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Abstract 
Coal mining has changed natural landscapes and is more likely to damage the environment. Based on this 
premise, a research on post-mining land use with respect to fodder conservation in the areas under forest stands 
was conducted. The purpose of this research was to determine the use or utilization of the post mining land under 
forest stands of PT Kitadin in East Kalimantan for cattle fodder conservation, which might provide answers for 
the improved management of post-mining land, as well as for the control and restoration of the natural balance. 
The results showed that each stand had a different amount of fodder/ forage production. Furthermore, the 4-year-
old stands (Acacia Mangium, Enterolobium cyclocarpum, Samanea saman and Hibiscus tiliaceus) had the ability 
to produce fodder/ forage with the average of 7.62 tons / ha / year with the average intensity of 291,504 lux / 
hour for the total of 12 hours. The highest production value was found under the hibiscus plant stands, which 
were 10.5 tons / ha / year and the lowest was under the acacia stands with 5 tons / ha / year.  
The growth of cattle in the area of post-mining land was 33%, in which the farmers gained a profit of USD 300/ 
year by raising three cows. If it became the main source of living for the farmers, the number of cattle raised 
should have been 15 cows. 
The beef demand insofar reached merely 1.56 kg / ha / year. However, to be able to self-support itself in terms of 
sufficient beef supply, East Kalimantan province needed 3 kg / capita / year, which required an addition of 
approximately 3.950 ha land areas and 43.200 cows. 
Strategic policies needed for this reason were controlling the beef import and increasing domestic production, 
followed by an improved implementation of forest conservation program by pruning in order to adjust the light 
settings when the plant canopies covered each other and as well farm business producing an output of zero 
waste. Moreover, the empowerment of local communities and stakeholders in managing forests as cattle fodder 
conservation would also be necessary.  
Keywords: Post-mining land, forest stands, cattle fodder/ forage conservation of PT Kitadin East Kalimantan                                 
. 
 
1. BACKGROUND 
The land use in East Kalimantan has changed rapidly and this change has been inevitably influenced by the 
global economy. It is widely known that East Kalimantan has abundant natural resources such as petroleum, 
natural gas, timber, gold, coal and many others. Wood, in particular, has been produced for quite a long period to 
meet the demands of domestic and international markets, which has resulted in the decrease of its production 
from year to year. In the past decade, there has been an increase in coal production to meet world market 
demand, so that its production continues to increase. However, coal is a non-renewable natural resource; 
therefore if it is not carefully managed, it will have a negative impact for the surrounding community. This is 
especially concerning the reclamation and re-vegetation activities in post-mining landscapes. 
 Attempts to utilize timber estate by using social approaches focus more on the efforts to provide 
livelihood and improve the welfare of local communities in order to maintain the conservation of forest 
resources in the post-mining land. Mining concession areas in East Kalimantan province have reached 1.09 
million ha (Anonymous, 2012b). The concession area belonged to PT Kitadin is 2,973 ha, which includes a 
reclamation area of 475 ha and a re-vegetated area of 507.5 ha. Under the forest stands of Acacia Mangium, 
Enterolobium cyclocarpum, Samanea saman and Hibiscus tiliaceus, cattle forage/ fodder may still grow. 

 
2. RESEARCH OBJECTIVES  
The research objectives were formulated as follows:   
• Investigating the effect of lights on the fodder/ forage production under the stands and on the fodder/ forage 

production which was not under the stands.   
• Knowing the development and production of cows in terms of increasing people's income. 
• Knowing the types of forage/ fodder which were less favored, favored, and highly favored by cattle raised on 

post-mining land.  
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• Assessing which strategy would be appropriate for using the post-mining land area under the forest stands for 
cattle fodder conservation.   

• Knowing which programs to implement in terms of raising cattle in a sustainable post-mining land. 
 
3. RESEARCH METHODS 
3.1. Research Location and Research Period 
The research was conducted in the post-mining land of PT Kitadin, starting from September 2011 to November 
2012. PT Kitadin mining site was located in Kutai Regency, East Kalimantan Province, Indonesia. 
Geographically, the area of PT Kitadin mining concession was located between the latitude of 0018'00, 0 "- 
0022'30, 0" and 11705'00, 0 "- 11707'49, 9" East Longitude (see  Figure 1 below). 

