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ABSTRACT 
 

A study was carried out in the Department of Forestry, University of 
Agriculture, Faisalabad during 2013 to determine the best economic rotation of 
three farm trees, Dalbergia sissoo, Acacia nilotica and Albizzia lebbeck in tehsil 
Muzafargarh, Punjab, Pakistan. Five villages from whole tehsil were randomly 
selected. From each village, five plots each having an area of 5 acres growing 
with above three species were further chosen randomly. Thus a total of 25 
plots with an area of 125 acres were sampled. From total 462 trees of all 
species, 120 trees of each species were randomly selected becoming a total 
number of trees 360. Maximum age of trees in case of all species was 6 years. 
So, 20 trees of each age (from 1 to 6 years) were selected, making a total of 120 
for each single species. The data showed that farmers were following no 
specific rotation, but the age at which they mostly fell the trees was 2 to 5 
years. Benefit cost ratio (BCR) and net present worth (NPW) were used as 
economic tools for calculating the best economic rotation. Three rotation 
options were tested viz. single rotation of 6 years, two successive rotations of 
3 years each with total life span of 6 years and third option was two rotations, 
first of 4 years and second of 2 years with total span of 6 years. The best 
economic rotation for Dalbergia sissoo (BCR 301.72 and NPW Rs. 1503.64) and 
Albizzia lebbeck (BCR 295.89 and NPW Rs. 1474.48) was single rotation of 6 
years, while for Acacia nilotica, two successive rotations of 3 years each 
performed better. 
 
KEYWORDS: Farm trees; Dalbergia sisso; Acacia nilotica; Albizzia lebbeck; 

economic rotation; benefit cost analysis; Muzaffargarh; 
Pakistan.  

 
INTRODUCTION 

 
Different rotations of trees affect the economic returns differently. Farmers 
usually harvest trees when they need money for their household needs. They 
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do not take care of impact of various tree rotations on the income received.  
Moreover, data available on best economic rotations of various trees species 
is insufficient. The fertility of soil, availability of irrigation water and place of 
planting, affect significantly the price of tree, in addition to other factors.  
 
Dalbergia sissoo is planted for fuel at a rotation of 10, 12, 14 and 15 years by 
various farmers. The second, third and fourth crops are taken by some 
farmers through coppice/ratooning. The coppice is relatively weak than first 
crop. Charcoal is made from Shisham wood and is used for heating/cooling 
purposes (3). 
 
Jalota and Sangha (6) tested two rotations of Eucalyptus camaldulensis to 
determine the best economic rotation.  Total income was Rs. 5,211,669 per 
hectare at a rotation of 21 years. It increased to Rs. 7,449,253 per hectare 
when a number of rotations were followed with total life span of 21 years. 
Nissen (4) calculated the economic rotation of Paraserienthes trees found 
that rotation of three years, the net return was -12000 Philippine Pesos. It 
jumped to 73320 Pesos when rotation was increased to six years. Tanvir et 
al. (7) calculated the best rotation of Eucalyptus camaldulensis and reported 
a price of Rs.42.41 per cubic feet at a rotation of 8 years and Rs. 53.28 at a 
rotation of 6 years. It means that decrease in rotation increased the price of 
trees per unit volume.  
 
In Queensland, England, a hard wood forest was tested for various rotations. 
The forest was in a loss of $ 2086  per hectare at 10 years rotation. The loss 
was converted to a net income of $ 860  per hectare at a rotation of 20 years. 
The net income further increased to $ 2300 per hectare when a further 
increase in rotation was made by 5 years.  Worth of carbon sequestered by 
trees was $ 1456  at 10 years rotation which increased to $ 2018  per hectare 
at 20 years rotation. It further jumped to $ 3756  per hectare by increasing 
rotation to 25 years (8). Friday et al. (2) worked on the financial analysis of 
Teak plantation in Hawaii, USA. They reported a positive NPW, amounting to 
$ 2713 per acre at a rotation of 35 years. Anjum et al. (1) carried out 
economic evaluation of Kamalia plantation in district Toba Tek Singh. They 
reported that plantation was in economic loss with NPW of Rs. -0.014 million 
and return on investment -89.15%.  
 

