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ABSTRACT

Potato is the third largest food crop in Bangladesh by tonnage of
production. Its acreage and production are also increasing in day after
day. This study was accomplished to examine the profitability and
resource use efficiency of potato -cultivation in five upazilas of
Munshiganj district of Bangladesh. A total of 52 farmers were selected
randomly from the study area. Data were collected through farm survey
by using a suitable pre-tested questionnaire in February-March, 2016.
Profitability analysis, Cobb-Douglas production function, MVP, MFC and
Farm Budgeting model were used to analyze the objectives. Average
gross return, gross margin and net return were found Tk. 3,47,200, Tk.
1,47,125 and Tk. 1,17,300, respectively. Benefit-cost ratio was found
1.51 and 1.74 on full cost and variable cost basis, respectively. The key
production factors, i.e. human labour, land preparation, seed, fertilizer,
insecticides and irrigations had significant effect on gross return of
potato. Resource use efficiency analysis revealed that farmers were not
efficient in using resources in potato cultivation. Human labor, land
preparation, insecticide and irrigation were under-utilized and therefore
increasing use of those resources could maximize the profitability. Seed
and fertilizer constituted major parts of the cost of production hence
optimum use of those resources could also enhance the profitability and
resource use efficiency of potato cultivation in Munshiganj district.
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INTRODUCTION

Potato is an important and leading staple crop of the world and occupied topmost
position after rice and wheat in respect of production consumption (Akhter et al.,
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1998). Bangladesh experienced much progress in its potato production in the past
decades as it has increased by 5 percent per annum (Islam et al., 2000). The country
has ranked seventh position in the world in terms of potato production in 2015 (FAO,
2015). In 2014-15, around 92,54,000 metric tons of potato have been produced from
4,71,000 hectares (3.09% of total cultivated area) of land in Bangladesh (BBS, 2015).
Among all crops, potato (Solanum tuberosum L.) is one of the most important
vegetables as well as cash crops in Bangladesh (Haque et al., 2012). In fact, short
cycle of potato frees the land for cultivating other crops (Walker et al., 1999). Per
unit of land and time potato was more productive than any other food crops
(Azimuddin et al., 2009). The annual growth rates of area, production and yield of
potato were estimated at 7.14%, 9.90% and 2.76% during 1989-90 to 2008-09,
respectively (Miah et al., 2011). Potato production is highly profitable and it could
provide cash money to farmer. In terms of profitability, potato production was more
attractive than any other winter vegetables. Per unit yield and gross return of potato
were found higher than other competitive crops (Akhter et al., 2001). The farmers
who used quality seed obtained higher yield and profit. But scarcity of quality seed
compelled some farmers to use the inferior seed (Hug, 1998). As a result, the Tuber
Crop Research Centre (TCRC) of BARI released 40 HYV potato varieties which
have good yield potential and tolerant to insect pests and diseases (Haque et al.,
2012). BADC also produces quality potato seeds under contract farming and
distribute them to the producers, yet evidence is lacking (Moniruzzaman et al., 2015).
Diamant, Cardinal and Granola are the most popular varieties among all the released
varieties of BARI and are largely grown in Munshiganj, Rangpur and Bogra district
respectively (Khalil et al., 2013). These varieties have been distributed to the farmers
through different GOs, NGOs and private firms. Potato, a high biomass yielder,
utilizes huge quantities of nutrient particularly nitrogen, phosphorus and potassium
(Elias et al., 1992). Efficiency and input use pattern varies with the socio-economic
characteristics of farmer or manager (Islam et al., 2016). Technical and managerial
skills on cultivation practices and provision of technical knowledge to control
diseases as well as proper allocation of inputs and available resources would help to
increase profitability and productivity of potato (Bajracharya and Sapkota, 2017).
Several studies in other countries have shown that there is significant potential for
raising agricultural output or profitability by improving productive (technical and
allocative) efficiency using existing resources (Rahman, 2002). Yadav et al. (2015)
worked on productivity, profitability and resource use efficiency of potato in India
and found that potato based various cropping sequence differ significantly for most
of the desirable parameters which influence the utilization of natural resources.
Bajracharya and Sapkota (2017) conducted a research on profitability and
productivity of potato (Solanum tuberosum) in Baglung district of Nepal and found
the average productivity was 9.89 ton per hectare with per hectare total cost and total
income of NRs. (Nepali rupees) 1,97,186 and NRs. 2,68,047, respectively. Islam et
al. (2000) carried out a research on the title “Potato production system in Bangladesh:
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Resource use, productivity, efficiency and comparative profitability of true potato
seed technology over traditional tuber technology” and found from efficiency
analysis that the potato growers using TPS technology allocated their resources in
rational stage of production. Agricultural production policy decisions in Bangladesh
are constrained by lack of information on profitability of growing different
agricultural crops (Sarkar et al., 2014). Some economic investigations on potato
cultivation in Bangladesh were undertaken by different agencies but which were not
adequate. Nevertheless, sufficient number of research work were not undertaken for
analyzing the profitability and resource use efficiency of potato production in a major
potato producing area like Munshiganj district. So, the specific objective of the
present study is to analyze the profitability, resource use efficiency and the factors
affecting the production of potato in the selected study area.