Figure 1. Map of the Research Location 
3.2. Research Object and Research Instruments 
Object in this research was the post-mining land underthe forest stands of Acacia mangium, Enterolobium 
cyclocarpum, Samanea saman and Hibiscus tiliaceus as cattle fodder conservation. 
The instruments or tools used in this research were GPS (Global Positioning System), Altimeter, Hobo (tool to 
determine the light intensity), clinometer, a 50 m-length meter stick and raffia cords, analytic and digital Scales, 
digital camera, handy cam, calculator and computer as well as laboratory instruments for the proximate test. 
 
3.3. Plot measurement 
The plots were designed into 8 units, with the size of 20 x 20 m in order to take samples of cattle fodder/ forage 
every 4 months, hence gaining the total weight in a year. Furthermore, on each plot, the species of grass which 
was less preferred; preferred, and highly preferred by cattle would be observed. The light intensity under the 
Acacia mangium, Enterolobium cyclocarpum, Samanea saman and Hibiscus tiliaceus stands as cattle fodder 
conservation was also observed. 
3.4. Weighing of Cattle Fodder under Forest Stands and the Proximate Test 
Weighing was done after the fodder under the Acacia mangium, Enterolobium cyclocarpum, Samanea saman 
and Hibiscus tiliaceus stands was cut in order to know the weight which was then converted to tons / ha / year. 
The proximate test was done to some parts of the sample to determine the content of the nutritional value such as 
water content (%), crude fiber (%), protein (%) and fat (%). 
 
3.5. Data Processing and Analysis 
Data concerning cattle fodder which were obtained under the forest stands as well as data on light intensity were 
processed and analyzed by using allometric statistical program.  
 
4. RESULTS AND DISCUSSION 
4.1. The Role of Light for the Cattle Fodder Production 
The investigation on the cattle fodder/ forage under forest stands can be described as follows: 
a. Fodder/ forage production under the Acacia mangium Stand 
The measurement of light intensity under forest stands which was monitored by a 5 minute interval indicated the 
qualitative change in the light intensity. The number of Acacia mangium trees planted in 2008, with a density of 
560 trees/ ha was up to 520 trees in 2012. The relative light intensity graph can be seen in Figure 2 below. 
 
Relative Light Intensity Field Condition 
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Figure 2. Relative Light Intensity curves and crop field conditions Acacia mangium 
 
From Figure 2, it could be explained that the coefficient of acacia variance was 1.3, which meant that the light on 
the acacia forest floor had small fluctuations, because the trees had a lot of long twigs and a big leaf size. The 
cumulative light intensity can be seen in Figure 3. 

 

 
 
Figure 3.The Amount of Light Reaching the Acacia mangium Forest Floor 
 
From Figure 3, it could be explained that the amount of light reaching the forest floor was1,859,434 lux with the 
grass production of 5 tons / ha / year, which grazed 30 cows as many as 3 times in a one year rotation, with the 
land capacity of 0.77 cow / ha / year. 
b. Enterolobium cyclocarpum Stand 
In the Enterolobium cyclocarpum stand, the average characteristics of light on a single day could be viewed 
cumulatively as follows. Changing light conditions could be viewed qualitatively. The Enterolobium 
cyclocarpum trees planted in 2008 grew into up to 625 trees / ha with 85% survival percentage (530 trees). It can 
be seen in the following Figure 4. 
 

   
 
Figure 4. Relative Light Intensity and Field Condition of Enterolobium cyclocarpum Stand 
 
From Figure 4, it could be explained that Enterolobium cyclocarpum produced a Coefficient of Variance of 1.7, 
which meant that the fluctuations in light intensity on the forest floor of Enterolobium cyclocarpum stand were 
higher than Acacia mangium stand. The amount of light received can be seen in Figure 5. 
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Figure 5.The Amount of Light Reaching the Enterolobium cyclocarpum Forest Floor 
From figure 5, it could be explained that the amount of light reaching the Enterolobium cyclocarpum forest floor 
was 2,598,999 lux, with total production of 6.5 tons / ha / year, 30 cows grazing in a 3 time rotation, and the land 
capacity of 1 cow / ha / year. 
 
c. Samanea saman Stand 
Samanea saman trees which were planted in 2008 had a tree density of 625 trees / ha with a survival percentage 
of 80% (500 trees). The relative light intensity could be seen qualitatively in the form of changing light 
conditions, which can be viewed from the graph of relative light intensity displayed in Figure 6. 

