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Abstract

The objective of the research were to determine the volume increments, to find out the optimum ages and
maximum increment, to know which plant effort was more profitable than each types exploitations, to analyze
the financial feasibility and to know the farmers' financial needs and the level of interest by sensitivity analysis.
This research was conducted in community forest of Sungai Merdeka Village Km. 38 Samboja District, Kutai
Kartanegara Sub District of East Kalimantan Province. The research data was taken based on a purpose sampling
system in the research plots of each Model | to V covering an area of 0.25 ha. Model | consisted by super teak 15
years 10x2 m spacing combined with king grass with an interest rate of 5% resulted in an estimated 6.5-year Pay
Back Period (PP); Net Present Value (NPV) Rp. 186,346,058, -; Net Benefit/Cost (B/C) Ratio 3.99; Internal Rate
of Return (IRR) 28%; Equivalent Annual Annuity (EAA) Rp. 12,122,078 and effort scale of 3 ha. Model Il
consisted by super teak 15 years 10x10 m spacing with an interest rate of 5% produce an estimated 18.5-year PP;
Rp. (15,890,541,-) NPV; Net (B/C) Ratio to 0.72; (IRR) to 3%; (EAA) to Rp. (1,033,703,-) and (41) ha effort
scale. Model 111 consisted by Solomon Teak 13 years 10x10 m spacing with an interest rate of 5% produce an
estimated 10.4 year (PP); (NPV) to Rp. 97,546,242, -; Net (B/C) Ratio to 2.38; (IRR) to 10%; (EAA) to Rp.
6,345,523, and 7 ha effort scale. Model IV consisted by sungkai 13 years 2x4 m spacing combined with papaya
by an interest rate of 5% produce an estimated 13.1 years (PP) value; (NPV) to Rp. 41,099,472, -; Net (B/C)
Ratio to 1.83; (IRR) to 22.5%; (EAA) to Rp. 2,673,580, - and 16 ha effort scale. Model V consisted by Sungkai
13 years with an interest rate of 5% produced an estimated 18.1 year (PP); (NPV) to Rp. -13.141,863, -; Net
(B/C) Ratio 0.73; (IRR) to 3.2%; (EAA) to Rp. -854,897, - and (49) ha effort scale. Its concluded that by 5%
discount factor, Model 1, Model 11l and Model 1V were feasible because they have an IRR value higher than
Minimum Acceptable Rate (MAR) 5% and Net B/C Ratio higher than 1. Model 1l and Model V were not feasible
because they have an IRR value lower than MAR 5% and Net B/C Ratio lower than 1. The optimum production
of all models was reached at the ages of 25 years. The highest MAI was achieved in Model 1V of 7.34 m*ha™
year™ and the total volume was 183.56 m*ha™ year™, while the lowest MAI was achieved in Model II of 6.25 m*
ha™ year™ and the total volume was 33.10 m®ha™ year™. Based on the analysis of effort scale resulted that Model
I could be the best choice and most feasible than other because it had the lowest effort scale value, while Model
V was the least feasible option to be cultivated because it has the highest scale of effort. Model 1, Model 111 and
IV shown the NPV positive value to Rp. 186,346,058, -; Rp.97,546,242, - and Rp.41,099,472, -, while Model 11
and Model 1V shown the negative value of Rp.(15,590,541,-) and Rp.(13,141,863,-).

Keywords: community forest, Tectona grandis Linn. f, Peronema canescens Jack, production, financial
1. Introduction

