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ABSTRACT 

 
A study was carried out in the Department of Forestry and Range Management, 
University of Agriculture, Faisalabad, Pakistan during the year 2007 to 2009. In 
this study, economic comparison of agriculture (sugarcane cultivation) with 
agro-forestry (sugarcane cultivation in combination with trees) was made in 
Tehsil Kamalia, district Toba Take Singh. Net present worth and return on 
investment were used as economic tools. Total sample size comprised 80 
farmers; 40 involved in sugarcane cultivation and 40 in sugarcane cultivation in 
combination with trees. Thus total number of observations was 240; 120 for 
agriculture and 120 for agro-forestry. Comparison of both land use systems 
was made on the basis of average expenditures and revenues per year. 
Discounting was carried out @ 12 percent to bring cost and benefit streams at 
same currency value. The benefit cost ratio of sugarcane system was 
computed as 2.26 whereas net present worth was found as Rs. 149810.2. 
Benefit cost ratio of sugarcane in combination with trees was computed to be 
2.28 whereas net present worth was found to be Rs. 151098.5. Net benefits of 
tree based sugarcane system were computed as 0.86 percent more than sole 
sugarcane system. So farmers are recommended to adopt sugarcane in 
combination with trees system on the basis of this research. 
 

Though there was no prominent difference between these systems, yet agro-
forestry can be recommended as the trees under this system not only provide 
timber, fuel and other physical output but also give countless environmental 
benefits. 
 

KEYWORDS: Saccharum officinarum; agroforestry; cost benefit analysis; 
Pakistan.  

 

INTRODUCTION 
 

Pakistan has total area of 88 million hectares of which 27 percent is being 
cultivated. It consists of 80 percent irrigated while rest is located in rainfed 
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region. Pakistan is one of the countries where maximum irrigated area is 
being cultivated. Sugarcane, wheat, cotton and rice are major agricultural 
crops of Pakistan. Sugarcane holds an important position being a major cash 
crop. A large fraction of our labour force is dependent on sugarcane for its 
cash employment, either directly or indirectly. Various parts of sugarcane 
plant are used for manufacturing of different products like paper, plastics, 
detergents, etc. (1, 2, 9). 
 
In Pakistan, average yield of sugarcane is 45.50 tons per hectare which is 
less than other countries of the world like India (66 tons), Egypt (105 tons), 
China (77.1 tons) and Philippines (92.6 tons). Worldwide average yield of 
sugarcane is 60 tons per hectare. Pakistan occupies 5th position in total cane 
area and production. It stands at 11th position in average cane production per 
hectare (4). Among provinces, Punjab contributes 60 percent; Khyber 
Pakhtoonkhawa 16 percent while Sindh has 24 percent share in total area 
under sugarcane cultivation. There was a sharp increase in the area under 
this crop upto 1993-94 but after that it increased a little (7).  
 
Chatta et al. (5) reported that sugarcane contributes 0.8 percent to GDP of 
Pakistan. It is a source of raw material for 78 sugar mills in the country. It 
provides employment to more than 4 million persons in Pakistan.  
 
Wayagari and Agola (17) reported a benefit cost ratio of 2.5 for cultivating 
sugarcane in Nigeria. Tan and Kumar (16) also described that a gross 
income of Rs. 51913/- against a production cost of Rs. 23600/- was received 
for sugarcane production with a benefit cost ratio of 2.19. Hussain and 
Khattack (8) calculated cost, revenue and net present worth of Rs.87562, 
Rs.222300 and Rs.134739, respectively for sugarcane production in district 
Charsadda, Pakistan. 
 

Safdar (14) calculated the cost of production of different crops including 
sugarcane. He found that cost of production of sugarcane was Rs. 11227 per 
hectare in 1986-87. He also concluded that sugarcane was the most 
profitable crop. Khan and Better (10) reported BCR of 2.19 for sugarcane 
production. It has also been reported (2) that provision of subsidized farm 
inputs by Indian government to the farmers is an important practice which 
has significant contribution in high yield of sugarcane. The report described 
that Indian farmers spend 16.16 percent of their farm budget on fertilizers 
and 15.93 percent on seed. 
 
Pinto et al. (13) described a net return of $370 and $301 obtained from the 
cultivation of sugarcane and Eucalyptus trees, respectively. Sekar and 
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Karunakaran (15) reported that agro-forestry system comprising Cashew 
plantations generated a benefit cost ratio of 1.65 and return on investment of 
40.83 percent. Both parameters indicate the profitability of agro-forestry. 
Khujuria and Gill (11) described a benefit cost ratio of 5.47 with a net present 
worth of Rs.108600 per acre of an agro-forestry model. The model included 
cultivation of poplar trees in combination with sugarcane for first three years 
and then cultivation of same tree species with wheat and sorghum for next 
three years. They further reported a reduction of 1.80 percent in the yield of 
sugarcane intercropped with poplar trees. Gill (6) found that sugarcane 
generated a net present worth of Rs.27385 in monoculture and Rs. 33919 in 
combination with poplar.  
 