MATERIALS AND METHODS

A micro-level study based on primary cross-section data was designed to attain the
objectives of this study. The methodology of the study is mainly about the sampling
procedure, collection of data and analytical framework.

Sampling technique

The study was conducted in five upazilas of Munshiganj district which were:
Sreenagar, Sirajdikhan, Tongibari, Munshiganj Sadar and Gazaria. A total of 52
potato farmers taking at least 10 farmers from each upazila were selected by random
sampling technique. Since the study focuses on resources use efficiency in a
predominantly potato growing area an attempt was made to choose respondents from
those areas which had an average level of agricultural performance in their respective
sub-regions.

Method of data collection

Following the conventional survey techniques, primary data on resource availability
and their use, input-output levels, prices of farm production and inputs as well as
some other information were collected by interviewing the farmers personally using a
designed and pre-tested questionnaire in February-March, 2016.

Analytical Framework

Both fixed cost and variable cost were taken into account in calculating cost of potato
cultivation. Land use cost was calculated on the basis of per year existing lease value
of land. Irrespective of potato varieties, the profitability of potato production was
examined on the basis of gross return, gross margin, net return and benefit cost ratio
analysis. The collected data were edited, summarized, tabulated and analyzed to
fulfill the objectives of the study.



196 H.K. Sujan et al.

Empirical model

Different parameters of costs and return were analyzed to measure the profitability of
potato cultivation on the study area. The following algebraic equation was developed
to assess the costs and returns of potato production (Sujan et al., 2017).

n n
GR; = Z QmiPmi + Z QbiPpi
i=1 i1
Where,

GR; = Gross return from i"" product (Tk. ha™)

Qmi = Quantity of the i" main product (Tk. ha™)

Pmi = Average price of the i main product (Tk. ha™)
Qui = Quantity of the i" by product (kg ha™)

Py = Average price of the i by product (Tk. ha™)

Net return was calculated by deducting all costs (variable and fixed) from gross
return. To determine the net return of potato production the following equation was
used in the present study:

n
n=PRY— Z PyX; — TFC
i=0
Where,

n = Net return (Tk. ha™)
P, = Per unit price of the product (Tk. kg™)
Y = Quantity of the product per (kg ha™)
P,i = Per unit price of i" inputs (Tk.)
X; = Quantity of the i" inputs (kg ha™)
TFC = Total fixed cost (Tk. ha™)

i=123,.......... , n (number of inputs).

The Cobb-Douglas production function is used for functional analysis of the data. It
is the most widely used model for fitting agricultural production data, because of its
mathematical properties, ease of interpretation and computational simplicity (Heady
and Dillon, 1969). It is a homogeneous function that provides a scale factor enabling
one to measure the return to scale and to interpret the elasticity coefficients with
relative ease. It is also relatively easy to estimate because in logarithmic form it is
linear and parsimonious (Beattie and Taylor, 1985). Thus, Cobb-Douglas
specification provides an adequate representation of the agricultural production
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technology. The production of potato is likely to be influenced by different factors,
such as human labour, land preparation, seed, manure, chemical fertilizer, insecticide,
irrigation, etc. The functional form of the Cobb- Douglas regression equation was as
follows:

NN O —— X, e

The production function was converted to logarithmic form so that it could be solved
by Ordinary Least Square (OLS) method i.e.