   
Figure 6. Relative Light Intensity and Field Condition of Samanea saman Stand 
 
From Figure 6, it could be explained that the coefficient of Samanea saman variance was 1.9, which meant that 
fluctuations in light intensity on the forest floor of Samanea saman stand were higher than Enterolobium 
cyclocarpum stand. The cumulative amount of light reaching the forest floor of Samanea saman can be seen in 
Figure 7 below. 
 

 
 
Figure 7.The Amount of Light Reaching the Samanea saman Forest Floor                                 . 
 
From Figure 7, it could be explained that the amount of light reaching the Samanea saman forest floor was 
4,031,036 lux. The grass production was 8.5 tons / ha / year, which grazed 30 cows as many as 3 times in a one 
year rotation, with the land capacity of 1.3 cow / ha / year. 
d. Hibiscus tiliaceus Stand 
Hibiscus tiliaceustrees planted in 2008 had a tree density of 625 trees / ha with a survival percentage of 70% 
(440 trees). In terms of the relative light intensity graph, the light condition change can be seen qualitatively. The 
relative light intensity can be seen in Figure 8 below. 
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Figure 8. Relative Light Intensity and Field Condition of Hibiscus tiliaceus Forest Stand 
From Figure 8, it could be seen that Hibiscus tiliaceus produced a coefficient of variance of 2.6. It indicated that 
fluctuations in light intensity on the Hibiscus tiliaceus forest floor were the highest and moreover, the tree had 
the least number of leaves. The cumulative amount of light that reached the forest floor of hibiscus tiliaceus can 
be seen in Figure 9. 

 

 
Figure 9.The Amount of Light Reaching the Hibiscus tiliaceus Forest Floor. 
 
From figure 9, it could be seen that the amount of light reaching the Hibiscus tiliaceus forest floor was 5,509,734 
lux with grass production of 10.5 tons / ha / year, which grazed 30 cows as many as 3 times in a one year 
rotation and with the land capacity of 1.6 cow/ ha / year. 
The Coefficient of Variance (CV) was employed to compare the changes in light intensity fluctuations. The 
greater the fluctuations in light intensity were, the larger the rate ofCoefficient of Variance would be. The values 
of coefficient of variance showed the characteristics of leaf numbers and tree shapes. Coefficient of variance 
could not only be an indicator of success in environmental management, but could also be used as an indicator of 
economic success. 
Solar energy is the energy source for photosynthesis. While the relationship between the integrated accumulative 
light intensity for each type of plant can be seen in Figure 10 below. 
    
 
Accumulative Light Intensity (lux / day) 
 
 

 
 
Figure 10. The Accumulative Sunlight Intensity under Forest Stands 
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From figure 10, it could be explained that the correlation between sunlight intensity on each type of crop from 
the highest to the lowest was as follows: Hibiscus tiliaceus, Samanea saman, Enterolobium cyclocarpum and 
Acacia mangium. The relationship between the light intensity and grass production can be seen in Figure 10. 
         
Grass production 
Ton/ha/year 

 
Picture 10. Relationship between Light Intensity and Grass Production 
 
From figure 10, it can be seen that the relationship between grass production and accumulative light intensity 
produced the following equation: y = 4.181ln (x) -53.27〗 and the value of coefficient of determination was r2 = 
0.9842. Based on the obtained formula, the values of tree characteristics toward the productivity of grass could 
be seen in the following Figure 11. 