Plantations are very important to support forests in the world, including natural resources, and government
policies in climate change. Forest capability in meeting carbon needs and forest conservation as well as
producing firewood and round wood for industry (Buongiorno et al., 2014). Logging rotation of timber
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companies such as in Laos, which ranges from 10 to 30 years, shows that the optimal age produced by timber
cultivation in various types is still not widely known (Wanneng et al., 2014). Height measurement at chest height
and total height will increase if the distance is increased. Distance does not have a significant effect on the total
production volume and area of the base. The density of the number of plants also takes on an important meaning
by increasing the spacing. Characteristics of wood such as ruptured modulus, elastic modulus, tangential
compressive strength and tangential shift of grain except tangential to granules are not indicated by an increase
in distance (Zahabu et al., 2015). The expansion of agriculture has resulted in large-scale habitat loss, the
fragmentation of forests, significant losses in biological diversity and negative impacts on many ecosystem
services (Sunderland et al., 2017; Basu, 2014; Iskandar, 2016; Luedeling et al., 2014). Planning management is a
major factor in success in forestry development. The national forestry industry plays an important role in the
economic and social fields. This is because the volume of production has a significant impact on a forestry
concession area (Vanzetti et al., 2018; Mulatu et al., 2016; Ruslim, 2011). Ethiopia has experienced long-term
deforestation that has widespread consequences for all aspects of life and human economic activities, but the
conventional financial system has not been able to analyze the value of economic sustainability in the
development of a country's environment, especially in dealing with the problem of deforestation (Narita et al.,
2018; Kupcak, 2012; Siregar et al., 2017). This analysis model can estiamate the potenstial expenditure that will
be made in reducing all risks of future (Bernetti et al., 2011; Barkin et al., 2013; Mohammad et al., 2018; Ruslim,
2016). The desire for research on environmental services in an ecosystem has increased in the last three decades,
but a deep understanding of the contribution of forests and timber to food production and livelihoods is still
limited (Reed et al., 2017; Farshad et al., 2018; Matveev et al., 2018; Dave et al., 2017; Linger, 2014). The
approach used in this study is to predict the wood production potential of a forest area for the supply of
processing industries, as well as to calculate the estimated financial conditions described in the analysis of
internal rate of return (IRR) and net present value (NPV) (Gardingen et al., 2003; Lahjie et al., 2018; Sandalayuk
et al., 2019; Winarni, 2017). Teak (Tectona grandis L.f.) is a high-quality commercial wood, categorized as the
Verbenaceae tribe. The origin of wood distribution includes India, Myanmar and Thailand. The initial planting
carried out in Indonesia began around the 2nd century, by disseminating Hinduism. Teak has been developed by
the government, farmers and the private sector up to now. Some development areas are part of which is closely
related to the traditional lifestyle of the community. Teak production in Indonesia supports the highest income
and welfare of farmers and industries, so that it can support development both locally and nationally. The
marketing area is very wide, including domestic and foreign. Harvesting in one high cycle of investment strongly
supports environmental sustainability, hydrological systems and local climate (Pramono et al., 2010). Planting
was first started from the beginning of the introduction, but the production in various countries is still not
accurate (Verhaegen et al., 2010). Teak which has many advantages as forestry plant has been well developed in
various regions of Java, while the development in the East Kalimantan region carried out by the public and
private sectors results in varied growth differences (Murtinah et al., 2015; Khasanah et al., 2015).

Commercially, the planting of Tectona grandis, which consists of a variety, has always attracted a desire in
small-scale production of logs in the tropics, but unfortunately research on its wood character is still very limited
(Moya et al., 2011). As a high-quality wood species from the Verbenaceae family, Teak was first brought to
Indonesia as naturalized wood species. Excellence as tropical hardwood is very valuable due to strength,
straightness, workability, resistance to many pests and diseases and is now known as exotic wood (Jenkins et al.,
2002) used for high-quality handicraft industries. Its spread is in almost all tropical regions except desert regions
in Africa (Zahabu et al., 2015; Guzmén et al., 2017; Wanneng et al., 2014). Sungkai (Peronema canescens) is a
native and local species and one of some commercial trees which has a good prospect to be developed in timber
estate in Kalimantan (Wahyudi et al., & Panjaitan, 2014).

The Purpose of the Community Forest Land Management Model of Super Teak, Solomon and Sungkai Teak
Types and Production Simulations in Samboja Kutai Kartanegara, East Kalimantan Indonesia were to know the
volume increment of each type of teak and sungkai plant cultivated with agroforestry systems, knowing the
optimum ages and maximum increment from each type of teak and sungkai plant that was cultivated so that it
could be determined for the needs of the processed wood industry, knowing which plantations were more
profitable from each type of teak and sungkai plant cultivated with agroforestry systems, analyzes the financial
feasibility of teak and sungkai cultivation with agroforestry system in guaranteeing and improving the livelihood
needs of farmers, knowing the farmers' financial needs and the level of interest that could be given to farmers so
that it was feasible to be cultivated and get maximum profit and know the resilience of each type of teak and
cash crops. i to economic changes carried out by sensitivity analysis.
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2. Materials and Method
2.1 Study Area

This research was carried out in agroforestry and monoculture community forest owned by Mr. Suwadji Sungai
Merdeka Village Km. 38 Samboja District, Kutai Kartanegara District of East Kalimantan Province. The study
sites were located in the vicinity of 1° 00° 04.6” S — 116° 59°23.1” E (Figure 1).

Figure 1. Location studies of Sungai Merdeka Village Km. 38 Samboja District (m), Kartanegara District of East
Kalimantan, Indonesia

2.2 Data Collection

The study was conducted for 6 months, namely May 2018 to October 2018, which included research preparation,
primary and secondary data collection, data analysis, preparation of reports and presentation. Particularly for
preparation and retrieval activities, some secondary data on the general state of the area have been started since
April 2008. The research data was taken based on a purpose sampling system on the research plots of each
Model I, 11, 111, IV and V covering an area of 0.25 ha.

Table 1. Land management model with standing composition

Model Stands (ages) Spacing (m) Plot Wides (m?)  Population (trees) ~ Sample (20%)
| Teak Super dan Grass (15 years) 10x2 10.000 350 70
1 Teak Super (15 years) 10x 10 10.000 100 20
1] Teak Solomon (13 years) 10x 10 10.000 68 14
v Sungkai and Papaya (13 years) 2x4 10.000 860 172
\% Sungkai (13 years) 4x4 10.000 450 90

Growth/Molume Analysis

The variables measured within the plots to obtain estimates of the potential production of super teak, solomon
teak and sungkai were as follows: Trees Volume, Total Volume, Mean Annual Volume Increment (MAI) and
Current Annual Increment (CAI) (Gardingen et al., 2003; Lahjie, 2019).