Roja et al. (5) mentioned that Cordia tree when grown at a rotation of 60 
years, had a BCR of 5.61 and NPW of 265 Mexican Pesos. The economic 
performance of the tree became poor at a rotation of 40 years with a BCR of 
2.11 and NPW 102.47 Mexican Pesos. It means that decreasing rotational 
length had a negative impact on the economic performance of Cordia tree. 
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So, rotation of trees need to be determined on area basis. e.g. on tehsil basis 
as sufficient data on economic rotation of various farm trees is not available 
at tehsil level, so present study was conducted to fill this research gap.   

 
MATERIALS AND METHODS 

 
This study was carried out in the Department of Forestry, University of 
Agriculture Faisalabad, Pakistan during the year 2013. Five villages of tehsil  
Muzaffargarh, Punjab were randomly selected. From each village, 5 plots 
each having an area of 5 acres were selected by simple randomization 
technique. Thus 25 acres of land from each village was sampled making a 
total of 125 acres.  Observations/data on following parameters were recorded 
through a questionnaire. 
 

 Tree species growing there. 

 Total number of trees of each species. 

 Total number of trees of all species. 

 
Total number of trees of all species was 462 in the sampled fields. From 
these, 120 trees of each species were selected for data collection. Thus total 
number of trees of all three species was 120 x 3 = 360. Among 120 trees of 
each species, 20 trees belong to each age year (from 1-6 year). Thus making 
a total of 20 x 6 = 120. 

 
The price of each standing tree was obtained from the farmer. Farmers had 
trees of maximum six years age in case of all species. Farmers were 
following different rotations in all tree species. The most common rotations 
were two, three and five years. So maximum rotation to be tested was fixed 
as six years. Three rotation options were analyzed. First option was one 
rotation of six years. Second option was two rotations, each of three years 
with a total span of six years, while third option was two rotations, first of four 
and second of two years. All these rotation options had total duration of six 
years. The cost of trees included only cost of seedling. Other costs such as 
water and fertilizer were crop costs as there was no method to determine the 
separate amounts of water and fertilizer used by crop and trees. Further all 
farmers agreed that trees upto the age of six years do not harm the crops. 
After it, the trees were harvested.  
 
The data was tabulated, discounted, and economically analyzed using 
following tools/techniques as described earlier (1). 
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Discounting 
 

Discounting was carried out to bring all values of cost and benefit stream at 
the same currency level. Discount factor was multiplied with the relevant 
values of cost and benefit stream.  Following formula was used to calculate 
discount factor for various years. 
 

Discount factor = 1/(1+ i)
n
 

where 
I = Discount rate 
N = Number of years for which discount factor is to be calculated (1 for 1

st 

year, 2 for 2nd year and so on). 
 

Discounting was carried out at 10% interest rate.  
 

Net present worth (NPW) and benefit cost ratio (BCR)  
 

NPW was calculated by using the following formula: 
NPW = -C0 + C1 /1+r + C2/ (1+r) 2 +-------+ CT/ (1+r) T 
-C0 = Initial investment 
C = Cash flow 
R = Discount rate 
T = Time 
 

The project with positive NPW is acceptable and vice versa. 
 

                                                   Discounted benefits 
BCR = —————————— 

                                                     Discounted cost 
 

The project with BCR of 1 or more is acceptable and vice versa. 
 

RESULTS AND DISCUSSION 
 

Best economic rotation of Albizzia lebbeck 
 

Average price of tree at the age of 1-6 years and its PW is shown in Table 1. 
 
Table 1. Average price per tree, present worth of price and discount factor for various years. 

 
Age (years) Discount factor @ 10 percent Average price (Rs.) PW of price (Rs.) 

1 0.909 243 220.909 
2 0.826 344 284.297 
3 0.751 912 685.199 
4 0.683 1208 825.080 
5 0.621 2156 1338.706 
6 0.564 2621 1479.486 
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The discount factor for each year is mentioned in separate column. PW of 
price at first year was Rs.220.91 which increased to Rs. 685.199 in 3rd year 
and Rs.1479.486 in 6

th
 year. 

 
Six years rotation: The cost of one tree seedling was Rs.5 while, the price 
of tree at the age of six year was Rs. 1479.48 (Table 2). BCR was found to 
be Rs. 295.89 and NPW as Rs. 1474.48. These results agree to the findings 
of Nissen (4) who calculated the NPW of a Eucalyptus plantation with a 
positive sign (73320 Philippine Pesos) at a rotation of six years. Although the 
species were different but it is clear that rotation of six years is common in 
farm trees/plantations. 
 