A previous research (3) described that in 50 years rotation, a tree provides 
oxygen having worth of $31250, controls air pollution having worth $62000 
and recycles water with a value of $37500. It also controls soil erosion valued 
at $31250. Trees act as natural air conditioners. A single tree produces 
coolness equal to 10 room size air conditioners through transpiration always. 
 
Some important economic factors which also contribute significantly to low 
care production include fluctuations in prices and unavailability of inputs 
timely. Proper allocation of resources must be taken into account to get 
optimum yield. Overuse or under use of different inputs may seriously affect 
the yield of crops (2). 
 
The present study was designed for economic comparison of agriculture and 
agro-forestry for increasing profit of the farmers. 
 

MATERIALS AND METHODS 
 

This study was conducted in the Department of Forestry and Range 
Management and Wildlife, University of Agriculture, Faisalabad, Pakistan 
during the year 2007-2009 District Toba Tek Singh was selected randomly 
from the districts of central Punjab. This district has three tehsils including 
Toba Tek Singh, Kamalia and Pir-Mehal. Among these, tehsil Kamalia was 
selected through, simple random sampling technique. The list of villages of 
tehsil Kamalia was obtained from Agriculture Officer, tehsil Kamalia. Five 
villages from this list were selected. Then, two separate lists of farmers for 
each village were prepared with the help of local people. One list contained 
the names of the farmers involved in sugarcane cultivation only and the other 
containing the names of those involved in agro-forestry i.e. sugarcane 
cultivation in combination with trees. From each list, eight farmers were 
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selected at random making 40 farmers from 5 villages. Data regarding all 
expenditures and revenues incurred upon both land use systems were 
collected separately for three consecutive years from each respondent on per 
acre basis and then converted into per hectare basis. Thus total number of 
observations was 240; 120 for agriculture and 120 for agro-forestry. All the 
expenditures and revenues for both land use systems were discounted at 12 
perceant discount rate. Then average values of all observations were used 
for final calculations. The economic comparison was made on per annum 
basis. Number of trees on each farm was counted. Average number of trees 
was 12 per hectare, 7 trees belonged to Dalbergia sissoo, 3 to Acacia nilotica 
and 2 to Bombax ceiba. Average age of Dalbergia sissoo, Acacia nilotica and 
Bombax ceiba was 4, 3 and 6 years, respectively. Average age of all trees of 
all species was 4.33 years. Average price of each tree was taken as 
determined by the farmers and purchaser/expert from timber market of 
Kamalia. Average price of both was used for calculations. The values/prices 
of all trees were summed up to find their total value and then total value/price 
was divided by average age of the trees (4.33 years) to get the average 
annual returns of the trees. Yield of sugarcane under two land use systems is 
given in Table 1 and costs and returns of trees per hectare per year are given 
in Table-2. 
 
Table 1. YIeld and returns of sugarcane under two land use systems (present worth @ 

12%) 
 

Land use system Yield /hectare 
(maunds)* 

Price/ maund 
(Rs.) 

Total price (Rs.) 

Sugarcane 1489.34 180 268090 
Sugarcane + trees 1441.04 180 259387.5 

 Maund = 40 kgs. 
 
Table 2. Costs and returns of various tree species per hectare per year (present worth 

@ 12%). 
 

Name of tree 
species 

Average 
number 
of trees/ 
hectare 

Cost/ 
seedling 

(Rs.) 

Total 
cost 
(Rs.) 

Price/tree 
(Rs.) 

Total 
price 
(Rs.) 

Net 
benefits  

(Rs.) 

Dalbergia sissoo 7 0.50 3.50 1000 7000 6996.5 
Acacia nilotica 3 0.50 1.50 600 1800 1798.5 
Bombax ceiba 2 0.50 1.00 450 900 899 
Total; 12  6.00  9700 9694 

 

Following economic tools were used for economic evaluation/comparison of 
both systems as described by CIMMYT (2). 
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Benefit/cost ratio (BCR) 
 
It is the ratio between present worth of benefits (gross) and present worth of 
costs.  
 

BCR = Discounted benefits/discounted costs 
 
Present worth was calculated by using discount factor (DF).  

 
Discount factor = 1/ (1+i) n      

i = Discount rate 
N = Number of years (e.g. 1 for first year, 2 for 2nd year and so on.) 