vVt
MAI = r
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In which MAI = Mean Annual Increment (m°ha™year), V.= total volume at ages t (m°ha™), t = tree ages (in

years).
Vt-Vt—-1
CAl = ——

In which CAI = Current Annual Increment (m® ha™year™), V, = Total volume at ages t (m® ha®), V-1 = Previous
total volume (m® ha), T = Second ages minus the first ages (in years)

3. Results and Discussions
3.1 Production Potency of Super Teak and Grass as Model |

The distance for planting super teak was 10 m x 2 m with a planting area of 1 ha. The number of seeds planted in
the first year of each hectare was 500 ha™*. Mathematical distance measurements of stands were to 2, 4, 8, 10, 15,
20, 25 and 30 years, respectively. The stands population were to 350 ha™ at the ages of 15 years, so the sample
was taken 20%, which was 70 ha™. The estimated stand production cycle was assumed to be 30 years.

Accoording to Table 1 shown that the number of stands decreased naturally and resulted in thinning processes
for each increase in ages of stands. The stands population in a row at the ages of 2 years 475 ha™; 4 years 450
ha™; ages 8 years 410 ha™; 10 years 380 ha™; ages 15 years 350 ha™ and ages 20 years 320 ha™. The averages
diameter of stands were at 2, 4, 8, 15 and 20 years respectively 6.5 cm; 9.2 cm; 14.5 cm; 17.3 cm; 24.3 cm and
7.0 cm. The diameter distribution at the ages of 25 years ranged between 30 cm and 39 cm with the most
frequent diameter of 35 cm. Branch free height on averages at 2, 4, 8, 15 and 20 years respectively 2.4 cm; 3.3
cm; 5.0 cm; 5.6 cm; 6.5 cm and 7.0 cm.

The comparison of the growth resulted between the averages annual increment (MAI) and the current annual

increment (CAI) shown the lowest difference of 0.29 m*ha™ year™, so that the optimum production of stands was
at 25 years with an averages volume of each tree 0.539 m; the averages diameter of each tree was 35.2 cm and

branch-free height averages 7.1 m. The total stand volume at the ages of 25 years was 156.21 m°ha™* year™, while
the averages annual increment (MAI) at the ages of 25 was 6.25 m°ha™ year™ and current annual increment (CAI)
was 6.54 m*ha™ year™. The reduction in the number of trees increased the averages annual increment (MAI) to

the 25 years stand of 6.25 m*ha™ year™, but was less influential at later ages, shown in the 30 years stand to be
5.77 m*ha™* year-1.

Figure 1 shown clearly that the intersection point between MAI and CAI occurred in 25 years stands. This meant
that at the ages of 25 stands were ready to be harvested with a total production volume of 156.21 m*ha™* year™.

Table 2. Potential production of super teak stands and king grass with 10 m x 2 m spacing as Model |

Ages N D H F \ Vit MAI  CAl PJ TPtot  MAly CAla K
475 6.5 24 0.72 0.006 2.72 1.36 - 0.00 2.72 1.36 - 0.369
4 450 9.2 33 0.73 0.016 7.20 180 224 014 7.35 1.84 231 0.359
8 410 145 5.0 0.74 0.061 25.04 313 446 064 25.68 3.21 4.58 0.345
10 380 17.3 5.6 0.75 0.099 37.50 375 623 183 39.33 3.93 6.83 0.324

15 350 243 6.5 0.76 0.229 80.15 534 853 296 83.11 5.54 8.76 0.267

20 320 30.2 7.0 0.77 0.386 123.49 6.17 8.67 6.87 130.36 6.52 9.45 0.232

25 290 35.2 7.1 0.78 0.539 156.21 6.25 6.54 1158 167.79 6.71 7.49 0.202

30 240 39.9 7.3 0.79 0.721 172.97 5.77 335 2693 199.90 6.66 6.42 0.183
Note. N: Population of Super Teak (trees ha); D: Tree Diameter (cm); H: Branch-free Height (m); Vt: Total Volume (m*ha™); MAI: Mean
Annual Increment (m® hayear™); CAIl: Current Annual Increment (m® hayear™).

10 +

Increment  (m*ha* year™)
N

35

Age (year)

Figure 1. Intersection between MAI and CAl occured at the age of 25 years stand of Model |
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3.2 Potential of Super Teak Production as Model 1l

The distance for planting super teak was 10 m x 10 m with a planting area of 1 ha. The number of seeds planted
in the first year of each ha was 100 ha™. Mathematical distance measurements of stands were to 2, 4, 8, 10, 15,
20, 25 and 30 years, respectively. The total population of 15 years stands was 75 ha™, so the sample was taken
20%, which was 20 ha™*. The estimated stand production cycle was assumed to be 30 years.