Table 2. Rotation of six years. 
 

Age (Years) Cost (Rs.) Benefits (Rs.) D.F PW cost (Rs.) PW benefit (Rs.) 

0 5 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 0 0  0 0 
4 0 0  0 0 
5 0 0  0 0 
6 0 2621 0.56 0 1479.48 

                                     Total 5 1479.48 
                                     BCR 295.89 
                                     NPW (Rs.) 1474.48 

 
Two rotations of three years each (3+3 = 6 years): The cost of tree 
seedling planted in first year was Rs. 5, while the price of three years old tree 
was Rs. 684 (Table 3). The cost of seedling planted at 4th year was Rs. 3.4 
while, price of tree harvested at 6

th
 year (at a rotation of 3 years) was Rs. 

510.72.  The total cost for six years was Rs. 8.4 with a total income of Rs. 
1194.72. BCR 142.22 and NPW Rs. 1186.32. These results are in contrast 
with the findings of Jalota and Sangha (6) who tested rotations of Eucalyptus 
camaldulensis to determine the best economic rotation. 
 
Table 3.    Rotation 3 + 3 = 6 years. 

 
Age (Years) Cost (Rs.) Benefits (Rs.)  D.F PW cost (Rs.) PW benefit (Rs.) 

0 5 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 0 912 0.75 0 684 
4 5 0 0.68 3.4 0 
5 0 0  0 0 
6 0 912 0.56 0 510.72 

            Total 8.4 1194.72 
                                         BCR 142.22 
                                         NPW (Rs.) 1186.32 
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A total income noted was Rs. 5,211,669 per hectare at a rotation of 21 years 
which increased to Rs. 7,449,253 per hectare when a number of rotations 
were followed with total lifespan of 21 years. The difference in results may be 
due to different species, variation in climate and market prices. 
 
Two rotations, first of four and second of two years (4+2=6 years): Cost 
of tree seedling planted at first year was Rs. 5 and price of tree at age of four 
years was Rs. 821.44 (Table 4). The cost of seedling planted at 5

th
 year was 

Rs. 3.1 and price of tree at age of two years (total span of 4+2 = 6 years) 
was Rs. 192.64 while, BCR was 125.19 and NPW Rs. 1005.98 for total six 
years. Again, these results do not agree to the findings of Jalota and Sangha 
(6) who worked on the economics of Eucalyptus. The difference in results 
may be due to different species, variation in climate and market prices.  
 
Table 4. Rotation 4 + 2 = 6 years. 
 

 

Comparison of different rotations of Albizia lebbeck: The best economic 
rotation of Albizia lebbeck was found to be six years with a BCR of 295.89 
and NPW Rs. 1474.48 followed by rotation 3+3 = 6 years with BCR of 142.22 
and NPW Rs. 1186.32 (Table 5). 
 

Table 5. Comparison of different rotations of Albizzia lebbeck. 

 
Parameters Rotation 

6 years 3+3 years 4+2 years 
BCR 295.89 142.22 125.19 

NPW (Rs.) 1474.48 1186.32 1005.98 

 

Best economic rotation of Dalbergia sissoo 
 

Average price of Dalbergia sissoo tree from 1 to 6 years age and its present 
worth is shown in Table 6.  The discount factor for each year is mentioned in 
separate column. Present worth (PW) of price at first year was Rs. 215.227 
which increased to Rs. 666.416 in 3

rd
 and Rs. 1520.692 in 6

th
 year.  

Age (Years) Cost Benefits (Rs.) D.F PW cost (Rs.) PW benefit (Rs.) 
0 5 0 1 5 0 
1 0 0  0 0 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 1208 0.68 0 821.44 
5 5 0 0.62 3.1 0 
6 0 344 0.56 0 192.64 

                            Total 8.1 1014.08 
BCR 125.19 

         NPW (Rs.) 1005.98 
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Table 6. Average price per tree, present worth of price and discount factor for 
various years of Dalbergia sissoo. 

  

Age (years) Discount factor @ 10% Average price (Rs.) PW Price(Rs.) 

