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Abstract: A study was carried out to identify the best rotation age of Dalbergia sissoo (Shisham) trees growing
at Chichawatni Irrigated plantation in Punjab, Pakistan during the year 2012. Three rotation options were
studied viz. (1) 21 years rotation being practiced presently, (2) two rotations, first of 10 years and second/next
of 11 years comprising a total of 21 years and (3) three successive rotations of 6 years each and last rotation
of 3 years with a  total  span  of  21  years.  The data required for this study were collected from the office of
Sub-Divisional Forest Officer, Chichawatni plantation. Trees of all age groups from year 1 to year 21 were
present in the plantation. So, the data on the establishment cost and maintenance cost of the plantation from
1  to 21 year were collected. The data were discounted at 8 percent discount/interest rate. Results indicatedst st

that plantation of Shisham was in financial loss under all rotation options. However, maximum net present worth
(Rs. -287485.73 ha ) was obtained under third rotation option against minimum (Rs. -564408.12 ha ) under first1 1

rotation system. Similarly maximum benefit cost ratio (0.77) and return on investment (-22.48%) were also found
in third rotation system against minimum (0.53 and -46.56% respectively) from first rotation system. The results
further indicated that cultivation of Shisham under existing rotation of 21 years is unprofitable. However, the
economic losses can be significantly reduced by adopting the third rotation option. It is recommended that
other agro-forestry options including tree-livestock, tree-poultry farm, tree-farm crops etc. should be tested to
see whether net present worth may be made positive or not. 
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INTRODUCTION important  tree  of  these  plantations  is  being  managed

There are a number of irrigated plantations in investigated  that  how  the  change  in  rotation   can
Pakistan. These plantations were established for affect  the  economic  productivity  of this important
providing fuel wood for railway engines during British timber  of  Pakistan.  To fill this research gap, present
rule. After the discovery of coal, the aim of management study  was  designed.  Kamalia plantation being one of
of these plantations was changed to timber production. the major plantations of Punjab was selected as a case
These plantations are an important source of high quality study.
timber. These cover an area of 367200 acres in Punjab Landlords plant Dalbergia sissoo trees in close
province. They produce 719 cubic feet of firewood and 26 spacing at a rotation of 5 to 10 years. Afterward, these
cubic feet of timber per acre per annum respectively [1]. trees are harvested for fuelwood and other purposes [2].

The age at which a tree is harvested is known as its The calorific value of sapwood of Shisham is 4,908 kcal/kg
rotation. It has great impact on the profitability of the and heartwood is 5,181 kcal/kg. As fuelwood/firewood, it
trees/plantations. Dalbergia sissoo which is the most is raised on 10 to 15 years rotation [3].

on 21 years rotation age, presently. But it is yet to be
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Two plantations, one of Dalbergia sissoo and other Economic evaluation of a hardwood plantation at
of Eucalyptus belonging to two age groups i.e. 6-8 years
and 19-21 years were compared in terms of net benefits.
An evaluation of both plantations at 8 years rotation,
indicated  that  the total economic value of tangible
(timber, fodder and fuelwood) and ecological benefits
(phyto-remediation, soil nutrient percentage and nutrient
return from litter) was 1.6 times higher in Eucalyptus than
Dalbergia sissoo plantations, mainly because of timber.
However, environmental benefits were 1.8 times higher in
Dalbergia than Eucalyptus plantations. In case of 21
years rotation, Dalbergia contributed 2.7 times additional
benefits than Eucalyptus [4].

Shisham is harvested at 10 to 15-year rotation for
fuelwood purpose. The tree has outstanding coppicing
capacity, although it loses vigor after 2 to 3 rotations.
Shisham wood is used for making best quality charcoal
which is used for heating and cooking purposes [5]. Jalota
and Sangha [6] calculated the economic returns of
Eucalyptus tereticornis at two rotation options. Under
one rotation of 21 years, total returns were Rs. 5 211 669
and under a number of rotations with total span of 21
years, the income increased to Rs. 7 449 253 ha . Nissen1

[7] calculated the economic returns of Paraserianthes
falcataria trees at various rotations. The total returns
increased from Philippine pesos -12000 to 73320 when
rotation was increased from 3 years to 6 years. The benefit
cost ratio also increased significantly. 