 
Picture 11. Production of Grass / Forage in the Acacia mangium, Enterolobium cyclocarpum, Samanea saman 
and Hibiscus tiliaceus forests 
 
Figure 11 displayed the highest number of grass production which was found to grow along with the Hibiscus 
tiliaceus trees. On the other hand, it could be seen that the smallest number of grass production was found to 
grow along with acacia mangium trees. The production of fodder/ forage for livestock grazing can be seen in the 
following Figure 12. 
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Picture 12. Production of Cattle Fodder/ Forage in Post Mining Land  
 
Figure 12 may provide an explanation to whether there was a relationship between the influences of light 
intensity entering the post-mining land under forest stands and the production of grass /fodder to accommodate 
the cattle. 
The proximate test of grass grown in the post-mining land of PT Kitadin can be seen in the following figure 13. 
 
 

 
Picture 13. Proximate test of Grass Grown in the Post Mining Land 
From Figure 13, it seems that there were differences in the content of nutritional value of the types of forage 
which were preferred, considerably preferred and less preferred by cattle. Naturally, cattle could distinguish the 
type(s) they liked eating, such as Pennisetum purpureum and Euchlaena Mexicana with higher nutritional value 
compared with Micodonia Cordata and Mimosa pudica which they considerably liked, especially when 
compared with those not favored such as Oxalis Corniculata whose nutritional values, especially ash content, 
crude fiber and protein were lower. 
4.2. Profiles of Strategies in Post Mining Land Use 

The profiles of strategies in using post mining land under forest stands as cattle fodder conservation 
were obtained from the evaluation of internal and external factors. The value on the X axis (internal factors) was 
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obtained from the difference between the value of the strengths and weaknesses in the matrix of internal factor 
analysis summary (IFAS). Meanwhile, the Y-axis value (external factors) was the difference between the value 
of opportunities and threats in the evaluation matrix of external factor analysis summary (EFAS). 

The analysis showed that the government, especially the government of Kutai Regency, in utilizing the 
post mining land under forest stands of PT Kitadin as cattle fodder, belonged to the aggressive quadrant, in 
which the government was in a good position to use its internal strengths to take advantage of the opportunities 
that existed and to overcome internal weaknesses and external threats. More details can be seen in Figure 14 
below. 
 

 

 
 

Picture 14. Profiles of Strategies In Using Post-Mining Land under the Forest Stands for Cattle Fodder 
Conservation 
 
4.3. SWOT (Strength, Weakness, Opportunity and Threat) Matrix 
 
The SWOT matrix was used to determine some alternative strategies in using Post-Mining Land under Forest 
Stands of PT Kitadin for cattle fodder conservation.  Alternative strategies were obtained from the influencing 
internal and external conditions, as seen in Table 1. 
  



Journal of Environment and Earth Science                                                                                                                                        www.iiste.org 

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) 

Vol. 3, No.9, 2013 

 

203 

 
Table 1. SWOT Matrix of Post-mining land under forest stands utilization for cattle fodder conservation 
 
 
 

1. Experience of cattle breeders 
2. Available grass for fodder 
3. Potential land 
4. Cattle breeding systems 
5. Economic value of breeding 

 

 
 
 
1. Production and business 

management 
2. Limited capital 
3.Technology 
4.Use of concentrate food 
5.Caging 

 

 

 

1. The high demand  

For meat 

2. meat prices 

3.   Support and policy of 
local government 

4.   Capital aid for farmers 
5.   product development 

 
1. Cattle business development in the 

post-mining land as an alternative to 
improve the local economy 
 

2.Improved implementation of forest 
conservation programs and farming 
system with zero waste by actively 
empowering local communities  

 

 
1. Increasing the role, functions and 

authority of the stakeholders in 
forest management as a provider 
of cattle fodder 

 
 
 

 
 
1. Fluctuations 
2. Imported beef products 
3. Beef substitute products 
4. Diseases 
5. Competition 
 

 
1.Formulate policies and regulations that 

support farmers by subsidizing output 
within the authority of both the 
Central Government and Local 
Government. 

 
 
 
 

 
1. Improving the quality of human 
resources from local communities 
to utilize and conserve timber 
estates. 
 

2. The strengthening and the 
institutional involvement of local 
communities in farm activities 

 
 
4.4. Strategy Prioritization 
Strategy prioritization was included in the decision making stage of the strategic planning. The method used was 
Quantitative Strategic Planning Matrix (QSPM). This method was used to formulate prioritized strategies in 
utilizing the Post Mining Land under Forest Stands of PT Kitadin for cattle fodder conservation. QSPM analysis 
was done by giving the relative value of the attractiveness (attractive score - U.S.) to each of the internal and 
external factors. Strategies with the highest total value of relative attractiveness (total attractive score - TAS) 
became the prioritized strategies. The strategy prioritization can be seen in the following Table 2. 
 
