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ABSTRACT: This paper demonstrates for enhancing jute crop productivity and profitability for small scale
farmers through appropriate conservation agriculture (CA)tillage practices to adapt with climate change under
subtropical climatic conditions in the southwestern coastal region of Bangladesh. The study was conducted in
the farmers’ field at Baratia village of Dumuria Upazila under Khulna district during Kharif-1 season (May-
August) of 2017 and 2018 for testing, adoption and popularization of different CA machinery such as strip till
planter (ST), power tiller operated seeder (PTOS) along with conventional tillage cum broadcasting and
conventional tillage cum seedling transplanting method of jute. The soil texture was clay loam having soil pH of
7.8. The land type was medium high with bulk density 1.38 g/cc at 0-15 cm depth. The effective field capacity of
ST, PTOS and power tiller for dry land and wet land tillage were found to be 0.098, 0.099, 0.10 and 0.090 hah™,
respectively. Power tiller required at least three passes for complete land preparation and by CA machines,
tilling and seeding was done by single pass for jute planting. Fuel saving by CA machinery over power tiller
was 21 Lha™. Therefore, cost of fuel saving was 58% and reduction of carbon emission was 59%. Significantly
the highest dry stalk and fiber yields were found from strip till planted jute followed by PTOS and conventional
tillage cum broadcasting method and the jute seedling transplanted method. CA methods increased about 58%
of area coverage and 47% more net profit per season over conventional methods. The highest benefit cost ratio
(BCR) was obtained from ST (2.26) and PTOS planted (1.71) jute followed by CTg (1.37) method. The lowest
BCR was found from CT+ method (1.02) of jute. Since more revenue obtained from CA machine operation, an
entrepreneur or a local service provider (LSPs) can start custom hiring services business in this region. The
hiring charge of CA machines operation for a sample service provider was worked out as US$60 per hectare as
well as break-even use of machine operation was estimated as 4.69 ha of land per year which would be
profitable venture for an entrepreneur. To popularize the benefits of CA machinery, there is need of
international, regional and national support for adoption and dissemination programs to the small farmers, an
entrepreneur or a custom hire service provider.

KEYWORDS: Conservation agriculture, strip tillage, PTOS, jute cultivation, carbon emission, southwestern
region.
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. INTRODUCTION

Climate change, particularly increasing temperatures, altered rainfall patterns, and climate variability
(including extreme climate events) will affect drastically the productivity in the next decades with severe
impacts on food security (Porter et al., 2014). Bangladesh is one of the most vulnerable countries due to climate
change because of its geographic location, low income and greater dependence on climate sensitive sectors,
particularly agriculture. The average cropping intensity in the coastal areas is about 100% whereas the national
average is 192% (AIS, 2017). About 30-50% of net cropped areas remain fallow in Rabi (Dry winter) and
Kharif-1(Pre-monsoon) seasons in the coastal region, mainly due to salinity, water logging and drought. About
40 million people of the coastal areas of Bangladesh depend on agriculture (BBS 2015). So, the people of the
coastal areas are trying different agricultural practices to survive with the changing climate. There is abundant
evidence that repeated tillage can cause the degradation of physical, chemical and biological soil properties and
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result in low crop yields. To establish jute followed by rice, farmers of southern part of Bangladesh typically use
3-4 passes by power tiller. Mechanical tillage tools release CO, through the combustion of fossil fuels, and
increases carbon dioxide levels in the atmosphere (Chivenge et al., 2007). According to Hobbs and Govaerts
(2010) agriculture contributes significantly greenhouse gas (GHG) emissions such as CO,, CH; and N,O.
Reduced tillage is a management practice that potentially can reduce environmental impacts and improve
agricultural outputs (Buckwell et al., 2014).