Ln Y=a+B1|nX1+ ﬁzlﬂXz"‘ ........................ +Bn|an+ U;
The empirical production function was the following:
InY =a+ Bl InX; + Bz InX, + B3 InX; + B4 InX, + B5 InXs + Ba InXg + B7 InX; +

Ui
Where, Y = Return (Tk. ha™);
X; = Human Labor (Tk. ha™);
X, = Land preparation cost (Tk. ha);
X5 = Seed (Tk. ha);
X, = Manure (Tk. ha);
Xs = Chemical fertilizer (Tk. ha™);
X = Insecticide cost (Tk. ha™):;
X = Irrigation cost (Tk. ha™):;
o = Intercept;
B1, B2 ---- B7 = Coefficients of the respective variables; and
U;= Error term.

In order to test the resource use efficiency, the ratio of marginal value product (MVP)
to the marginal factor cost (MFC) for each input is computed and tested for its
equality to 1 (Sujan et al., 2017).

. MVP _

l.e. M_FC =T

Where, r = Efficiency ratio;

MVP = value of change in output resulting from a unit change in variable input
(Tk.);

MFC = price paid for the unit of variable input (Tk.);
Under this method, the decision rules are that, when;

r >1, the level of resource use is below the optimum level, implying under
utilization of resources. Increasing the rate of use of that resource will help
increase productivity.
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r <1, the level of resources use is above the optimum level, implying over
utilization of resources. Reducing the rate of use of that resource will help
improve productivity.

r = 1, the level of resource use is at optimum implying efficient resource
utilization.

The marginal productivity of a particular resource represents the additional to gross
returns in value term caused by an additional one unit of that resource, while other
inputs are held constant. When the marginal physical product (MPP) is multiplied by
the product price per unit, the MVP is obtained. The most reliable, perhaps the most
useful estimate of MVP is obtained by taking resources (X;) as well as gross return
(YY) at their geometric means (Dhawan and Bansal, 1977). Since all the variables of
the regression model were measured in monetary value, the slope co-efficient of
those explanatory variables in the function represented the MVPs, which are
calculated by multiplying the production co-efficient of given resources with the ratio
of geometric mean (GM) of gross return to the geometric mean (GM) of the given
resources, i.e.

InNY =Ina+piIn X

¥ _g ¥
dX; —Hi Xi
Therefore, MVP (X;) = b; )_;((?&))

Where, Y = Mean value (GM) of gross return in Tk.
Xi = Mean value (GM) of different variable input in Tk.

MFC is the price of per unit of input. If the MFCs of all the inputs expressed in terms
of an additional Tk. in calculating the ratio of MVP to MFC, the denominator will
always be one, and therefore, the ratio will be equal to their respective MVP.

RESULTS AND DISCUSSION
Input use pattern

The human labour used for producing potato was found to be 226 man days per
hectare of which 31.86% were family supplied. The rest 68.14% labours were used
on hire basis. The cost on human labor was calculated by considering different
charge for male and female labour. Average wage rate of labour was about Tk. 252.
Result shows that there are higher scopes of employment generation in potato
cultivation. The average cost of land preparation was Tk. 10,562 per hectare. The
average amount of seed and manure used on cultivation were 2,419 and 4,787 kg per
hectare, respectively. The seed rate used by the farmers was 61% higher than the
recommended seed rate of 1.5 t ha™ (Satter et al., 2005). The chemical fertilizers like



RESOURCE USE EFFICIENCY OF POTATO CULTIVATION 199

urea, TSP, MoP, gypsum, zink sulphate, and boric acid were used at a rate of 348,
426, 383, 15, 20, and 4 kg per hectare. They used higher doses of urea, TSP, MoP
and zink sulphate than the recommended doses (220-250, 120-150, 220-250 and 8-10
kg ha™) (BARI, 2005). The data tabulated on table 1 further shows that farmers used
higher amount of fertilizers compared to other areas might be due to less confidence
on the recommended doses of fertilizers. Earlier study on potato also found that
Munshiganj’s farmers used higher dose of fertilizers (Haq et al., 1995 and Haque et
al., 2012).