 
The decision criteria for determining economic suitability of a project were to 
accept the project with a BCR of 1 or more and vice versa. 
 
Net present worth (NPW) 
 
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 

 
Return on investment (ROI) 
 
ROI was calculated by using the following formula: 
 

ROI % = (Net Benefits/Cost) x 100 
 

The decision criteria were to accept a project with positive ROI and vice 
versa. 
 

RESULTS AND DISCUSSION 
 

Economics of sugarcane 
 
Average cost of production of sugarcane was found to be Rs. 118279.8 per 
hectare per year (Table 3), whereas average gross benefits for the same 
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period of time were calculated as Rs. 268090.  The benefit cost ratio of 
agriculture system was computed as 2.26 which is much higher than 1. So, 
the project was economically highly profitable and accepted. Net present 
worth was found as Rs. 149810.2 which is even greater by 26.66 percent 
than the average cost of the crop. The result of NPW shows that sugarcane 
farming is highly rewarding business, so it is a viable option and is accepted. 
Return on investment was calculated as 126.65 percent. More than 100 
percent return on investment is an outstanding return. The basic reason for 
this higher profit was the exceptional prices of sugarcane crop during the 
period under study. These results are in agreement to the findings of 
previous researchers (13, 14) who found NPW of sugarcane as $ 370. The 
results are also in accordance with findings of some other workers (16, 17) 
who calculated benefit cost ratio of sugarcane as 2.2 and 2.5, respectively. 
 
Allocation of resources for sugarcane 
 
The sugarcane farmers spent 48.22 percent of their budget on land rent, 4.49 
percent on tillage and 3.20 percent on seed, 23.12 percent of total 
expenditures incurred upon fertilizers, 17.81 percent on irrigation and 2.81 
percent on plant protection (Table 4). These results differed to an earlier 
findings (2). The Pakistani farmers have to spend more on fertilizers basically 
due to the reason that they receive no subsidy on farm inputs from 
government. The Indian farmers get subsidy on fertilizers and other farm 
inputs so their expenditures on such items are usually less than Pakistani 
farmers. Similarly, Indian government provides free electricity to their farmers 
for tubewells whereas in Pakistan the electricity charges are very high. So 
farmers in Pakistan have to pay more for irrigating their fields through 
tubewells. Pakistan farmers are spending less money on seed than Indian 
farmers. The reason may be the difference in varieties of sugarcane of both 
countries. Some farmers may produce required biomass with even less 
number of plants. 
 

Table  3. Economics of sugarcane per hectare per year. 
 

Economic tool Worth (Rs.) 

Average costs  (Rs.) 118279.8 
Average gross benefits (Rs.) 268090 
Benefit cost ratio 2.26 
Net present worth (Rs.) 149810.2 
Return on investment (%) 126.65 
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Table 4. Allocation of resources for sugarcane (Rs.). 
 

Item Mean cost Standard deviation 
Rent 44149.00 (37.36) 5197.921 
Tillage 4436.93 (3.75) 244.951 
Seed 2927.20 (2.47) 504.153 
Fertilizer 21169.53 (17.90) 3217.828 
Irrigation 16309.67 (13.78) 2402.582 
Plant protection 2570.63 (2.17) 480.127 
Harvesting + transportation charges 23752.84(20.08) 22413.12 
Management charges             2964 (2.5)                   0.00  

Note: Figures in parenthesis indicate percentages. 
 
Economics of sugarcane + trees system 
 
Average cost of production of this system was calculated as Rs. 117983 
(Table 5). On the other hand, average gross benefits were found to be Rs. 
269081.5. Benefit cost ratio was computed as 2.28 which is again 
outstanding and highly acceptable. Net present worth was found to be Rs. 
151098.5 which is greater than the cost production the system by 28.1 
percent. On the basis of this measure too, the project is highly profitable and 
accepted. Return on investment was computed as 128 percent. This is again 
an outstanding net return. These results are in accordance with the earlier 
findings (5, 8, 9, 12). Khujuria and Gill (11) also calculated the benefit cost 
ratio of poplar + sugarcane/wheat + sorghum as 5.47 and net present worth 
as Rs.108600. 
 

Table 5.  Economics of sugarcane + trees per hectare per year. 
 