Bangladesh was recognized as one of the best jute producing and exporting countries of the world until
early seventies (Islam, 2013). But since 1972-1973 the country has been losing its monopoly in the world jute
trade. National average productivity of jute fiber in Bangladesh is 1.95 t/ha, which is lower than the India (2.3
t/ha) (Islam et al., 2017). The global demand as well as local uses of jute and similar products has a steady
increased by a fresh comeback for biodegradable fiber as people now look for eco-friendly products replacing
synthetics. Bangladesh produces around 30% of the total world production of jute and exports around 40% of its
total produce as raw jute. However, the demand of raw jute within the country has been increasing trend over
the years. Jute farming has increased in the country over the past few years as the jute farmers are getting fair
price of their produce. Overall 61% jute farmers have increased overall livelihood from jute cultivation during
the last four years (2011-2014) (Sheheli et al., 2014). Eventually, with the increase in price of jute, production
system has not changed significantly (Uddin et al., 2014). It is expected that technological change required at
the farmer level for the improvement of this sector. Improved technologies such as improved seed, line sowing,
recommended fertilizer and plant protection measures increase the fiber yield of jute by 20, 23, 27 and 13%,
respectively over conventional practices (Islam et al., 2017). Jute seed requires fine tilth for its proper
germination, as its seeds are very small in size. It needs 3-5 times cross ploughing and laddering for uniform
smooth soil. Generally, farmers in study area, plant jute after Boro rice with 2-3 numbers of ploughing followed
by laddering by power tiller and hand broadcasting of seeds. The existing full tillage system for jute planting
after Boro rice is being delayed by 5-7 days. The traditional tillage method reduces soil organic carbon at double
rate and decreases soil fertility (Grace, 2003), losses irrigation water and soils (Sayre and Hoobs, 2003), and
damages ecological environment (Grace, 2003). But repetitive tillage requires significant amounts of fuel and
energy (Aravindakshan et al., 2015) and results in increased production cost and reduced profit (Gathala et al.,
2015). Every crop has its optimum time of sowing/planting. Delay sowing/planting reduces yield significantly
(Jat, 2013). Alternative practices include the use of appropriate tillage and planting machinery which further
reduce fuel costs by eliminating repetitive tillage. Reduced tillage method saved 94 liters fuel per hectare per
year and emission 44% less CO, into the atmosphere (Hossain et al., 2008).

Alternative practices include the use of appropriate tillage and planting machinery to encourage faster
crop turnaround, which can potentially facilitate higher yields because of the inverse relationship between yields
and sowing dates in Bangladesh (Krupnik et al., 2015). The innovation of CA is to avoid repeated ploughing of
the soil, which saves time, energy and labor conserving water and nutrients in the soil to support sustainable
crop production. Research evidence illustrates that CA gives at least the same yields as conventional tillage,
often more, with less time and energy input and better environmental sustainability. Conservation tillage
techniques such as zero, strip, or reduced tillage, and raised and permanent beds, which further reduce fuel costs
by eliminating repetitive tillage, and/or that can reduce irrigation requirements (Gathala et al., 2011). CA based
tillage technology permits direct seeding in untilled soil with moderate level of crop residue. The practices of
zero tillage and strip tillage, each of which require specialized machinery, can also reduce time requirements for
planting and costs, largely by saving fuel, compared to conventional full tillage with animal or tractor power and
manual planting (Kiel et al., 2015). There are about 700,000 power tillers (two-wheel tractor) available in
Bangladesh (Gurung et al., 2017). Power tiller operated CA based tillage technology has been developed by
different organizations and promotional activities are being conducted in the farmers’ field of Bangladesh for
yield gap minimization, water saving, efficient input utilization, soil health improvement and sustainable crop
production and crops diversification (Hossain et al., 2014). There is a big prospect accelerating the CA based
tillage technology for jute cultivation in the farmers’ field of coastal region of Bangladesh Therefore, this study
was undertaken to enhance jute crop productivity and profitability for small scale farmers through appropriate
conservation agricultural tillage practices to combat climate change under subtropical climatic conditions in the
southwestern coastal region of Bangladesh.

1. MATERIALS AND METHODS
Machine description
Power tiller operated CA machine was developed by Farm Machinery and Postharvest Process
Engineering Division (FMPE) of Bangladesh Agricultural Research Institute (BARI) (Ahmed et al., 2005; Matin
et al., 2008) named BARI inclined plate planter as shown in Figure 1. Three types of combined tilling operations
such as ZT (Zero tillage), ST (Strip tillage), and minimum tillage (PTOS) can be performed well with this
machine at optimum moisture content of 15 to 30% of soil moisture level (Miah et al., 2010). This seeder
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accomplished three operations in a single pass shallow tillage (up to 60 mm), placement of seed in a furrow and
leveling cum pressing. This machine was tested and evaluated for planting of different crops like maize, jute,
wheat, pulses and oilseeds in field condition. Different seed metering devices (fluted/inclined type) were used
for planting different crops of seed directly. It is able to complete planting operation in a single pass and average
field capacity is 0.10 ha/h. This machine can complete planting operation in the same day of previous crop
harvest, whereas conventional methods it takes 7-9 days from harvest to seeding. Farmer can remove seeding
unit from the machine and convert only for tilling purpose. Three different conservation tilling method (zero,
strip, minimum tillage) can be operated by this single machine by arranging tines and furrow openers. Inverted
T furrow opener is used for different tilling method especially for zero till method for furrow opening and seed
dropping in the furrow properly and 15° tip angle rotary blade is used for proper back filling of soil in the furrow
in strip till method. Strip tillage can be done by removing the rotary blades. In strip tillage the number of blades
depends on the number of furrow opener where in front of every furrow opener, four blades are arranged for
tillage (Hossain et al., 2005). Technical specifications of the CA machine are presented in Table 1.