Table 1. Input use pattern of potato cultivation in the study area

SI. No. | Items ‘ Amount Percentage
01 Human labour (man-days/ha): 226 100.00
Hired labour 154 68.14
Family labour 72 31.86
02 Land preparation cost (Tk. ha™): 10,562 -
03 Seed (kg ha™) 2,419 -
04 Manures (kg ha™)) 4,787 -
05 Fertilizers (kg ha™)):
Urea 348 -
TSP 426 -
MoP 383 -
Gypsum 15 -
Zinc Sulphate 20 -
Boric Acid 4 -

Data Sources: Author’s Calculation based on field Survey, 2016.

Cost of cultivation

For determining the cost of cultivation of potato, all variable costs like human labour,
land preparation, seed, manures, fertilizers, insecticides and irrigation were calculated
per hectare basis. The fixed cost of potato cultivation included cost of land use and
interest on operating capital. Average bank interest rate was around 10 percent. One
third parts of the interest cost included as interest on operating capital for potato
production due to its use for around four month only. The cost of land use was
calculated on the basis of per hectare lease value of land. Per hectare lease value of
land was around Tk. 45,000 per year of which a half parts were included as cost of
potato production due to potato’s shorter life. The total cost included fixed cost and
variable cost. The cost of potato cultivation was estimated to be Tk. 2,29,900 and Tk.
2,00,075 per hectare on total cost and variable cost basis, respectively. Detail result
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tabulated on table 2. The major share in total cost included seed cost (36.82%),
followed by human labour cost (24.82%) and chemical fertilizers cost (11.08%).

Haque et al. (2012) found the cost of potato cultivation in Munshigonj (Tk. 2,32,283
ha™) was found higher than that of Bogra (Tk. 2,05,971 ha™) and Comilla (Tk.
1,93,636 ha™) due to the higher cost of human labour, fertilizer and insecticides.
They also found the seed cost as constituting the major share (42%) of total cost
followed by chemical fertilizers cost (21%) and human labour cost (14%) for potato
production in some selected area of Bangladesh. However, cost of tuber seed is an
important constraint in potato production. Islam et al. (2000) also found the tuber
seed cost as 35 to 40 percent of total cost of production. Scarcity of quality seed in
sowing time is the major causes for higher seed cost and government intervention on
fertilizer market by providing subsidy on fertilizer is the major cause for lower
fertilizer cost of potato production. On the other hand Bajracharya and Sapkota
(2017) found FYM constituted highest (45.32%) portion of the cost of production
followed by seed and human labor in Baglung district of Nepal.

Table 2. Cost of production of potato in the study area

SI. No. | Items ‘ Amount (Tk. ha®) ‘ Percentage of total cost
A. Variable Cost: 2,00,075 87.03

Land preparation cost 10,562 4.60
Human labour 57,068 24.82
Hired labour 38,887
Family labour 18,181
Seed 84,650 36.82
Organic manure 4,787 2.08
Chemical fertilizers: 25,474 11.08

Urea 5,571

TSP 9,371

MoP 5,744

Gypsum 438

Zinc sulphate 4,067

Boric Acid 282
Insecticides 14,148 6.16
Irrigation 3,386 1.47

B. Fixed cost: 29,825 12.97

Land use 23,156 10.07
Interest on operating capital 6,669 2.90
Total Cost (A+B) 2,29,900 100.00

Data Sources: Author’s Calculation based on field Survey, 2016
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Profitability of potato cultivation

The yield of potato was 29.5 tons per hectare which was higher than the national
average yield (19.13 t ha') (BBS, 2015). Estimated average farm gate price was Tk.
11.75 per kg. The gross return and gross margin of potato cultivation were Tk.
3,47,200 and Tk. 1,47,125 per hectare, respectively. The net return of potato
cultivation was Tk. 1,17,300 per hectare. Although extra amount of variable inputs
were used by farmer the average benefit-cost ratios (BCR) were 1.51 and 1.74 on full
cost and variable cost basis. Estimated BCR implicate that the cultivation of potato
was still remunerative to the farmers.