Pitigala and Gunatilake [8] reported NPW of a pine
plantation as LKR. -21999.85 and of a Mahogany
plantation as LKR. -4267.98. The negative sign clearly
indicates  the  economic loss of both plantations. Tanvir
et al. [9] found that the price of Eucalyptus
camaldulensis increased from Rs. 36.6 to Rs. 42.41 and Rs.
53.28 per tree when rotation was decreased from 8 years to
6 years and 5 years respectively. Omer et al. [10]
compared the growth and income of various tree species.
It was observed that Eucalyputs was best among exotic
species and Albizzia procera among indigenous species.
Chaudhary et al. [11] reported that cultivation of Populus
deltoides with various agricultural crops was
economically acceptable at various rotation ages of trees.
Tanvir et al. [12] calculated the economic rotation of
Bomax ceiba (Simal/Simbal tree). They described that per
tree price increased from Rs. 94.41 to Rs. 1643 when
rotation was increased from 6 years to 10 years. On the
other hand, price of per cubic meter of wood increased
from Rs. 468.41 to Rs. 2517.74 on the same rotation ages,
respectively.

different rotation options in Queensland, England was
carried out. Total returns from timber increased from -2086
$ ha  to 860 and 2300 $ ha  by increasing the rotation1 1

from 10 years to 20 and 25 years respectively. Value of
carbon sequestration also increased from -1456 to 2018
and 3756 $ha on the same rotation ages respectively. On1

the other hand, salinity amelioration values were found to
be 2516 $ ha  at 20 years rotation and 4254 $ ha  at 251 1

years rotation. Other ecosystem values also increased
from 3293 to 5031 $ ha  on increasing rotation from 20 to1

25 years [13]. Mutanal et al. [14] carried out economic
evaluation of a tree-farm crops (agro-forestry) plantation.
They reported that the plantation generated a NPW of Rs.
10870.2, BCR of 1.77 and ROI of 77%. Anjum [15]
calculated economics of a farm forestry plantation
consisting of sugarcane in combination with mixed tree
species. He described that total cost of plantation was Rs.
118279.8 while gross benefits were Rs. 268090 ha . NPW,1

BCR and ROI were found to be Rs.149810.2, 2.26 and
126.65% respectively. He found that maximum charges
(Rs. 44149 ha ) were paid for land rent while minimum Rs.1

(2570.63) for plant protection. The present study was
therefore mainly conducted to know that how the
profitability/economic losses are affected by changing the
rotation of Dalbergia sisso, at Chichawatni irrigated
plantation.

MATERIALS AND METHODS

Chichawatni  irrigated  plantation  is located in
District Sahiwal, Pakistan. Its total area is 11521 acres
(4664.37 hectares). It is being managed for production of
commercial timber. Fuel wood is also produced in large
quantities. Major tree species are Dalbergia sissoo
(Shisham), Eucalyptus camaldulensis (Sufeida) and
Bombax ceiba (Simal). Dalbergia sissoo is the major tree
species cultivated at a distance of 3.05 meter between
rows and 1.82 meter between plants, at a rotation age of 21
years. The tree crop is raised through stumps/root-shoot
cuttings in spring season. Three thinnings are carried out
throughout the rotation of the tree crop during 6 , 11  andth th

16  year of age. The purpose of thinning is to minimize theth

competition between the remaining trees and to get some
intermediate income [16]. Three rotation options were
analyzed. First option was one rotation of 21 years.
Second     option  was  two  rotations  including  first  of
11  years and second of 10 years. Third option was three
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successive    rotations  of  6  years  and  last  rotation  of Benefit Cost Ratio (BCR) = Discounted benefits/
3  years. All these rotation options had total duration of Discounted cost
21 years. Return on Investment (ROI) = (Discounted benefits -

The data regarding the expenditures for Discounted cost) /  (Discounted Cost) x 100
establishment and maintenance of 1 hectare of Shisham
plantation was collected from the official record Volume of harvestable/salable wood was determined
maintained by Sub-Divisional Forest Officer of by using the volume tables of Chichawatni irrigated
Chichawatni plantation. The data included establishment plantation [17]. Present prices of Shisham wood being
cost and maintenance cost of plantation. The charged at Chichawatni plantation were used for
establishment cost included the cost of land rent, site calculation of revenue. In each thinning, 741 cubic feet
clearance including removal of undesirable wood per hectare was harvested while price per cubic feet
biomass/stones, collection and burning of tree debris, was Rs.500. The final harvesting at 21 years age yielded
ploughing and leveling of land, layout and making of khal 1482 cubic feet of wood. Land rent of private farmlands
etc, slot/pit making, planting material and its planting, around the plantation was determined verbally and used
irrigation charges, weeding, pesticides and miscellaneous for calculations because both lands belong to land
costs. The maintenance costs included land rent, capability class-I.
weeding, reopening of trenches, irrigation, silt clearance,
regeneration/replanting in place of dead plants, pesticides RESULTS AND DISCUSSION
and their application and miscellaneous charges. The data
was tabulated, discounted and economically analyzed by Break-up of Expendtiures for Raising Shisham
using following tools/techniques as described by [15]. Plantation: The results indicated that total charges for the