Economic tool Worth 
Average costs of crops (Rs.) 117977 
Yield of crop (maunds/hectare) 1441.04 
Price per maund (Rs.) 180.00 
Agerage gross benefits of crop (Rs.) 259387.5 
Average costs of trees (Rs.) 6.00 
Total costs (Rs.) 117983 
Agerage gross benefits of trees (Rs.) 9700 
Total benefits (Rs.) 269081.5 
Benefit cost ratio 2.28 
Net present worth (Rs.) 151098.5 
Return on investment (%) 128 

 
Allocation of resources for sugarcane + trees 
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The farmers spent 48.27 percent of their budget on land rent, 4.82 percent 
on tillage and 3.28 percent on seed. Under this system 23.03 percent of total 
expenditures incurred upon fertilizers, 17.77 percent on irrigation and 2.81 
percent on plant protection (Table 6). The expenditures on trees were only 
0.007 percent. These results agree to the findings of Khujuria and Gill (11) 
who calculated a benefit cost ratio of 5.47 with a net present worth of 
Rs.108600 per acre under agro-forestry system.  
 

Table 6. Allocation of resources for sugarcane + trees (Rs.). 
 

Cost item Mean Standard deviation 
Rent 44157.73 (37.42%)* 5127.731 
Tillage 4408.30 (3.74%)** 242.164 
Seed 3000.63 (2.54%) 474.252 
Fertilizer 21074.43 (17.86%)*** 3165.088 
Irrigation 16260.43 (13.78%) 2400.359 
Plant protection 2567.23 (2.17%) 483.714 
Tree costs 6.00 (0.005%) 2.356 
Harvesting + transportation charges 23544.25 (19.96%)****  
Management charges 2964 (2.51%)  

*The land rent of land is more than sole sugarcane system due to the fact that trees provide 
fuel wood, leaves and pods as forage for livestock, **The cost of tillage is less than sole 
sugarcane due to the fact that tree roots penetrate into and make the soil loose, ***Less 
fertilizer was used as compared to sole sugarcane cultivation. It may be due to the addition 
of organic matter by trees into the soil in the form of leaves, twigs, etc. ****Harvesting and 
transportation charges are less than sole crop due to less yield under crop + trees system.  

 

Economic comparison of sugarcane with sugarcane + trees system 
 

The average cost of production of sugarcane was 0.25 percent more than 
sugarcane based agro-forestry system (Table 7). On the other hand, average 
 

Table 7. Economic comparison of sugarcane system with sugarcane + trees 
system (difference). 

 

Economic tool Land use systems  Worth (Rs.) 
(Difference) 

(Rs.) 
Average cost 
 

Sugarcane 118279.8 296.8 
   (0.25)** Sugarcane + Trees 117983.0 

Average gross benefits 
 

Sugarcane 268090.0 991.5 
  (0.37)* Sugarcane + Trees 269081.5 

Net present worth 
 

Sugarcane 149810.2 1288.3 
(0.86) Sugarcane + Trees 151098.5 

Return on investment 
 

Sugarcane 126.65 
(1.35) 

Sugarcane + Trees 128 
*The comparison between two land use systems has been made on the basis of average 
annual expenditures and returns. **Figures in parenthesis represent percentages. 
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gross benefits of sugarcane + trees system were calculated as 0.37 percent 
more than sole sugarcane cultivation. Net benefits of tree based sugarcane 
system were computed as 0.86 percent more than trees free sugarcane 
system. Return on investment was 1.35 percent more in case of sugarcane + 
trees system as compared to sole sugarcane system. Gill (6) also found that 
the returns from poplar + sugarcane were higher than sole sugarcane crop. 
 

CONCLUSION AND RECOMMENDATIONS 
 

The study concludes that both agriculture and agro-forestry systems were 
found highly profitable in terms of BCR, NPW and ROI. However, agro-
forestry is more profitable as trees not only provide tangible benefits but also 
yield a number of intangible benefits which are compulsory for the stability 
and proper functioning of the ecosystem, Such trees not only provide timber, 
fuel wood and other raw material but also produce oxygen, absorb carbon 
dioxide, control soil erosion and transpire water which comes back on earth 
in the form of rainfall. 
 
Although, no prominent difference was found between the income of farmers 
growing sugarcane in monoculture and sugarcane with trees. But if the 
intangible benefits of trees already discussed in introduction are taken into 
account, then it can safely be recommended that the farmers should adopt 
agro-forestry. 
 
Pakistan is facing acute shortage of wood and wood products and the only 
solution is to adopt farm forestry as we do not have more land to be brought 
under compact plantation of tree species. Government should provide 
incentives to the farmers for growing trees on their lands. e.g. 25-50 percent 
subsidy on the electricity/tubewell bills may be offered to the farmers having 
10-20 percent area of their farms under tree cover. So, agro-forestry should 
be promoted on emergent basis. The farmers should be made aware of the 
fact that trees if grown in proper number and on proper distance combined 
with selection of suitable tree-crop combination, do not decrease their 
income. Print and electronic media may be used for this campaign. 
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