1 0.909 236.75 215.227 
2 0.826 326 269.421 
3 0.751 887 666.416 
4 0.683 1544 1054.572 
5 0.621 2104 1306.418 
6 0.564 2694 1520.692 

 

Six years rotation: The cost of one tree seedling was Rs.5 while, the price 
of tree at the age of six year was Rs. 1508.64. BCR was found as 301.72 and 
NPW as Rs. 1503.64 (Table 7). These results ar in accordance with the 
findings of Friday et al. (2) who worked on the financial analysis of Teak 
plantation in Hawaii, USA and reported a positive NPW at a rotation of 35 
years.  

 

Table 7. Rotation of six years.  
  

Age (yrs) Cost (Rs.) Benefits (Rs.) D.F PW cost (Rs.) PW benefit (Rs.) 
0 5 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 0 0  0 0 
4 0 0  0 0 
5 0 0  0 0 
6 0 2694 0.56 0 1508.64 

                              Total 5 1508.64 
BCR 301.72 

 NPW 1503.64 

 
Two rotations of three years each (3+3 = 6 years): The cost of tree 
seedling planted in first year was Rs. 5 while, the price of 3 years old tree 
was Rs. 665.25 (Table 8). The cost of seedling planted at 4

th
 year was 

Rs.2.06 while price of tree harvested at 6
th
 year (at a rotation of 3 years) was  

 
Table 8. Rotation 3 + 3 years.   

 
Age (Years) Cost (Rs.)  Benefits (Rs.) D.F PW cost (Rs.) PW benefit (Rs.) 

0 0 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 5 887 0.75 0 665.25 
4 0 0 0.515 2.06 0 
5 0 0  0 0 
6 5 887 0.56 0 496.72 

                              Total 7.06 1161.97 
 BCR 164.58 

  NPW 1153.57 
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Rs. 496.72.  The total cost for six years was Rs. 7.06 and total income Rs. 
1161.97. BCR was 164.58 and NPW was Rs. 1153.57. These results agree 
to the findings of Roja et al. (5) who reported that Cordia tree generated BCR 
of 5.61 and NPW of 265 Mexican Pesos at a rotation of 60 years. The values 
of economic indicators reduced at a rotation of 40 years with a BCR of 2.11 
and NPW Rs. 102.47 Mexican Pesos. 
 

Two rotations, first of four and second of two years (4+2=6 years): Cost 
of tree seedling planted at first year was Rs. 5 and price of tree at age of 4 
years was Rs. 1049.92 (Table 9). The cost of seedling planted at 5

th
 year was 

Rs. 3.1 and price of tree at age of two years (total span of 4+2 = 6 years) 
was Rs. 182.56. BCR was 152.15 and NPW Rs. 1224.38 for total six years. 
These results showed interesting trend as NPW was greater at a rotation of 
six years (Rs. 1508.64) and decreased at 3+3 years rotation (Rs. 1153.57) 
again increased at this particular rotation (1224.38). The reason is that at a 
rotation of four years, the volume of tree increased and during next two years 
the discount factor significantly decreased.  
 

Table 9. Rotation 4 + 2 = 6 years. 
  

Age (years) Cost (Rs.) Benefits (Rs.) D.F PW cost (Rs.) PW benefit (Rs.) 

0 5 0 1 5 0 
1 0 0  0 0 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 1544 0.68 0 1049.92 
5 5 0 0.62 3.1 0 
6 0 326 0.56 0 182.56 
   Total 8.1 1232.48 
    BCR 152.15 
    NPW 1224.38 

 

Comparison of different rotations of Dalbergia sissoo: The best 
economic rotation was found to be six years with a BCR of 301.72 and NPW 
Rs. 1503.64 (Table 10). The second best rotation was 4+2 = 6 years with 
BCR of 152.15 and NPW Rs. 1224.38. 
 

Table 10. Comparison of different rotations of Dalbergia sissoo. 
 

Parameters Rotations 

6 years 3 + 3 years 4 + 2 years 
BCR 301.72 164.58 152.15 
NPW 1503.64 1154.91 1224.38 

 
Best economic rotation of Acacia nilotica 
 

Average price for the age of 1-6 years and its present worth is shown in 
Table 11.  The discount factor for each year is mentioned in separate 
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column. PW at first year was Rs. 251.136 which increased to Rs. 704.357 in 
3rd and Rs. 1021.697 in 6th year.  
 