Discounting: Discounting was carried out to bring all the were Rs. 144618 ha  (Table 1). Maximum charges (Rs.
values of cost and benefit stream at the same currency 100,000ha  yr ) were paid in terms of land rent while
level. Discount factor was multiplied with the relevant minimum (Rs.494 ha  yr ) for irrigation. Layout and
values of cost and benefit stream. Following formula was digging of trenches claimed Rs. 17784 ha and removal of
used to calculate discount factor for various years. woody and non woody weeds claimed Rs. 4940 ha .Cost

Discount Factor = 1/(1+ i) transportation. These results are in partial agreement withn

Where as plantation of mixed tree species. He found that maximum

I=Discount rate cases the land belonged to capability class I which
n=Number of year whose discount factor is to be claimed highest rent. However, difference in amount of
calculated (1 for 1  year, 2 for 2  year and so on). land rent may be due to different ecological zones havingst nd

Discounting was carried out @ 8% interest rate. irrigation of plantation against Rs.494 in this study. The
Net present worth, Benefit cost ratio and Return on major reason for this difference is that the land was
investment were calculated by using the following irrigated with tube-well water in previous study while in
formulae. present research the plantation was subjected to canal

Net Present Worth (NPW): NPW was calculated by
using the following formula: Break-up of Expenditures for Maintenance of Shisham

NPW = -C0 + C1 /1+r + C2/ (1+r) 2 +-------+ CT/ (1+r) T 3  to 21  years is given in (Table 2). Land rent for all years
-C0 = Initial investment was Rs. 100,000 ha  yr . Weeding charges were Rs. 7500
C = Cash flow and 3750 ha  yr  for first and second year respectively.
R = Discount rate For 3  to 21  year, these charges decreased to only Rs.
T = Time 2500  ha  yr . Weeding is one of the most important and

establishment/raising of 1 hectare Shisham plantation
1

1 1

1 1

1

1

of planting material was Rs. 2247.70 ha including1

the findings of Anjum [15] who evaluated a farm forestry

charges (Rs. 44157.73) were paid for land rent. In both

different land rent. He further calculated Rs. 16309.67 for

irrigation.

Plantation: Break-up of maintenance cost for 1 , 2  andst nd

rd st

1 1

1 1

rd st

1 1



World Appl. Sci. J., 29 (9): 1099-1106, 2014

1102

Table 1:Break-up of expenditures for raising Shisham plantation at Chichawatni irrigated plantation (Rs. ha ).1

S.No. Operation Quantity(No.) Unit Amount (Rs.)
1. Land rent 100,000
2. Site clearance including removal of woody weeds, 

stones and other Undesirable growth etc. 25 Man day 4940
3. Collection of undesirable biomass and its burning 10 Man day 1482
4. Ploughingand leveling of field ---------------- -------------- 8645
5. Layout, making of Khal and trenches with tractor 17784
6. Making of slots (pits) 716.3
7. Cost of planting material + transportation 1794 Rs. 1/plant + Rs. 184 for transportation 2247.7
8. Planting of planting material and restocking 5 Man day 988
9. Irrigation charges - - 494
10. Weeding throughout the year 25 Man day 4940
11. Pesticides and their application - - 1235
12. Miscellaneous 1146.08

Total 144618/-
Note: 1 Man day = Rs. 200/-

Table 2: Break-up of expenditures for maintenance of Shisham plantation (Rs. ha Yr ).- 1

Quantity (No.) Unit Amount (Rs.)
---------------------------------------------- ------ ------------------------------------------------------------

3  to 2rd 1st

Operation I Year 2 Year 3  to 2  Year - I Year 2 Year Yearon per Year basisst nd rd 1st st nd

1. Land rent 1 1 1 Rs. 100,000 100,000 100,000
2. Weeding throughout the year 37.5 18.75 12.5 Man day 7500 3750 2500
3. Reopening of trenches 12.5 12.5 12.5 Man day 2500 2500
4. Irrigation - - 250 250 250
5. Silt clearance 12.5 12.5 12.5 Man day 2500 2500 2500
6. Re-planting at the place of dead plants 460 460 Rs.2/plant 920 920
7. Pesticides and their application - - 988 -
8. Miscellaneous - - 300 300