Table 2.Strategy Prioritization Using QSPM 
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Table 2 (continued) 
Available grass for fodder  

0.13 
 
3 

 
0.39 

 
4 

 
0.52 

 
3 

 
0.39 

 
3 

 
0.39 

 
4 

 
0.52 

 
4 

 
0.52 

Potential land  
0.09 

 
3 

 
0.27 

 

 
4 

 
0.36 

 
4 

 
0.36 

 
4 

 
0.36 

 
3 

 
0.27 

 

 
3 

 
0.27 

 
 

Cattle breeding systems  
0.05 

 
4 

 
0.20 

 
3 

 
0.15 

 
3 

 
0.15 

 
3 

 
0.15 

 
3 

 
0.15 

 
3 

 
0.15 

Economic value of breeding  
0.04 
 

 
4 

 
0.16 
 

 
3 

 
0.12 

 
3 

 
0.12 

 
4 

 
0.16 

 
4 

 
0.16 

 
3 

 
0.12 

Weaknesses              
Production and business management  

0.19 
 
4 

 
0.76 

 
4 

 
0.76 

 
4 

 
0.76 

 
4 

 
0.76 

 
3 

 
0.57 

 
3 

 
0.57 

Limited capital   
0.13 

 
3 

 
0.39 

 
4 

 
0.52 

 
4 

 
0.52 

 
3 

 
0.39 

 
4 

 
0.52 

 
3 

 
0.39 

Technology  
0.09 

 
3 

 
0.27 

 
3 

 
0.27 

 
3 

 
0.27 

 
3 

 
0.27 

 
4 

 
0.36 

 
4 

 
0.36 

Use of concentrate food  
0.05 

 
3 

 
0.15 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

 
3 

 
0.15 

 
3 

 
0.15 

Caging 0.04 
 

3 0.12 4 0.16 4 0.16 3 0.12 3 0.12 4 0.16 

              
EXTERNAL              
Opportunities 

 
             

              
The high demand for meat 
 

 
0.19 

 
4 

 
0.76 

 
4 

 
0.76 

 
3 

 
0.57 

 
3 

 
0.57 

 
4 

 
0.76 

 
3 

 
0.57 

meat prices 
 

 
0.13 

 
3 

 
0.39 

 
4 

 
0.52 

 
4 

 
0.52 

 
4 

 
0.52 

 
3 

 
0.39 

 
3 

 
0.39 

Support and policy of local 
government  
 

 
0.09 

 
4 

 
0.36 

 
3 

 
0.27 

 
3 

 
0.27 

 
4 

 
0.36 

 
4 

 
0.36 

 
3 

 
0.27 

Capital aid for farmers 
 

0.05 
 
4 

 
020 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

Product development 
 

0.04 
 
4 

 
0.16 

 
4 

 
0.16 

 
3 

 
0.12 

 
3 

 
0.12 

 
3 

 
0.12 

 
3 

 
0.12 

              Threats              

Fluctuations 
 

0.19 
 
3 

 
0.57 

 
4 

 
0.76 

 
3 

 
0.57 

 
3 

 
0.57 

 
3 

 
0.57 

 
3 

 
0.57 

Imported beef products 
 

0.13 
 
4 

 
0.52 

 
4 

 
0.52 

 
3 

 
0.39 

 
4 

 
0.52 

 
3 

 
0.39 

 
3 

 
0.39 

Beef substitute products 
 

0.09 
 
4 

 
0.36 

 
4 

 
0.36 

 
3 

 
0.27 

 
4 

 
0.36 

 
4 

 
0.36 

 
4 

 
0.36 

Diseases 
 

 
0.05 

 
3 

 
0.15 

 
3 

 
0.15 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

 
4 

 
0.20 

Competition 
 

0.04 
 
3 

 
0.12 

 
4 

 
0.16 

 
3 

 
0.12 

 
4 

 
0.16 

 
4 

 
0.16 

 
4 

 
0.16 

Total   7.20  7.64  6.67  7.10  6.87  6.46 
 
Based on the results of the strategy prioritization using Quantitative Strategic Planning Matrix (QSPM), we 
obtained an alternative prioritized strategy in using post mining land under forest stands for cattle fodder 
conservation as seen in Table 3. 
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Table 3. QSPM of Using Post Mining Land under Forest Stands for Cattle Fodder  
 