According to Table 2 shown that the number of stands decreased naturally and resulted in thinning processing for
each increasing in ages of stands. The stands population were at 2 years 95 ha™'; ages 4 years 90 ha™; ages 8
years 87 ha™; ages 10 years 75 ha™; ages 15 years 70 ha™ and ages 20 years 65 ha™. The averages diameter of
stands were at 2, 4, 8, 15 and 20 years was 2.5 cm respectively; 3.5 cm; 5.2 cm; 5.8 cm; 6.8 cm and 7.3 cm. The
diameter distribution at the ages of 25 years ranged between 30 cm and 40 cm with the most frequent diameter of
36 cm. Branch free height on averages at 2, 4, 8, 15 and 20 years respectively were to 2.5 cm; 3.5 cm; 5.2 cm;
5.8cm; 6.8 cmand 7.3 cm.

The comparison of the growth resulted between the averages annual increment (MAI) and the current annual
increment (CAI) shown that the lowest difference was 0.00 m*ha™ year™, so the optimum production of stands
was at 25 years with the averages volume of each tree 0.602 m®; the averages diameter of each tree was to 36.2
cm and the branch-free height was on averages 7.5 m. The total stand volume at the ages of 25 was 33.10 m®ha™*
year™, while the averages annual increment (MAI) at the ages of 25 was 1.32 m®ha™* year™ and the current annual
increment (CAI) was 1.32 m*ha™ year™ . The reduction in the number of trees increased the averages annual
increment (MAL) to the 25 years stand of 1.32 m*ha™ year™, but was less influential at later ages, shown in the 30
years stand to be 1.29 m*ha™* year™.

Based on Figure 2 shown clearly that the intersection point between MAI and CAl occurred in 25 years stands.

This meant that the ages of 25 years was ready to be harvested with a total production volume of 33.10 m®ha™
-1

year™.

Table 2. Potential of super teak stand production with spacing planting of 10 m x 10 m as Model Il

Ages N D H F \ Vit MAI CAl PJ TPtot  MAlyx  CAli K
2 95 7.0 2.5 0.72 0.007 0.66 0.33 - 0.00 0.66 0.33 - 0.357
4 90 10.0 3.5 0.73 0.020 1.81 0.45 057 0.03 1.84 0.46 0.59 0.350
8 87 151 52 0.74 0.069 5.99 0.75 1.05 0.06 6.05 0.76 1.05 0.344
10 75 18.7 5.8 0.75 0.119 8.96 0.90 148 083 9.78 0.98 1.87 0.310
15 70 250 6.8 0.76 0.254 17.75 1.18 176  0.60 18.35 1.22 171 0.272
20 65 304 7.3 0.77 0.408 26.51 1.33 175 127 27.77 1.39 1.89 0.240
25 55  36.2 75 0.78 0.602 33.10 1.32 132 408 37.18 1.49 1.88 0.207
30 50 403 7.7 0.79 0.776 38.78 1.29 114  3.01 41.79 1.39 0.92 0.191

Note. N: Population of Super Teak (trees ha); D: Tree Diameter (cm); H: Branch-free Height (m); Vt: Total Volume (m*ha™); MAI: Mean
Annual Increment (m® ha”year™); CAl: Current Annual Increment (m® hayear™).

2.0 1
1.8
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1.4 1
1.2 1
1.0 A
0.8 1
0.6 1
0.4 -
0.2 1
0.0

Increment  (m*ha* year?)

=g VMA| e=== CAl

0 5 10 15 20 25 30 35

Age (year)

Figure 2. Intersection point between MAI and CAl occured in 25 years stands of Model 11
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3.3 Solomon Teak Production Potential as Model 111

The distance of planting Solomon teak was 10 m x 10 m with a planting area of 1 ha. The number of seeds
planted in the first year of each ha was 100 ha™. Mathematical distance measurements of stands were to 2, 4, 8,
10, 15, 20, 25 and 30 years, respectively. The total population of 13 years stands was 68 ha™, so the sample was
taken 20%, which was equal to 14 ha™. The estimated stand production cycle was assumed to be 30 years.

Based on Table 3 shown that the number of stands decreased naturally and resulted in thinning process for each
increasing in stands ages. The stands population were at 2 years 95 ha™; ages 4 years 87 ha™; ages 8 years 80 ha™;
ages 10 years 72 ha'; ages 15 years 68 ha™ and ages 20 years 65 ha™. The averages diameter of stands at 2, 4, 8,
15 and 20 consecutive years was 9.8 cm; 14.5 cm; 25.5 cm; 31.4 c¢cm; 40.5 cm and 46.8 cm. The diameter
distribution at the ages of 25 years ranged from 46 cm and 54 cm with the most frequent diameter of 51 cm.
Branch free height on averages were to 2, 4, 8, 15 and 20 years respectively 6.5 cm; 7.5 cm; 8.6 cm; 9.0 cm; 10.5
cmand 11.8 cm.

Comparison of the growth resulted between the averages annual increment (MAI) and the current annual
increment (CAI) shown the lowest difference of 0.04 m°ha™ year™, so that the optimum production of stands at
25 years with the averages volume of each tree 2.111 m®; the averages diameter of each tree was to 51.7 cm and
the branch height was an averages of 12.9 m. The total stand volume at the ages of 25 years was 126.67 m°ha™
year, while the averages annual increment (MAI) at the ages of 25 was to 5.07 m*ha™ year*and the current
annual increment (CAI) was 5.03 m*ha™ year . The reduction in the number of trees increased the averages
annual increment (MAI) to the 25 years stand of 5.07 m*ha™ year™, but was less influential at the next ages,
shown in the 30 years stand to be 4.68 m*ha™ year™.