Total 114958/- 110220/- 105250/-
Note:1 Manday=Rs. 200/-

compulsory operations which should be carried out well Costs and Benefits of Dalbergia Sissoo (Shisham)
in time to facilitate the survival and growth of the tree
crop. The weeding charges declined gradually from 1  tost

onward years. Actually trees need intensive care
especially weeding during first 2-3 years for rapid growth.
Once they become established, they are ready to compete
and defeat the weeds with more power [18]. These Results
are in contradiction with the findings of [8] who reported
that the cost of weeding in Jatropha plantation was same
(Rs. 960 ha  yr ) from 1  to 6  year of maintenance of1 1 st th

crop. The reason may be the different tree species. Some
being more sensitive to weeds may need intensive
weeding for a longer period of time while other may
establish soon. Silt clearance has a share of Rs.2500 ha 1

yr right from 1 to 21  year. Silt clearance from trenches1 st st

is another important operation because it ensures
continuous supply of ample quantity of irrigation water to
the trees [7]. Total maintenance charges for 1  and 2  yearst nd

were Rs. 114958 and Rs. 110220 ha . While for 3  to 211 rd st

year, charges were Rs. 105250 ha  yr .1 1

Rotation of 21 Years: Total cost for the establishment of
Shisham plantation at 1 hectare of land was found to be
Rs. 144618 (Table 3). The maintenance cost for 1 year wasst

Rs. 106442.59 and for second year Rs. 94495.88 ha  yr .1 1

For 21  year, it further declined to Rs. 20908.51ha  yr .st 1 1

After land rent, the initial income was received when first
thinning was carried out during 6  year of growth. A sumth

of Rs. 233477.84 ha was collected from the sale of trees1

during this year. Next intermediate incomes were received
during 11  and 16  year of age amounting to Rs. 158901.09th th

and Rs108145.41ha . Final harvesting/felling of trees1

generated returns of Rs. 147203.9 ha  yr . Thus, total1 1

cost of 1 hectare plantation for 21 years was calculated as
Rs. 1212136.39, while gross benefits were Rs. 647728.27
ha  yr . NPW, BCR and ROI were found to be Rs.-1 1

564408.12 ha , 0.53 and -46.56%, respectively. NPW1

clearly mentions that this rotation system is unprofitable
as the plantation has to bear a loss of Rs. -
564408.1215ha  during  a period of 21 years. BCR is also1
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Table 3:Costs and benefits of Dalbergia sissoo (Shisham) at rotation of 21 years (Rs. ha  yr ).1 1

Age Cost Benefits Discount Factor @ 8% Discounted Cost Discounted benefits
0 144618 0 1 144618 0
1. 114958 0 0.92 106442.59 0
2. 110920 0 0.85 94495.88 0
3. 105250 0 0.79 83550.84 0
4. 105250 0 0.73 77361.89 0
5. 105250 0 0.68 71631.38 0
6. 105250 370500 0.63 66325.35 233477.84
7. 105250 0 0.58 61412.36 0
8. 105250 0 0.54 56863.30 0
9. 105250 0 0.50 52651.20 0
10. 105250 0 0.46 48751.11 0
11. 105250 370500 0.42 45139.92 158901.09
12. 105250 0 0.39 41796.22 0
13. 105250 0 0.36 38700.20 0
14. 105250 0 0.34 35833.52 0
15. 105250 0 0.31 33179.18 0
16. 105250 370500 0.29 30721.47 108145.41
17. 105250 0 0.27 28445.80 0
18. 105250 0 0.25 26338.71 0
19. 105250 0 0.23 24387.69 0
20. 105250 0 0.21 22581.19 0
21. 105250 741000 0.19 20908.51 147203.9
Total cost Gross Benefits NPW BCR ROI
1212136.39 647728.27 -564408.12 0.53 -46.56

Table 4: Costs and benefits of Dalbergia Sissoo (Shisham) at rotation of (11 years + 10 years) (Rs. ha  yr-1).1