Gross margin was found to be the highest (Tk. 1,91,345) in Munshigon;j district than
any other potato producing area of Bangladesh by Haque et al. (2012). They also
found the net return of potato cultivation was Tk. 1,62,873with the BCR of 1.70 and
1.94 on full cost and variable cost basis, respectively for the same district. Ahmed et
al., (2009) also observed around Tk. 2,62,625, Tk. 1,20,221 and Tk. 1,42,403 as gross
return, gross cost and net return, respectively with undiscounted benefit-cost ratio
2.18 for potato production in some selected areas of Mymensingh district. On the
other hand Bajracharya and Sapkota (2017) found the productivity 9.89 ton per
hectare with per hectare profit of NRs.70,861 with BCR of 1.44 from potato
production in Baglung district of Nepal. Moreover, Islam et al. (2000) carried out a
research on two production systems of potato TPS and traditional tuber technology
and found variability in costs and returns for those two. The TPS technology was
found to have a higher benefit-cost ratio than the traditional technology.

Table 3. Profitability of potato cultivation in the study area

SI. No. | Items ‘ Formula Unit Amounts
01 Yield Y kg ha-1 29,549
02 Farm gate Price P Tk. kg 11.75
03 Gross return (GR) Y*P Tk. ha™ 3,47,200
04 Total variable cost TVC Tk. ha' 2,00,075
05  Total cost TC Tk. ha* 2,29,900
06 Gross margin GR-TVC Tk. ha* 1,47,125
07 Net return GR-TC Tk. ha' 1,17,300
08 Benefit cost ratio

Full cost basis GR/TC 151
Variable cost basis GR/TVC 1.74

Data Sources: Author’s Calculation based on field Survey, 2016
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Factors affecting gross return of potato

In order to assess the contribution of inputs like human labour, land preparation,
seed, manure, chemical fertilizers, insecticide and irrigation for potato production,
Cobb-Douglas production function model was used. The estimated values of co-
efficient and related statistics of Cobb-Douglas production function have been
presented in table-4. All the co-efficients of human labour, fertilizer and irrigation
were positive and significant at 1% level. The co-efficient of seed and insecticide
application were positive and significant at 5% level. The co-efficient of land
preparation was positive and significant at 10% level. Manure application had
positive impact on the yield of potato but the effects were not significant at desired
level of significance. The study revealed that an increase in 10% cost of human labor,
land Preparation, seed, fertilizer, insecticide and irrigation, remaining other factors
constant would increase the gross return of potato by 1.84, 0.37, 0.79, 1.75, 0.72 and
0.27%, respectively.

The value of the co-efficient of multiple determination (R?) of the model was 0.77
indicating about 77 percent of the variation in gross return of potato production were
explained by the explanatory variables included in the model.

Table 4. Estimated coefficients and their related statistics of production function for

potato

Explanatory Variable ‘ Parameters ‘ Co-efficient ‘ Sd. Error ‘ t-values ‘ P-values
Intercept Bo 6.733%** 0.777 8.664 0.000
Human labor (X;) i 0.184*** 0.061 3.015 0.004
Land Preparation (X5) B 0.037* 0.020 1.840 0.072
Seed (X3) 3 0.079** 0.032 2.500 0.016
Manure (X,) Ba 0.011N 0.023 0.494 0.624
Fertilizer (Xs) Ps 0.175*** 0.059 2.966 0.005
Insecticide (Xs) Be 0.072%* 0.031 2.317 0.025
Irrigation (X7) b7 0.027*** 0.010 2.773 0.008
R? 0.77

F-value 26.08***

Return to scale 0.59

Note: *** ** and * indicate significant at 1%, 5% and 10% level, respectively.
Data Sources: Author’s Calculation based on field Survey, 2016