Based on Figure 3 shown clearly that the intersection point between MAI and CAI occurred in 25 years stands.

This meant that the ages of 25 stands was ready to be harvested with a total production volume of 126.67 m*®ha™
-1

year™.

Table 3. Potential production of solomon teak stands with spacing of 10 m x 10 m as Model I11

Ages N D H F \ Vit MAI CAl PJ TPtot  MAkLy CAl K
2 95 9.8 6.5 0.72 0.035 3.35 1.68 - 0.00 3.35 1.68 - 0.663
4 87 145 7.5 0.73 0.090 7.86 1.97 2.25 0.28 8.14 2.04 240 0517
8 80 255 8.6 0.74 0.325 25.99 3.25 4.53 0.63 26.62 3.33 462 0.337
10 72 314 9.0 0.75 0.522 37.62 3.76 5.81 2.60 40.21 4.02 6.80 0.287
15 68 405 105 0.76 1.028 69.87 4.66 6.45 2.09 71.96 4.80 6.35 0.259
20 65 468 118 0.77 1562  101.54 5.08 6.33 3.08 104.62 5.23 6.53 0.252
25 60 51.7 129 0.78 2111 126.67 5.07 5.03 7.81 134.48 5.38 597 0.250
30 55 546 138 0.79 2551  140.32 4.68 2.73 10.56 150.88 5.03 3.28 0.253

Note. N: Population of Solomon Teak (trees ha); D: Tree Diameter (cm); H: Branch-free Height (m); Vt: Total Volume (m*ha™); MAI: Mean
Annual Increment (m3ha year™); CAl: Current Annual Increment (m°ha™ year™).
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Figure 3. Intersection point between MAI and CAI occured in 25 years stands of Model 111
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3.4 Potential of Sungkai Production with Papaya as Model IV

The planting distance of Sungkai was 4 m x 2 m with a planting area of 1 ha. The number of seeds planted in the
first year of each ha was 1250 ha™. Mathematical distance measurements of stands were to 2, 4, 8, 10, 15, 20, 25
and 30 years, respectively. The total population of 13 years stands was 860 ha™, so the sample was taken 20%
which was equal to 172 ha™. The estimated stand production cycle was assumed to be 30 years.

According to Table 4 shown that the number of stands decreased naturally and resulted in thinning processes for
each ages increase in stands. The stands population at the ages of 2 years 1180 ha™; ages 4 years 1090 ha™; 8
years 1000 ha™; ages 10 years 900 ha™; ages 15 years 860 ha™ and ages 20 820 ha™. The averages diameter of
stands at 2, 4, 8, 15 and 20 years respectively 4.7 cm; 7.0 cm; 11.5 cm; 12.8 cm; 16.9 cm and 19.9 cm. The
diameter distribution at the ages of 25 years ranged between 19 cm and 25 cm with the most frequent diameter of
22 cm. Branch free height on averages at 2, 4, 8, 15 and 20 years respectively 3.1 cm; 4.0 cm; 4.8 cm; 5.9 cm;
6.7cmand 7.5 cm.

Comparison of the growth resulted between the averages annual increment (MAI) and the current annual
increment (CAI) shown the lowest difference of 0.07 m°ha™ year™, so that the optimum production of stands at
25 years with the averages volume of each tree 0.251 m?; the averages diameter of each tree was 22.8 cm and the
branch-free height was 7.9 m on averages. The total stand volume at the ages of 25 years was 183.56 m°ha™
year, while the averages annual increment (MAI) at the ages of 25 years was 7.34 m°ha™* yearand the current
annual increment (CAI) was 7.27 m*ha™ year™. The reduction in the number of trees increased the averages
annual increment (MAI) to the 25 years stand of 7.34 m®ha™ year, but was less influential at later ages,
indicated in the 30 years stand to be 6.40 m*ha™ year™.

Based on Figure 4 shown clearly that the intersection point between MAI and CAl occurred in 25 years stands.

This meant that the ages of 25 years was ready to be harvested with a total production volume of 183.56 m*ha™
-1

year™.

Table 4. Potential Production of Sungkai and Papaya Stands with Planting Spaces of 4 m x 2 m as Model IV

Ages N D H F \% Vit MAIl;  CAlg PJ TPtot  MAly  CAlg K
2 1180 4.7 31 0.72 0.004 4.57 2.28 - 0.00 457 2.28 - 0.660
4 1090 7.0 4.0 0.73 0.011 12.24 3.06 3.84 0.35 12.59 3.15 401 0571
8 1000 115 4.8 0.74 0.037 36.88 461 6.16 1.01 37.89 474 6.32 0417
10 900 12.8 5.9 0.75 0.057 51.22 5.12 7.17 3.69 54.91 5.49 851 0.461
15 860 16.9 6.7 0.76 0.114 98.18 6.55 9.39 2.28  100.46 6.70 9.11 0.396
20 820 19.9 75 0.77 0.180 147.21 7.36 9.81 457  151.78 7.59 10.26  0.377
25 730 22.8 7.9 0.78 0.251 183.56 7.34 7.27 16.16  199.72 7.99 959 0.346
30 560 25.5 8.5 0.79 0.343 191.95 6.40 1.68 42,75 234.70 7.82 7.00 0.333
Note. N: Population of sungkai(trees ha); D: Tree Diameter (cm); H: Branch-free Height (m); Vt: Total Volume (m*ha™); MAI: Mean Annual
Increment (m*ha™ year™); CAI: Current Annual Increment (m*ha™ year™).