Age Cost Benefits Discount Factor @ 8% Discounted Cost Discounted benefits
0 144618 0 1 144618 0
1. 114958 0 0.92 106442.59 0
2. 110220 0 0.85 94495.88 0
3. 105250 0 0.79 83550.84 0
4. 105250 0 0.73 77361.89 0
5. 105250 0 0.68 71631.38 0
6. 105250 370500 0.63 66325.35 233477.84
7. 105250 0 0.58 61412.36 0
8. 105250 0 0.54 56863.30 0
9. 105250 0 0.50 52651.20 0
10. 105250 0 0.46 48751.11 0
11. 105250 741000 0.42 45139.92 317802.19
12. 144618 0 0.39 57429.79 0
13. 114958 0 0.36 42269.81 0
14. 110220 0 0.34 37525.61 0
15. 105250 0 0.31 33179.18 0
16. 105250 370500 0.29 30721.47 108145.41
17. 105250 0 0.27 28445.80 0
18. 105250 0 0.25 26338.71 0
19. 105250 0 0.23 24387.69 0
20. 105250 0 0.21 22581.19 0
21. 105250 741000 0.19 20908.51 147203.90
Total cost Gross Benefits NPW BCR ROI
1233031.67 806629.37 -426402.29 0.65 -34.58

far less than 1. ROI also indicates that the plantation made these results are in contrast with the findings of Mutanal
a loss of more than 46% which is economically et al. [14] who reported NPW of Rs. 10870.2, BCR of 1.77
insupportable. These results are in accordance with the and ROI of 77%. The difference in the NPW, BCR and ROI
findings of Pitigala and Gunatilake [8] who reported NPW is due to the fact that plantation in Chichawatni is a
of pine plantation as  LKR.  -21999.85   and  of  Mahogany compact plantation with only trees while in second case
plantation as LKR. -4267.98. The negative sign clearly trees were grown in combination with agricultural crops
indicates the economic loss of both plantations. However, which increased the income to a large extent. 
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Rotation of (11 years + 10 years): Total cost of  are in agreement with the findings of Kongsom and
establishment of 1 hectare of Shisham plantation was Munn [19] who reported that economic returns of
found to be Rs. 144618 (Table 4). The maintenance cost of Eucalyptus plantations increased from $2258.89 to
plantation from first to last year (11  year) was same as in 2939.51ha when rotations of trees was decreased fromth

1  rotation system. The first intermediate income was 14 year to 10 year. Although the Eucalyptus plantation isst

received during 6  year when half of the trees were showing a positive trend of income at both rotations butth

thinned out to reduce the competition among the it is evident that decreasing the rotation is an effective
remaining plants. It generated revenue of Rs. 233477.84. tool for increasing income or decreasing economic loss.
At the completion of 11  year, the remaining half treesth

were sold and it generated revenue of Rs. 317802.19. After Rotation of (6 X 3 years + 3 X 1 years): Total cost of
this, new tree crop was established through stumps and establishment of 1 hectare of Shisham plantation was
it took a total cost of Rs. 57429.79ha . The maintenance found to be Rs. 144618 (Table 5). The maintenance cost of1

cost for 13  year was Rs. 42269.81and for 21  year was Rs. plantation from first to last year (6th year) was also sameth st

20908.51. Again the intermediate income was received as in 1  rotation system. At the completion of 6  year, all
during 16  year (during 6  year after the establishment of the trees were harvested and revenue of Rs. 466955.69th th

new tree crop) amounting to Rs. 108145.41 ha . The final ha was received. After harvesting, a fresh plantation1

felling/harvesting at the completion of 21  year generated was established in the same way as first time. Thest

an income of Rs. 147203.90 ha . Thus, total cost of 1 establishment cost was Rs. 66325.35 and maintenance1

hectare plantation was found to be Rs. 1233031.67 and cost decreased from Rs. 84383.21 in 7  year to Rs.
gross return of Rs. 806629.37 ha . NPW, BCR and ROI 41796.22ha in 12th year. At the completion of 12  year,1

were calculated as Rs. -426402.29, 0.65 and -34.58%, all the trees were harvested. This time, gross income of
respectively. The negative sign of NPW indicates that the Rs. 294261.29 ha  was received from the plantation.
plantation has to born a loss of Rs. 426402.30 ha under Again after harvesting, a new crop was regenerated/1

this rotation system. The value of ROI also indicates that raised in the same way as described earlier. This time,
this rotation system subjected 1 hectare plantation of establishment charges were Rs. 53175.73 ha  and
Shisham to a loss of 34.58%. It is evident that this rotation maintenance charges gradually decreased from 14  year to
system is also unacceptable, economically. These results 18 year. At the completion of 18  year, all the trees were