The measure of the overall fit of the estimated regression, F-value (26.08) was
significant at 1 percent level of significance, implying that all the explanatory
variables included in the model were important for explaining the variations in gross
returns of potato production.
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Haque et al. (2012) also found all the co-efficients of human labour, land preparation,
seed and NPK fertilizer were positive and significant at 1% level of significance
indicating 10% increase in the cost of human labor, land preparation, seed and NPK
fertilizer, remaining other factors constant would increase the yield of potato by 2.25,
0.76, 3.13 and 3.86%, respectively. Ahmed et al. (2009) also carried out a research on
the same and the research revealed that seed and pesticides had positive but TSP and
MP had negative significant effect on gross return of potato production in
Mymensing district of Bangladesh. Bajracharya and Sapkota (2017) also found
human labor, seed, FYM, cost of bullock labor and intercultural operation having
significant effect on total income of potato in Baglung district of Nepal where an
increase in 1% cost of human labor, seed and FYM would increase the total income
of potato by 0.075%, 0.639% and 0.190%, whereas 1% increase in the cost of bullock
labor and intercultural operation would decrease income by 0.015% and 0.047%,
respectively.

Return to scale

The summation of all the production co-efficient (j;) indicates the return to scale. The
return to scale of potato cultivation in Munshiganj district was found around 0.59
which indicate the diminishing return to scale. It means potato farmers allocated their
resources in the rational stage of production (Stage-Il) where lower amount of return
would be added to the gross return by using each additional units of input to the
potato cultivation.

The return to scale of potato cultivation in Munshiganj, Bogra and Comilla district of
Bangladesh was found 0.965 by Haque et al. (2012) which was 0.218 for Mymensing
district of Bangladesh found by Ahmed et al. (2009). Islam et al. (2000) carried out a
research on the same topic in Bangladesh and found from efficiency analysis that the
potato growers using TPS technology allocated their resources in rational stage of
production. Later, Bajracharya and Sapkota (2017) also found the return to scale of
potato cultivation 0.842 in Baglung district of Nepal.

Resource use efficiency

Resource use efficiency means how efficiently the farmer can use his resources in the
production process. It is very important because resource is scarce. For calculating
resource use efficiency, the study considered seven input factors namely human
labor, land preparation, seed, manure, fertilizer, insecticide and irrigation.
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Table 5. Resource use efficiency of different inputs under potato cultivation

Variable Geometric T_((GM)/ C_Zq- MVP(X; | r=MVP/ Decision rule
mean (GM) | X;(GM) | efficient ) MFC
Yield (Y) 346751.9
H“m(z";‘l)'abor 56018.64  6.092 0184  1.121 1121 Under-utilization
Land

. 10364.93 33.454 0.037 1.238 1.238 Under-utilization
Preparation (X5)

Seed (X3) 84014.31 4.127 0.079 0.326 0.326 Over-utilization
Manure (X4) 4731.044 73.293 0.011 0.806 0.806 Over-utilization
Fertilizer (Xs) 25390.58 13.657 0.175 2.390 2.390 Under-utilization
Insecticide (Xe) 14034.89 24.706 0.072 1.779 1.779 Under-utilization
Irrigation (X7) 3053.159 113.572 0.027 3.066 3.066 Under-utilization

Note: MFC=1TK. Data Sources.: Author’s Calculation based on field Survey, 2016

From table-5, it is observed that the ratio of marginal value products (MVP) and
marginal factor cost (MFC) for human labour, land preparation, fertilizers, insecticide
and irrigation were greater than unity indicating the under-utilization of those
resources. Which means increasing the rate of use of those resources would help to
increase the productivity. Same ratio for seed and manure were less than unity
indicating over-utilization of those variables. Which means reduction of the rate of
use of those resources would help to improve the productivity. Islam et al. (2000)
conducted a research on potato production system in Bangladesh and found
inefficiency in the uses of human labour, seed, manure and fertilizers in TPS
technology, which had a potentiality to increase potato output by 20 percent with
efficient organization of those resources.

CONCLUSION

It is evidenced from the study that cultivation of potato in Munshiganj district of
Bangladesh is a profitable venture. Each taka invested in potato cultivation would
return 1.51 taka to its investor. Seed cost was found as the major cost (36.82)
constituents of total cost. Besides, over doses chemical fertilizer applied for potato
cultivation but their effects on yield were still remunerative. Nevertheless, farmers
allocated their resources in the rational stage (Stage-11) of production where
diminishing returns to scale (0.59) existed. Sufficient supply of quality seed at fair
price in sowing time can help to reduce the cost of production. Furthermore, optimum
use of fertilizer can also increase the productivity and profitability of potato
cultivation.
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