12 -

Increment  (m*ha year™)
D
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Figure 4. Intersection point between MAI and CAI occured in 25 years stands of Model 1V
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3.5 Sungkai Production Potential as Model V

The planting distance of Sungkai was 4 m x 4 m with a planting area of 1 ha. The number of seeds planted in the
first year of each ha was 625 ha™'. Mathematical distance measurements of stands were to 2, 4, 8, 10, 15, 20, 25
and 30 years, respectively. The total population of 13 years stands was 450 ha™, so the sample was taken 20%,
which was equal to 90 ha™. The estimated stand production cycle was assumed to be 30 years.

Table 5 showns that the number of stands decreased naturally and resulted in thinning processes for each
increase in ages of stands. Population of consecutive stands at 2 years 595 ha™; ages 4 years 560 ha™; 8 years
500 ha™; ages 10 years 470 ha*; ages 15 years 450 ha™ and ages 20 years 430 ha-1. The averages diameter of
stands at 2, 4, 8, 15 and 20 years respectively 5.2 cm; 7.5 cm; 12.2 cm; 13.4 cm; 17.6 cm and 20.5 cm. The
diameter distribution at the ages of 25 years ranged between 20 cm and 26 cm with the most frequent diameter of
23 cm. Branch-free height on averages at 2, 4, 8, 15 and 20 years respectively 3.2 cm; 4.4 cm; 5.0 cm; 6.0 cm;
7.0cmand 8.0 cm.

The comparison of the growth resulted between the averages annual increment (MAI) and the current annual
increment (CAI) shown the lowest difference of 0.14 m°ha™ year™, so that the optimum production of stands at
25 years with an averages volume of each tree 0.275 m>; the averages diameter of each tree was 23.0 cm and the
branch height was an averages of 8.5 m. The total stand volume at the ages of 25 years was 110.13 m°ha™* year™,
while the averages annual increment (MALI) at the ages of 25 was 4.41 m°ha™ year'and the current annual
increment (CAI) was 4.55 m°ha™ year™. The reduction in the number of trees increased the averages annual
increment (MAL) to the 25 years stand of 4.41 m®ha™ year™, but was less influential at later ages, indicated in the
30 years stand to be 4.13 m*ha™* year™.

Figure 5 showns clearly that the intersection point between MAI and CAIl occurred in 25 years stands. This

meant that the ages of 25 stands was ready to be harvested with a total production volume of 110.13 m*ha™
-1

year™.

Table 5. Potential of sungkai stand production with 4 m x 4 m spacing distance as Model V

Ages N D H F V Vit MAI CAly PJ TPtot MAly  CAlo K
2 595 5.0 3.2 0.72  0.005 2.69 1.35 - 0.00 2.69 1.35 - 0.640
4 560 75 44 0.73 0.014 7.94 1.99 2.63 0.16 8.10 2.03 271 0.587
8 500 12.2 5.0 0.74 0043 21.62 2.70 342 0.85 2247 2.81 3.59 0.410
10 470 134 6.0 0.75 0.063 29.81 2.98 4.10 1.30 3111 311 4.32 0.448
15 450  17.6 7.0 076 0129 5821 3.88 5.68 1.27 59.48 3.97 5.67 0.398
20 430 205 8.0 0.77 0203 87.38 4.37 5.83 2.59 89.97 4.50 6.10 0.390
25 400 23.0 8.5 078 0275 110.13 4.41 4.55 6.10 116.22  4.65 5.25 0.370
30 340 26.0 8.7 079 0365 124.01 4.13 2.78 16.52 14052  4.68 4.86 0.335
Note. N: Population of sungkai (trees ha); D: Tree Diameter (cm); H: Branch-free Height (m); Vt: Total Volume (m®ha™); MAI: Mean Annual
Increment (m*ha™ year™); CAI: Current Annual Increment (m*ha™ year™).

Increment  (m*ha* year?)
w

=g MA| === CA|

0 5 10 15 20 25 30 35
Age (year)

Figure 5. Intersection point between MAI and CAIl occured in 25 years stands of Model V
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4. Financial Analysis of Stands between Models I, 11, 111, IV and V

The resulted of the discussion on financial analysis in this section only explain the recapitulation of the resulted
of analysis of Models I, I, III, IV and V. Discussion in more detail couldn’t be done because of the limitations of
the pages. Assumption of production prices in cash flow stands of super teak and solomon teak was
Rp.4,000,000 / m3, while sungkai was Rp.1,000,000 / m3. Discount interest used in the financial analysis of each
stand was 5%, 10% and 15%. The effort cycle of super teak stands, solomon teak and sungkai was estimated
based on the ages of production reaching an optimum point of 25 years. Equivalent Annual Annuity (EAA) value
was estimated assuming the total expenditure needs of each decent family was Rp. 3,500,000 / month.