Table 11. Average price per tree, present worth of price and discount factor for various years. 
 

Age (years) Discount factor @ 10% Average price/tree (Rs.) PW price (Rs.) 
1 0.909 276.25 251.136 
2 0.826 385 318.181 
3 0.751 937.5 704.357 
4 0.683 1249.75 853.596 
5 0.621 1496.25 929.053 
6 0.564 1810 1021.697 

 

Six years rotation: The cost of tree seedling planted at the start of first year 
was Rs.5 while, the price of a tree at the age of six years was Rs. 1013.60. 
BCR was found to be 202.72 and NPW as Rs. 1008.6. These results are in 
line with the findings of Friday et al. (2) who worked on the financial analysis 
of Teak plantation in Hawaii, USA. They reported a positive NPW, amounting 
to $ 2713 per acre at a rotation of 35 years. Although the species and 
rotation are different but in both cases NPW is positive.                                
 

Table 11a. Rotation of six years. 
 

Age (years) Cost (Rs.) Benefits (Rs.) D.F. PW cost (Rs.) PW benefit (Rs.) 

0 5 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 0 0  0 0 
4 0 0  0 0 
5 0 0  0 0 
6 0 1810 0.56 0 1013.6 

                              Total 5 1013.6 
BCR 202.72 
 NPW 1008.6 

 

Two rotations of three years each (3+3 = 6 years): The cost of tree 
seedling planted in first year was Rs. 5 (Table 12) while, the price of three 
years  old  tree  was Rs. 703.125. The  price  of  tree  harvested  in  6

th
  year 

 
Table 12. Rotation 3 + 3 years. 

 

Age (years) Cost (Rs.) Benefits (Rs.) D.F. PW cost (Rs.) PW benefit (Rs.) 
0 5 0 1 5 0 
1 0 0  0 0 
2 0 0  0 0 
3 0 937.5 0.75 0 703.125 
4 5 0 0.515 2.06 0 
5 0 0  0 0 
6 0 937.5 0.56 0 525 

                    Total 7.06 1228.125 
BCR 173.95 

 NPW 1221.06 
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(at a rotation of 3 years) was Rs. 525.  The total cost for six years was Rs. 
7.06 and total income was Rs. 1228.125. BCR was 173.95 and NPW as Rs. 
1221.06. These results are in accordance with the findings of Jalota and 
Sangha (6) who worked on the economics of Eucalyptus.  
 
Two rotations, first of four and second of two years (4+2= 6 years): Cost 
of tree seedling planted at first year was Rs. 5 and price of tree at age of four 
year was Rs. 849.83 (Table 13). The cost of seedling planted at 5

th
 year was 

Rs. 3.1 and price of tree at age of two years (total span of 4+2 = 6 years) 
was Rs. 215.6. BCR was found to be 131.53 and NPW Rs. 1057.33 for total 
six years. 

 
Table 13. Rotation 4 + 2 = 6 years.  

     
Age (years) Cost (Rs.) Benefits (Rs.) D.F. PW cost (Rs.) PW benefit (Rs.) 

0 5 0 1 5 0 
1 0 0  0 0 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 1249.75 0.68 0 849.83 
5 5 0 0.62 3.1 0 
6 0 385 0.56 0 215.6 

                          Total 8.1 1065.43 
BCR 131.53 

 NPW 1057.33 

 

These results are in accordance with the findings of Jalota and Sangha (6) 
who reported that converting the total rotational age with a number of 
rotations increased the net income of Eucalytpus camaldulensis. 
 

Comparison of different rotations of Acacia nilotica: The best economic 
rotation was found to be 3+3= 6 years with a BCR of 173.95 and NPW Rs. 
1221.06 (Table14). The second best rotation was 4+2 = 6 years with BCR of 
131.53 and NPW Rs. 1057.33. 
 

Table 14.  Comparison of different rotations of Acacia nilotica. 
 

Parameters 
Rotation 

6 years 3+3 years 4+2 years 
BCR 202.72 173.95 131.53 
NPW 1008.6 1221.06 1057.33 

 
RECOMMENDATIONS 

 
The farmers are recommended to grow Albizzia lebbeck and Dalbergia 
sissoo at a rotation of 6 years and Acacia nilotica at a rotation of 3+3= 6 
years for maximum economic returns. 
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