Table 1: Specifications of a CA machine

Items Designed Value

Dimension : 720 mmx1320 mmx700 mm

Weight 136 kg

Number of rotary blades : 48 (C type for minimum tillage)
24 (Tip angle 15° for strip tillage)

Power requirement : Power tiller (9-12 kW)

Number of rows ;6 (line number adjustable)

Furrow opener : Inverted T type

Row spacing : 200 mm (adjustable)

Normal working speed : 1.0-25km/h

Working width : 1200 mm

Normal seeding depth : 50-60 mm

Type of seed meter : Flute type/inclined plate type

Speed of blade : 480-500 rpm

Price : US$2375 (With 9 kW Powver tiller)

Site Description

The field experiment was conducted in the farmers’ fields at Baratia village in Dumuria Upazila (sub-
district) of Khulna district of west-southern region of Bangladesh as shown in Figurel during Kharif-1 (Mid
May-August) season of 2017 and 2018 for testing, adoption and popularization of different conservation
machinery such as ST, PTOS methods along with traditional tilling and sowing method. The experimental site
was located at the north-eastern part of Khulna of the agro-ecological zone of lower Ganges river floodplain
(AEZ-12) at about 22.82152 north latitude and 89.33117 east longitude. The soil texture was clay loam having
soil pH 7.8 and the land type was medium high with bulk density 1.38 g/cc at 0-15 cm depth. The average
moisture content of the soil was 29.33% (wet basis) before planting. The existing cropping pattern in the study
area was Boro rice-jute-T. Aman rice. Jute is cultivated in the Kharif-1 season. In the study area, jute sowing
usually starts at mid-April and continues up to mid of May, depending on the species, land elevation, and
existing cropping pattern respectively. Figure 1 presents the pictorial view of the location of study area location
in southwestern region of Bangladesh

www.ijeijournal.com Page | 29


http://www.ijeijournal.com/

Enhancing economically and eco-friendly jute production through appropriate conservation ...

A=
ORI,
DUMUREA UPAZILA \ A
» » o* > 4 » n“
- v = |

~
- A
N - .- — =p ] —
LR - = e ,...-._.....(

z~:'“"; 7
2

Figure 2: Pictorial view of study area location in southwestern region of Bangladesh

Field Experimentation

The design of the experiment was randomized complete block design (RCBD) with four treatments and
three replications. The number of participating farmers was 12. The unit plot area was 8-10 decimal (423-485
m?). Total four treatment combinations including a control were distributed randomly in each farmer plot as one
treatment as well as one replication. The treatments were ST= Strip till planting (CA), PTOS= Planting by
power tiller operated seeder (Minimum tillage), CTg= Conventional tillage and broadcasting (farmers’ practice),
CT+= Conventional tillage and transplanting (farmers’ practice), respectively. Traditional tillage cum
broadcasting method is usually followed by most of the farmers in Bangladesh. As jute seeds are very small in
size, it was mixed with rice bran (1:3) to adjust desirable seed dropping. Jute seed was treated before planting
with Sunphonet 70 WP (Thiophonetmethail) fungicide to protect soil born disease. Pre-plant non-selective
herbicide named Gramoxone 24SL (active ingredient paraquate dichloride) was sprayed at recommended rates
(2.00 Lha™) to destroy the weeds before 3-5 days of jute planting. Urea of 0.15-0.2 kg/ha was placed in the
sprayer tank with water and herbicide ingredient to increase the efficiency of plant absorption. But in PTOS and
conventional system, further weeding operation was done manually after planting. Bed planting method is not
generally used for jute planting because of lodging of jute plant during growing stage especially when it
becomes tall. Zero till planter could not be used for planting of jute because the upper surface of the soil was
very hard but the inner soil was moist and sticky. The soil was cracked (Figure: 3) after 7-10 days of Boro rice
harvesting and before jute planting and thus seed sowing in the cracked soil was not possible. Small jute seeds
enter into the cracked soil during seeding operation. So, zero till planting method was excluded in this study.