Table 6. Recapitulation of agroforestry and monoculture financial analysis stands with a 5% discount factor

Spacing  Cycle MAI TV PP NetB/C IRR Effort
No. Stands T 3 NPV (Rp.) . EAA (Rp.)
(m) (year) (m’ha“year™) (m°) (year) Ratio (%) Scale (ha)
Teak Super +
Grass 2x10 25 6,25 156,21 6,5 186.346.058 399  28,0% 12.122.078 3
2 Teak Super 4x4 25 1,32 33,10 18,5 (15.890.541) 0,72 3,0%  (1.033.703) -41
Teak
10x10 25 5,07 126,67 10,4 97.546.242 2,38 10,3%  6.345.523 7
Solomon
Sungkai +
2x4 25 7,34 18356 13,1 41.099.472 1,83 22,5%  2.673.580 16
Papaya
5 Sungkali 4x4 25 4,41 110,13 18,1 (13.141.863) 0,73 3,2% (854.897) -49

4.1 Model I Financial Analysis

Table 6 shown that the financial analysis of super teak stands combined with elephant grass with an interest rate
of 5% resulted in an estimated 6.5-year (PP) (PBP) value; Net Present Value (NPV) Rp. 186,346,058, -; Net
Benefit / Cost (B / C) Ratio 3.99; Internal Rate of Return (IRR) 28%; Equivalent Annual Annuity (EAA) Rp.
12,122,078 and effort scale of 3 ha. Based on the resulted of the analysis, it could be concluded that the
exploitation of Model | was feasible because it has a positive NPV value and Net B / C Ratio> 1 which meant
that each (Rp.1, -) rupiah invested value would get an income of 3.99 times the value the invested. This
statement was reinforced by the IRR value still greater than the Minimum Acceptable Rate (MAR) value of 5%.
The invested capital would return in year 6.5, then the effort profit would be up to 25 years. The resulted of the
EAA analysis mean the value of money that could be paid annually in the same amount of Rp. 12,122,078, - with
an interest rate of 5%.

4.2 Model Il Financial Analysis

Table 6 shown that the financial analysis of monoculture super teak stands with an interest rate of 5% produced
an estimated 18.5-year Pay Back Period (PBP); Net Present Value (NPV) Rp. -15,890,541, -; Net Benefit / Cost
(B / C) Ratio 0.72; Internal Rate of Return (IRR) 3%; Equivalent Annual Annuity (EAA) Rp. -1,033,703, - and
effort scale -41 ha. Based on the resulted of the analysis, it was concluded that the effort of Model Il was not
feasible because it has a negative NPV value and Net B / C Ratio <1 which meant that every (Rp.1, -) rupiah
invested value would only return 0.72 times over the value invested or capital does not return to normal. This
statement was reinforced by the IRR value was still smaller than the Minimum Acceptable Rate (MAR) of 5%.
The invested capital would return in the 18.5 year. The resulted of a negative EAA analysis mean the value of
money that couldn’t be paid annually in the same amount of Rp. -1,033,703, - with an interest rate of 5%.

4.3 Model Il Financial Analysis

Table 6 shown that the financial analysis of Solomon teak stands with an interest rate of 5% resulted in an
estimation of the Pay Back Period (PBP) of 10.4 years; Net Present Value (NPV) Rp. 97,546,242, -; Net Benefit /
Cost (B / C) Ratio 2.38; Internal Rate of Return (IRR) 10%; Equivalent Annual Annuity (EAA) Rp. 6,345,523
and effort scale of 7 ha. Based on the resulted of the analysis, it could be concluded that the effort of Model 111
was feasible because it has a positive NPV value and Net B / C Ratio> 1 which meant that every (Rp.1, -) rupiah
invested value would get an income of 2.38 times the value the invested. This statement was reinforced by a 10%
IRR value that was still greater than the Minimum Acceptable Rate (MAR) value of 5%. The invested capital
would return in the year 10.4, then the effort profit would be up to 25 years. The resulted of the EAA analysis
mean the value of money that could be paid annually in the same amount of Rp. 6,345,523, - with an interest rate
of 5%.
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4.4 Model IV Financial Analysis

Table 6 shown that the financial analysis of sungkai stands combined with papaya with an interest rate of 5%
resulted in an estimated 13.1 year Pay Back Period (PBP) value; Net Present Value (NPV) Rp. 41,099,472, -; Net
Benefit / Cost (B / C) Ratio 1.83; Internal Rate of Return (IRR) 22.5%; Equivalent Annual Annuity (EAA) Rp.
2,673,580, - and effort scale of 16 ha. Based on the resulted of the analysis, it could be concluded that the
exploitation of Model 1V was feasible because it has a positive NPV value and Net B / C Ratio> 1 which meant
that each (Rp.1, -) rupiah invested value would get an income of 1.83 times the value the invested. This
statement was strengthened by the IRR value of 22.5%, which was still greater than the Minimum Acceptable
Rate (MAR) value of 5%. The invested capital would return in the next 13.1 years, which was a effort profit of
up to 25 years. The resulted of the EAA analysis mean the value of money that could be paid annually in the
same amount of Rp. 2,673,580, - with an interest rate of 5%.