No Alternative Strategy 
 TAS 
Value 

Priority 

 1 
Improved implementation of forest conservation programs 
and crop farm with zero waste system by actively 
empowering local communities 

7.64 1 

2 
Cattle business development in timber estates located in the 
post-mining land as an alternative to improve the local 
economy 

7.20 2 

3 
Formulate policies and regulations that support farmers by 
subsidizing output within the authority of both the Central 
Government and Local Government.  

7.10 3 

4 
Improving the quality of human resources from local 
communities to utilize and conservetimber estates 

6.87 4 

5 
Increasing the role, functions and authority of the 
stakeholders in forest management as a provider of cattle 
fodder 

6.67 5 

6 
The strengthening and the institutional involvement of local 
communities in farm activities.  

6.46 6 

 
From Table 4, it could be seem that the results of Quantitative Strategic Planning Matrix (QSPM) produced six 
(6) alternatives of prioritized strategy in using the post mining land under the forest stands of PT Kitadin for 
cattle fodder. The improved implementation of forest conservation programs and crop farm with zero waste 
system by actively empowering local communities occupied the first priority, with the TAS value of 7.64. The 
second priority was the cattle business development in timber estates located in the post-mining land as an 
alternative to improve the local economy, with the TAS value of 7.20. The third priority was in the form of 
formulating policies and regulations that support farmers by subsidizing output within the authority of both the 
Central Government and Local Government, with the TAS value of 7.10. The fourth priority was to improve the 
quality of human resources from local communities to utilize and conserve timber estates, with the TAS value of 
6.87. The fifth priority was increasing the role, functions and authority of the stakeholders in forest management 
as a provider of cattle fodder, with the TAS value of 6.67. The last priority with the TAS value of 6.46 was 
concerning the strengthening and the institutional involvement of local communities in farm activities                                  
 
5. CONCLUSIONS AND RECOMMENDATIONS 
5.1. Conclusions 
Based on the research conducted, it can be concluded that: 
a. Sunlight in the area of post mining land affected the growth of cattle fodder/ forage with the average value of 

291,504 lux / hour for the total of 12 hours. 
b. Fodder/ forage production under the forest stands was very different, with the average of 7.62 tons / ha / year. 

The highest production value was found under the stands of hibiscus, amounted to 10.5 tons / ha / year 
whereas the lowest value was found under the stands of acacia, with 5 tons / ha / year. 

c. To optimize fodder/ forage production, canopy trimming (pruning) on stands canopy after the trees reached 
the age of 4 years was necessary. 

d. The growth rate of dairy farms in the post-mining land was 33% with the profits of USD 300/household/year. 
In order to have a decent living, breeders have to raise approximately 15 cows /household. 

e. The current beef demand in East Kalimantan has reached 1.56 kg / capita / year. Thus, to achieve self-
sufficiency in meat with the average of 3 kg / capita / year, the number of additional cows required was up to 
43,200 out of a total number of 90,000, which was more than the existing number of cows at the moment. 

f. Strategic policy that needed to be done was to strengthen the synergy between the government, corporate, 
community and academia to enhance their roles respectively and to work together in order to maintain the 
quality of the environment as well as to support sustainable development. 
5.2. Recommendation 

PT Kitadin and community members are expected to improve the social management in using the post 
mining land under forest stands for cattle fodder. This is the most important integrated part of the effort to 
preserve sustainable forest environment in order to improve the welfare of local farmers surrounding the post-
mining land. In addition, the government should act as the policy makers that can ensure the appropriate 
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implementation of animal husbandry and good animal health. Moreover, the provision of land that meets the 
technical requirements of farming and animal health is also deemed as necessary. 
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