Irrigation was applied through flexible plastic hose pipe as per requirement. The fertilizers were
applied at the rate of NypPsK3oS19 kg/ha. NPKS fertilizers were applied in the form of urea, TSP, MoP and
gypsum respectively. Half amount of urea was applied as top dress and other fertilizers were applied as basal
during final land preparation and rest of urea was applied after 45 DAS for PTOS and conventional tillage
methods. Same amount of urea and other fertilizers were applied as top dress 7-10 DAS and rest of urea were
applied with after 45 DAS for strip tillage method. Jute was harvested at the age of 90-100 DAS. Farmers
generally harvest jute little earlier because they transplant Aman rice in the same field after harvesting of jute.
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In the study area, farmers are practicing jute seedling transplanting method from last five years due to delaying
in for Boro rice harvesting, unavailability of jute seed and to reduce turnaround time. The field was made
muddy applying water or rain and then tender jute seedlings (20-25 days old) were transplanted in the muddy
soil. No extra seedlings were raised. The seedlings were obtained after thinning of jute from high land which
was sown earlier. Therefore, a treatment of transplanting of jute seedling was included in this experiment.
Figure 4 shows the pictorial views of different jute cultivation methods and established crop fields in the study
area. Experimental methods for jute cultivation during Kharif-1 season of 2017 and 2018 are given in Table 2.

Table 2: Experimental methods for jute cultivation during Kharif-1 season of 2017 and 2018

Items Season of 2017 Season of 2018
No. of farmer 12 12
Area 0.49 ha 0.65 ha
Crop Jute Jute
Variety BJRI Tossa-2 (0-9897) Nabin (JRO-524)
Treatment . ST . ST
. PTOS . PTOS
L4 CTB L4 CTB
[ CTT
Replication 3 4
Seed rate 4 kg/ha (Machine) & 5 kg/ha (Machine) &
6 kg/ha (Farmer’s practice) 6 kg/ha (Farmer’s practice)
Line spacing 30cm 20cm
Date of planting 6-7 May 2018 2-3 May 2018
Date of harvesting 11-13 August 2017 13-15 August 2018

Note: ST= Strip till planting, PTOS= Planting by power tiller operated seeder (Minimum tillage), CT+= Conventional tillage
and transplanting (Farmers’ Practice), CTg= Conventional tillage and broadcasting (farmers practice)

In the year of 2018, the harvesting period of Boro rice was delayed of 7-10 days due to heavy rainfall.
Farmers’ could not harvest Boro rice timely. They passed busy time with post-harvest work of rice. Therefore,
farmers could not conduct conventional tillage and transplanting method (CT+) of jute cultivation. As a result,
jute growing area was decreased in the study area. Again, in Bangladesh, the consumption rate and price of
edible jute leaves vegetables is increasing year to year. The jute leaves are nutritious and very popular vegetable.
Idirs et al. (2010) presented a result that jute leaves are rich sources of potassium, iron, copper, manganese and
zinc as well as high energy values essential in human and animal nutrition. Now a day, farmers’ like to give
more seed rate than required rate to get more profit from jute leaves as well as minimizing the labour cost for
weeding and thinning practices.

Strip till planting PTOS planting Conventional t||||ng

Strip till planting field PTOS planting field Broadcasted jute field Transplanted jute field
Figure 4: Pictorial views of different jute cultivation methods and crop fields

Transplanting of jute

Data collection

The study was employed both qualitative and quantitative approaches to collect and analyze data. Both
primary and secondary sources were used for collection of data. Primary data were collected from field
experiment during Kharif-1season in the years of 2017 and 2018. Necessary data were collected through testing,
adoption and popularization of different conservation machinery to measure technical performance and
economics over conventional system, Data was also collected through Focus Group Discussion (FGD), Key
Informants Interviews (KII), household interviews, and personal observation. Secondary data from various
sources such as scientific paper, books, journals, published reports and theses. Soil parameters (moisture
content, bulk density, etc.), machine parameters (forward speed, width of cut, depth of tilling, fuel consumption,
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etc.) and crop parameters (plant population, plant height, stalk yield, fiber yield etc.) were collected during field
experiments.