4.5 Model V Financial Analysis

Table 6 shown that the financial analysis of monoculture sungkai stands with an interest rate of 5% produced an
estimated 18.1 year Pay Back Period (PBP) value; Net Present Value (NPV) Rp. -13.141,863, -; Net Benefit /
Cost (B / C) Ratio 0.73; Internal Rate of Return (IRR) 3.2%; Equivalent Annual Annuity (EAA) Rp. -854,897, -
and effort scale -49 ha. Based on the resulted of the analysis, it was concluded that the effort of Model V was not
feasible because it has a negative NPV value and Net B / C Ratio <1 which meant that every (Rp.1, -) rupiah
invested value would only return 0.73 times over the value invested or capital does not return to normal. This
statement was reinforced by the IRR value was still smaller than the Minimum Acceptable Rate (MAR) of 5%.
The invested capital would return in the year 18.1. The resulted of a negative EAA analysis mean the value of
money that couldn’t be paid annually in the same amount of Rp. -854,897, - with an interest rate of 5%.

4.6 Recapitulation of Stand Financial Analysis

The conclusions obtained from the resulted of the recapitulation of financial analysis that was cultivated in
agroforestry and monoculture with a 5% discount factor, namely the exploitation of Model I, Model Il and
Model 1V were feasible because they have an IRR value higher than MAR 5% and Net B / C Ratio higher from 1.
Model 1l and Model V were not feasible because they have an IRR value lower than MAR 5% and Net B/ C
Ratio lower than 1. The optimum production of all models was reached at the ages of 25 years. The highest MAI
was achieved in Model IV of 7.34 m3ha-1 year-1 and the total volume was 183.56 m*ha™ year-1, while the
lowest MAI was achieved in Model Il of 6.25 m*ha-1 year-1 and the total volume was 33.10 m*ha-1 year-1.
Based on the analysis of effort scale results, Model I could be the first choice that was most feasible because it
has the lowest effort scale value, while Model V was the least feasible option to be cultivated because it has the
highest scale of effort. The NPV value of Model I, Model 111 and 1Vshown a positive value of Rp. 186,346,058, -;
Rp.97,546,242, - and Rp.41,099,472, -, while Model 1l and Model IV showed a negative value of
Rp.-15,590,541 and Rp.13,141,863.

Table 7. Recapitulation of sensitivity analysis at interest rate of 5%, 10% and 15% by cost raise to 10%

NPV (x Rp.1000) Net B/C Ratio
Model Stands IRR
5% 10% 15% 5% 10% 15%
| Teak Super + King Grass 166.475 48.952 11.256 3,34 1,882 1,23854 19,0%
I Teak Super (23.554) (36.546) (37.821) 0,62 0,260 0,10907 2,1%
1] Teak Solomon 83.990 (4.642) (30.276) 2,08 0,924 0,40829 9,5%
v Sungkai + Papaya 41.099 8.992 (1.003) 1,83 1,222 0,97159 14,2%
\Y Sungkai (20.063) (32.924) (34.636) 0,62 0,257 0,10777 2,3%

Table 8. Recapitulation of sensitivity snalysis at interest rate of 5%, 10% and 15% by benefit decrease to 10%

NPV (x Rp.1000) Net B/C Ratio
Model Stands IRR
5% 10% 15% 5% 10% 15%
1 Teak Super + King Grass 147.840 42.744 9.091 3,28 1,84 1,21 18,4%
2 Teak Super (21.965) (33.417) (34.455) 0,61 0,26 0,11 2,1%
3 Teak Solomon 74.235 (4.962) (27.803) 2,05 0,91 0,40 9,4%
4 Sungkai + Papaya 35.908 7.320 (1.533) 1,80 1,20 0,95 13,6%
5 Sungkai (18.749) (30.113) (31.557) 0,61 0,25 0,11 2,2%
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5. Conclusion

It’s concluded that by 5% discount factor, Model I, Model 111 and Model 1V were feasible to be cultivated which
more profitable than Model Il and Model V. The optimum production of all models was reached at the ages of 25
years, so we should take its value to be the planting rotation as the highest economic value. The highest MAI
was achieved in Model IV which had highest production, while the lowest MAI was achieved in Model 1l. Based
on the analysis of effort scale shown that Model I could be the best choice and most feasible than other because
it had the lowest effort scale value, while Model V was the least feasible option to be cultivated because it has
the highest scale of effort, so if we want to planting such types Model would better to have 16 ha maximum wide
area. Model I, Model 11l and IV shown the NPV positive value, while Model 1l and Model 1V shown the
negative value which not feasible to be cultivated. We suggested to give between 9,4% to 19% maximum interest
rate to the farmers' financial needs, then its level of survival interest rate would be managed to the selected types
plantation correctly.
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