agroforestry P. Merkusii and C. Arabica. We may reject the null hypothesis 
since the p-value (0.006) is smaller than the 0.05 significance level, indicating that the carbon 
storage of undergrowth in agroforestry T. Sureni and C. Arabica vs. P. Merkusii and C. Arabica 
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is significantly different. This is influenced by the presence of more biomass undergrowth in 
agroforestry T. Sureni and C. Arabica than in agroforestry P. Merkusii and C. Arabica. In 
addition, the amount of undergrowth at agroforestry T. Sureni and Arabica is greater than at 
agroforestry P. Merkusii and C. Arabica. Our findings reveal a complex and varied link 
between biomass and species diversity in the agroforestry system of North Sumatra, Indonesia. 
Some plots with limited diversity had a lot of biomasses, whereas others with a lot of diversity 
had a lot of biomasses [2, 24-26]. 

The amount of litter found in pine stands, such as leaves, which also contain allelopathic 
substances, can inhibit the growth of the understorey. This makes the amount of undergrowth in 
pine stands less than undergrowth in agroforestry (C. Arabica and T. Sureni). Some types of 
plants, such as red pine (Pinus densiflora Sieb, et Zucc), contain allelopathic compounds that 
affect the diversity of undergrowth that inhibit the growth of other individual plants. 
Allelopathic chemical interaction determines the formation of the forest floor [27]. 

Changes in ground vegetation biomass are usually connected to competition with 
overstory trees for light, soil water, or nutrients, according to another study [28, 29]. Light 
blocking by tree canopies has been found to be the most important environmental element in 
most northern forest ecosystems [30]. All of these writers agree that in an agroforestry system, a 
more open canopy (less shadow) leads to higher ground vegetation biomass as well as 
diversified undergrowth and litter carbon storage [7, 10, 31, 32]. In forests, herbaceous strata 
contribute to primary production, nutrient supply, carbon stock, and species diversity, as well as 
providing food and habitat for other forest organisms [31]. 

Biomass and carbon of litter in agroforestry system  
Litter is a layer that consists of parts of plants that have died, such as falling leaves, 

twigs and branches of flowers, fruit, flowers, bark, and other parts that spread on the surface 
under the forest floor before the material decomposes [27]. 

Figure 6 shows how the total biomass of litter varied greatly between plots, ranging from 
0.49 to 14.14 tons ha-1. 

 

Plot  1 Plot  2 Plot 3
average -
plots  123

Agroforestry  C. arabica &       T.
sureni

2.99 3.38 1.62 2.66

Agroforestry  C. arabica & P.
merkusii

4.14 7.78 6.13 7.7

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

to
n
/h
a

 
 

Fig. 6. Average biomass of litter in the observed plots 
 

The average litter biomass from all sample plots in both types of agroforestry was 5.18 
tons ha-1. According to Figure 6, the average litter found in agroforestry C. Arabica and P. 
Merkusii was 7.70 tons ha-1. It was greater than Agroforestry C. Arabica and T. Sureni (2.66 
tons ha-1). The difference in the total value of biomass of litter in both stands is 5.04 tons ha-1. 
The difference in litter biomass in the two stands is due to the greater amount of litter found in 
the P. Merkusii stands. We can reject the null hypothesis since the p-value (0.00006) is lower 
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than the 0.05 significance level, indicating that the biomass of litter in agroforestry T. Sureni 
and C. Arabica and P. Merkusii and C. Arabica is significantly different.  

Figure 7 shows how total carbon storage in litter varies greatly between plots, ranging 
from 0.22 to 7.18 tons ha-1. The average amount of litter carbon from all sample plots in both 
types of agroforestry was 2.5 tons ha–1. Litter carbon storage in the agroforestry system of P. 
Merkusii and C. Arabica is greater than in the agroforestry system of T. Sureni and C. 
Arabica.We may reject the null hypothesis because the p-value (0.00002) is lower than the 0.05 
significance level, and we can conclude that the carbon storage of litter in agroforestry T. sureni 
and C. Arabica and P. Merkusii and C. Arabica is significantly different. The difference in the 
amount of carbon storage is influenced by the dry mass of litter in agroforestry by P. Merkusii 
and C. Arabica. This difference is also influenced by the ability of forest ecosystems to store 
and absorb carbon based on the type of vegetation, vegetation composition, topography, and 
growing place [11, 24, 31] . 

 

 
 

Fig. 7. Average carbon of litter in the observed plots 
 

The amount of litter in the two types of agroforestry is different. This is due to the fact 
that the canopy covers in the two stands are different.The canopy of P. Merkusii stands closed is 
thicker than the canopy cover of T. Sureni, so that the amount of dry mass produced in the form 
of leaves, twigs, and branches of dead trees is greater in P. Merkusii stands. According to [31], 
thin canopy stands produce less litter than thick canopy stands, and vice versa. 

Another researcher mentioned that the amount of carbon in herb and moss layers in 
different forest stands is very diversified [18, 32]. The amount of biomass and carbon stock in 
terms of trees and shrubs, as well as medicinal plants and mosses, differs from each species 
[34]. Because the forest is affected by a wide range of physical, climate, and other natural 
disturbances, geostatistics is increasingly being employed in forest ecology, including forest 
biomass estimation [31].Carbon storage models in forest ecosystems must take this variability 
into account [36].Temporal changes in the structure and composition of forest communities 
must be considered on an ongoing basis [35].  

 It is vital to estimate vegetative carbon storage in order to assess the ecosystem's 
potential for carbon sequestration. formalized [5, 30, 37, 38] Formalized paraphraseformalized 
paraphrase The ecological function of forests in absorbing carbon has the potential to play a 
significant role in resolving global environmental issues such as atmospheric GHG 
accumulation and climate change. The positive association between biomass and species 
diversity has substantial policy implications, and it should back up assertions that REDD 
schemes can provide large biodiversity conservation co-benefits [9, 14, 22]. Maintaining intact 
forest ecosystems, including genetic diversity and understorey species, is essential [5, 14, 38, 
39] . 
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This is owing to the importance of forests, particularly agroforestry, in a variety of 
ecosystem services, such as the global carbon cycle, their enormous carbon stock, and their 
contribution to adaptation, all of which are critical for human well-being. Agroforestry offers a 
unique potential to boost C supplies in the terrestrial biosphere, according to research findings 
from around the world [10, 24, 31]. 

 

Conclusions 
  

This study showed that undergrowth species in Agroforestry T. Sureni and C. Arabica in 
Aek Nauli-North Sumatera have a more diverse population compared to undergrowth species in 
Agroforestry P. Merkusii and C. Arabica in the same locality. Agroforestry T. Sureni and C. 
Arabica has a somewhat higher biomass and carbon storage capacity than agroforestry P. 
Merkusii and C. Arabica. While the biomass and carbon content of litter are marginally higher 
in P. Merkusii and C. Arabica agroforestry than in T. Sureni and C. Arabica agroforestry.In an 
agroforestry system, the kind of stand has a considerable impact on the amount of undergrowth 
and litter biomass.The global carbon cycle relies heavily on biomass and carbon storage in 
forest ecosystems. Agroforestry has the potential to reduce CO2 levels in the atmosphere by 
storing carbon in the undergrowth and trash. 

The research findings offered in this study, we feel, will be valuable in addressing the 
protection of undergrowth and litter species diversity, as well as providing a foundation for 
studying ecology in agroforestry systems. More research is needed, however, to consider the 
potential of agroforestry for biodiversity conservation, as well as timber and non-timber 
production, in order to support sustainable forest management and important ecosystem 
services. 
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