Moisture content and Bulk Density of the soil

A trench 50 cm by 50 cm was dug through the soil profile to a depth of 50 cm below the surface of the
ground in each plot. And undisturbed soil samples were taken from the edge of the trench at 0-5 cm and 5-10 cm
depth using core samplers with height 5 cm and diameter 5 cm. The samplers were driven vertically into the soil
by hammer enough to be filled with soil. The sampler and its contents were carefully removed to preserve the
natural structure and packing of the soil as best as possible. The soil extending beyond each end of the sampler
was trimmed to ensure soil was contained in exactly the volume of the cylinder. The soil cores were wrapped in
polyethylene, placed in box and transported to the laboratory for analysis. The soil samples were transferred to a
container, placed in an oven at 105°C, and dried to constant weight. The weight of soil was recorded and
moisture content (w.b.) and current bulk density was calculated using oven-dry method

Weight of the moisture, g
Weight of the wet sample, ¢
Dry weight of soil sanmple, g
\Volume of core sampler, cc

Moisture content, MC (%) =

x100 1)

Bulk density, g/cc =

2

Testing of field performance of machines

The seed rate was determined by taking the weight of seed before and after sowing operation.
Transparent polythene bags were tagged with each of the six seed delivery tubes. The seeder machine was
operated on a pre-measured 20 m travel distance with a sowing width of 120cm, thus providing 24 m? area
coverage. After every 20 m linear distance run, collected seeds through tubes were weighed separately and the
total seed weight was also measured. Then subtracted the final weight of seed from initial weight of seed so that
the seed rate was obtained and the results were expressed in terms of kgha™. This method was repeated by
acceleration and deceleration of the lever of seed rate control until the desired seed rate obtained. Fluted type
seed metering device was used for jute planting. Since the seed metering device was connected by a chain-
sprocket arrangement to the power tiller wheel axel. Seed rate was determined through calculation by using the
following equation (Michael and Ojha, 2005).

10 Ws

Sd = 3

A

Where, Sy = Seed rate, kgha™; Ws = Total weight of seed, g; and A = Measured area, m?

Pre-measured distance was fixed by two standing sticks. During the time of sowing, fixed distance passing time
was recorded by stopwatch and travel speed was computed using the following simple relation by equation
(Hunt, 2001)

S— 3.6D km

t h

Where, S =Forward speed, kmh™; D= Distance, m; and t = time, s

(4)

Theoretical field capacity is rate coverage of the implements based on 100 percent of the rated speed and
covering 100 per cent of its rated width. Theoretical field capacity was calculated by the following equation
(Hunt, 2001).

Sw ha

TFC=—,— (5)
10 h

Where, S =Forward speed, kmh™ and w= Width of tilling, m

Effective field capacity is the actual field coverage of the seeder per unit time. To determine operating
time, time was noted at starting and ending point of machine operation by using stop watch, so that actual time
required for planting by seeder machine was computed in terms of h/ha. The time required for one turn of
machine and time consumed for adjustments were also noted to compute time loss in operation. EFC was
calculated as follows (Hunt, 2001).

E.F.C= é , E (6)
T h
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Where, EFC = Effective field capacity, hah™; A= Actual operational area covered, ha;andT= Total operating
time, h

Field efficiency is the ratio of effective field capacity to theoretical field capacity. It was determined by the
following formula (Hunt, 2001).

EFC
E; = x100 (7

TFC

The fuel consumption has direct effect on economics of the machine. The fuel consumption was
measured by top fill method. The fuel tank of the two-wheel tractor engine was filled and refilled before and
after the planting operation, respectively. The quantity of refilled fuel was measured by measuring cylinder.
This observation was used for computation of fuel consumption in Lh™and Lha™. Refilled quantity was the fuel
consumption was measured as follows,

Re - filled quantity of fuel, L

Fuel consumption, Lh™* = . . -
Required time of opearation, h

©)