1

st th

1

th

1 th

1

1

th

th th

Table 5: Costs and benefits of Dalbergia sissoo (Shisham) at rotation of (6 X 3 years + 3 X 1 years) (Rs. ha  yr-1).1

Age Cost Benefits Discount Factor @ 8% Discounted Cost Discounted benefits
0 144618 0 1 144618 0
1. 114958 0 0.92 106442.59 0
2. 110220 0 0.85 94495.88 0
3. 105250 0 0.79 83550.84 0
4. 105250 0 0.73 77361.89 0
5. 105250 0 0.68 71631.38 0
6. 105250 741000 0.63 66325.35 466955.69
7. 144618 0 0.58 84383.21 0
8. 114958 0 0.54 62108.23 0
9. 110220 0 0.50 55137.44 0
10. 105250 0 0.46 48751.11 0
11. 105250 0 0.42 45139.92 0
12. 105250 741000 0.39 41796.22 294261.29
13. 144618 0 0.36 53175.73 0
14. 114958 0 0.34 49236.79 0
15. 110220 0 0.31 36239.55 0
16. 105250 0 0.29 32172.16 0
17. 105250 0 0.27 28445.80 0
18. 105250 741000 0.25 26338.71 185434.53
19. 144618 0 0.23 24387.69 0
20. 114958 0 0.21 24664.03 0
21. 110220 222300 0.19 21895.83 44161.17
Total cost Gross Benefits NPW BCR ROI
1278298.43 990812.69 -287485.73 0.77 -22.48
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Table 6: Comparison of three rotation options of Dalbergia sissoo (Shisham) (Rs. ha  yr-1).1

Rotation System Total Cost (Rs.) Gross Benefits (Rs.) NPW(Rs.) BCR ROI (%)

21 Years 1212136.39 647728.27 -564408.12 0.53 -46.56

10 Years + 11 Years 1233031.67 806629.37 -426402.29 0.65 -34.58

(6 x 3) Years + (3 x 1) Years 1278298.43 990812.69 -287485.73 0.77 -22.48

sold  and gross  returns  of  Rs.   185434.53   were CONCLUSIONS
received. For last third years, a fresh plantation was
established which generated a revenue of Rs. 44161.17
ha . Thus, total cost of whole plantation for 21 years was1

found to be Rs. 1278298.43, while gross income was Rs.
990812.69. NPW, BCR and ROI were Rs. -287485.73, 0.77
and -22.48%, respectively. The negative sign of NPW
suggests that the plantation has to born a loss of more
than 0.20 million rupees. BCR is less than one which also
points towards the unfeasibility of the plantation. ROI
indicates that plantation has to born a loss of more than
20% which is big one. These results are in disagreement
with the findings of Balteiro and Rodriguez  (5)  who
found that economic returns of Eucalyptus globulus
plantations decreased from _60251.3 at 16 years rotation
to 23905.4_ at 14 years and _9453.7 at 13 years rotation.
The reason may be  the  different  growth  patterns of
both  species.  Eucalyptus  may  grow fast up to a long
age  period  while growth rate of Shisham may decline
fast.

Economic Comparison of Three Rotation Options:
Economic comparison of three rotation options of
Dalbergia sissoo (Shisham) is given in (Table 6).
Maximum cost Rs. 1278298.43 ha was under option three1

while minimum under first option (Rs.1212136.39 ha ).1

Maximum  Gross  benefits  were   harvested     under
option     three  (Rs.  990812.69  ha )  while minimum1

under first option (Rs. 647728.27 ha ). Net present worth1

was  negative  under  all  rotation  options  but    it  was
best  under  third  rotation  option  with a  worth    of Rs.
-287485.73 ha . It indicates that the plantation had to1

bear a loss of Rs. -287485.73 ha under this system.1

However, first rotation system subjected the plantation to
a loss of more than Rs. 564408.12 ha while second1

rotation system to a loss of Rs. -426402.29. Maximum BCR
(0.77)  was   obtained   under  third  system  while
minimum under first system (0.53). Similarly, maximum ROI
(-22.48%) was fetched by third system while minimum by
first system (-46.56%). Conclusively, ROI is negative
under all rotation choices, but it is best under third
system.

It is obvious that the Shisham plantation is running
in economic loss under 21 year’s rotation system.
However, this loss can be decreased to a great extent by
reducing the rotation period to 6 years. Further studies are
needed to see the possibility of making the NPW positive
under various other agro-forestry choices. These choices
may include tree-crop, tree-livestock and tree-poultry farm
combinations etc.
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