Environmental aspect

Carbon dioxide (CO,) gas emission measurements were carried under real conditions when the two-
wheel tractor along with CA machine was used for operating in different tilling methods in the fields. The
burning of diesel fuel creates exhaust gases, and while there can be slight differences from engine to engine,
those gases are created in known quantities. By knowing the fuel rate at which an engine consumes fuel, a very
accurate calculation of carbon dioxide (CO,) emissions can be obtained. Tillage operations contribute CO,
through rapid decomposition of organic matter. Grace (2003) reported that every liter of diesel fuel used by
tillage machinery contributes 2.640 kg CO, to the atmosphere. One liter of diesel weights 835 g. Diesel consists
for 86.20% of carbon, or 720 g of carbon per liter diesel. In order to combust this carbon to CO,, 1920 g of
oxygen is needed. The sum is then 720 + 1920 = 2640 g or 2.640 kg of CO,L™ diesel. For example, an average
diesel consumption of 1.30 Lha'then corresponds to 1.30 Lha™ x 2.640 kgL™ = 3.432 kg CO, ha™. Diesel use
remains a great source of Green House Gases (GHG) presented by Grace (2003).

Economic analysis

The implementation of CA systems entails several economic benefits; some of them are direct and
easily quantifiable such as the improvement of the accounting results of the operation. The main direct
economic benefit to the farmers comes from the reduction of production costs since the yield of the crops under
CA is similar to conventional systems. A simple economic analysis was done based on total production.
Production cost included input cost. The input cost was calculated by considering cost of seed, fuel, fertilizers,
herbicide, insecticide, irrigation and hiring charges of labour. Land use cost was not considered. The gross
return and net return were calculated on the basis of local market price. The sinking-fund method is used for
calculating depreciation. The annual cost of operation of CA machine was computed as the sum of fixed costs
and variable costs.

Fixed costs

Fixed costs (FC) are expenses incurred regardless of whether the machine is operated or not
(Depreciation, D; interest on investment, I; and shelter, taxes, insurance, STI). Fixed costs are fixed in total, but
decline per hectares, as the annual use of the machine is increased (Barnard and Nix, 1979). In calculation of FC
per year is assumed and the following equation was used (Hunt, 2001).
FCy= D+I+STI 9)
Where, FC= Total fixed cost, US$yr™; D= depreciation, US$yr™; I= interest on investment (bank interest rate on
agricultural loans), US$yr™; STI= shelter, tax and insurance US$yr™

FC,,
So, FC,,=—>" (10)
Aha

In calculation of fixed cost, sinking-fund depreciation (D) is assumed and was calculated by the following
equation, (Hunt, 2001)

D:{(P_S){(1+i)L_—L(1+i)”}+S}_{(P_S){(1+NT(Ll+i)”*1}+s} "
(1+i)- -1 (1+i)- -1
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Where, D= depreciation, US$yr; P= purchase price, US$; S=salvage value (10% of P), US$; L=
Effective working life of machine, yr; n= age of the machine in years at the beginning of the year, yr; i= annual
bank interest rate, decimal.

Interest on investment (1) is the charge for the use of the cash invested on the machine regardless of
whether the cash was borrowed or not. The following equation was used for the calculation of interest on invest
(Hunt, 2001)

| P+S

2
Insurance is the cost of protecting the machine and shelter against accidents and theft. Taxes are
sometimes collected in some places when the machine has to be registered with the local government. In
Bangladesh, tax and insurance is free from locally made agricultural machinery. In the calculation shelter, tax
and insurance (STI) was considered for calculating fixed cost of machine (Hunt, 2001).
STI=2.5% of P (13)

x i (12)

Variable cost

Variable costs (VC) are expenses incurred as a result of machine operation (fuel costs, labour, and
other inputs). Variable costs depend on hourly labour cost, fuel, oil, repair and maintenance cost, and the
required working hours for each field operations. The cost of operator was calculated as the labour rate in
US$/day. The fuel and oil costs were estimated from consumption rate and multiplied by their respective prices.
VC was calculated by the following equation (Hunt, 2001).
Variable Cost (US$ha), VC= L,+F+O&L+R&M+M, (14)
Where,

Sum of wagesof labor (US$yr™)

L,= Operator/labor cost, US$ha™* = 0 (15)
Totalarea coverage(hayr™)

F= Fuel cost, US$ha™ =Fuel price (US$L™) x Fuel consumption (Lha™) (16)

O&L = Qil & lubrication cost= 15% of fuel cost an

R&M= Repair and maintenance cost per year= 3.5% of P (18)

M= Miscellaneous cost, US$ha™

Total cost of operation (TOC) of a machine was divided into fixed costs and variable costs and measured by the
following equation (Hunt, 2001)
Total cost of machine operation, US$hal TOC=FC+VC (19)

Production cost was calculated by the following equation,
Input cost, C,= Cs+ Coc+Cp+ Cyt Cpp + Cir (20)

Where, C,= Production cost, US$ha™; C,= Cost of seed, US$ha™’; Coc= Machine operating cost, US$ha
1. C, = Cost of human labour (weeding, thinning, spraying, harvesting, retting and stripping of jute), US$ha™;
Cg= Cost of fertilizer, US$ha™: Cpp= Cost for plant protection (herbicide and pesticide), US$ha*; Ci= Irrigation
cost, US$ha™.

Total cost (TC) was divided into total cost of operation of a machine and input cost. It was calculated by
following formula,
TC(owned machine)= TOC+Cp (21)
This formula is valid for the machine owner total cost for crop production. But, during custom hiring service
(CHS) charge calculation, the TOC was considered as TC.

TC(CHS): TOC
Gross return (GR) was calculated by multiplying the total volume of output of an enterprise by the average price
in the harvesting period (Dillon and Hardaker, 1993). The following equation was used to estimate GR.
GR =Y Pm+ YyPy (22)
Where, Y= Yield of main product, ha™; P,,= Price of main product, US$; Y,= Yield of by-product, ha™; and
P,= Price of by-product, US$.
Net return (NR), which is estimated from the differences between gross return and total cost of production
(Riggs et al., 1996)
NR= GR (US$ha™)- C,(US$ha™) (23)
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Benefit-cost ratio (BCR) is the ratio of annual gross return to total costs. The method of benefit-cost analysis is
simple in principle. The formula of calculating BCR (undiscounted) is shown as below

_ Grossreturn(Ussyr™)
Costof production(US$yr™) (24)

Payback period (PBP) is length of time it takes to recover the invested capital or until the net benefits
equal the investment cost. In the study, payback period is calculated by successively deducting the initial
investment from the net return until the initial investment is fully recovered. Shorter the payback period, better it
will be the investment on a machine and could be feasible. Payback period (PBP) of a machine was calculated
by the following equation

ogp _ Initial investment (Uss$)

Net return (US$yr ) (25)

Break-even point (BEP) is the point of zero loss or profit. The break-even point is the annual use level
at which the machine must be operated to make the investment profitable. At break-even point, the revenues of
the business are equal its total costs and its contribution margin equals its total fixed costs. Break-even point can
be calculated by computing method. The computing method is based on the cost-volume-profit (CVP) formula.
The break-even use (BEU) of a CA machine depends on its effective field capacity of machine operation, power
requirement, working life of machine; average machine operation per year, labour requirement and other
charges. BEU was computed by the following equation

BEU — Total fixed cost (US$)
Annual benefit (US$yr *) — Total cost (US$yr *) (26)

Where, Fixed cost of the machine for entire economic life (US$) = Annual fixed cost of the machine (US$yr™) x
Economic life of the machine (yr)

Uniform annual payments to a fund are of such a size that by the end of the life of the machine the
funds and their interest have accumulated to an amount that will purchase another equivalent machine.
Replacement of machine by new one is essential because beyond economic life it is no longer being useful for
operating in field. Performance of a new machine is significantly superior and it makes the old machine
obsolete. Anticipated costs for operating the old machine exceed those of a replaced machine. Payment for
replacement was considered as fixed cost and calculated by the following equation (Hunt, 2001).

PFR = (P—S)x————
@a+n--1 @7

The excellent results in CA acted as a catalyzer for more farmers to adopt it, and to enlarge the area
under this system for those already applying CA. The small proportion of farmers owning machines can be able
to successfully service the large proportion of farmers using machines. In the study area before demonstration,
the CA machinery was an unknown technology to the farmers and local service provider (LSPs). Because of the
CA machinery benefits, smallholder farmers of machine owner, an entrepreneur or LSPs can be started custom
hire service business to other farmers for land preparation and crop planting right now which will be profitable
venture for an entrepreneur. In Bangladesh, custom hiring is a good choice of machinery business when need
high-cost and/or specialized machinery and equipment for a short time. By offering this service to other farmers,
custom operators can spread the cost of the machinery and equipment over many hectares. An entrepreneur can
estimate the CA machine hiring charge from the following expression:
Hiring charge (US$ha™) = TOC+EP (28)
Where, TOC= Total cost of operation (US$ha™*); and EP= Estimated profit (US$ha™)

Data analysis

Collected data were tabulated, compiled and analyzed using a basic Microsoft Excel spread sheet and
using one-way analysis of variance (ANOVA) with MSTAT-C statistical software. The data for each year were
further analyzed if the interaction between year and treatments was significant. Means differences among the
treatments were compared with Duncan’s Multiple Range Test (DMRT) or least significant difference (LSD).

1. RESULTS AND DISCUSSION
Rainfall during study
Total rainfall and its distribution within the season varied from year-to-year (Figure 5). The highest
rainfall was recorded in July (477 mm) and no rainfall was found in April (O mm) during the 2017 season.
Similarly, the highest rainfall was recorded in July (298 mm) and the lowest rainfall was recorded in April (89
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mm) during the 2018 season. The total rainfall was measured 1204 mm and 1153 mm, respectively during the
season of 2017 and 2018. Rainfall distribution was comparatively better with rains continuing into June and
August than in other months during two seasons. Heavy rainfall data was recorded in April of 2018 season. This
delayed Boro rice harvesting of 7-10 days. At this reason, jute planting trials was delayed and jute area coverage
decreased. Besides this, in June in 2018, frequent heavy rains were caused water logging in some fields. As a
result, some jute seedling of each field was damaged. Figure 5 presents the monthly rainfall at the study area
location during the course of the study.
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Figure 5: Rainfall distribution of the experimental site during the crop growing period of 2017 and 2018
(April-August)

Machine performance indicators of jute planting

Field performance of different tillage and seeding machines at Baratia, Dumuria, Khulna during season
of 2017 and 2018 is shown in Table 3. Three assumptions were considered during calculation of machine field
performance parameters which are (1) The machine field performance parameters were calculated using average
database of two season; (2) Operation technology is remaining unchanged during cropping season; and (3) Only
jute planting season (30 days) is considered for performance evaluation as well as cost analysis. It was observed
that the width of tilling for ST and PTOS were found 120 cm and for CT it was 60 cm. The average tilling depth
in the soil for ST, PTOS and two CT methods were 5.30, 5.80, 7.70 and 7.25 cm respectively. The average
effective field capacity of ST, PTOS and CT for dry land and wetland tillage were found to be 0.098, 0.099,
0.09 and 0.10 ha/h, respectively. The field efficiencies of ST, PTOS and conventional methods for land
preparation were calculated as 72.89, 73.17, 73.61, and 84.66 %, respectively. The reasons for lower field
efficiencies of CA machines were that these machines were operated at slow speeds (gear 1) and turning losses
were higher than those of CT method (gear I11). The fuel consumptions for operation of ST and PTOS were
14.87 and 14.59 Lha™, respectively. Average fuel consumptions in two CT method for dry land preparation and
wet land preparation were 34.98 and 35.38 Lha™, respectively. Single pass was enough for tilling and jute seeds
planting in ST and PTOS methods. So, ST and PTOS saved about 57% and 58% fuels than those of wetland and
dryland preparation for jute planting. Fuel consumption in CT for dry and wet land tillage was higher due to
more pass as (2-3) required for land preparation. Comparison of fuel consumption of CA tilling method over CT
method is shown in Figure 6.

Table 3: Field performance parameters of different planting method for jute planting at Baratia, Dumuria,
Khulna during season of 2017 and 2018
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2017 PTO 120 1.16 13.90 5.90 0.099 71.33 59
S
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CTe 60 1.96 35.38 7.70 0.10 84.66
(*2.5 pass)
CTr 60 1.96 34.25 7.70 0.096 81.99
(*2.5 pass)
ST 120 1.14 15.93 5.20 0.098 76 55
PTO 120 1.10 15.28 5.70 0.10 75 57
2018 S
CTs 60 1.96 35.71 6.80 0.084 65.23
(*2.5 pass)
ST 120 1.16 14.87 5.30 0.098 72.89 57
PTO 120 1.13 14.59 5.80 0.099 73.17 58
S
Average CTr 60 1.96 35.38 7.70 0.10 84.66
(*2.5 pass)
CTe 60 1.96 34.98 7.25 0.09 73.61
(*2.5 pass)

Note: *2.5 passes means two passes for tilling followed by one pass for laddering (0.5 pass)
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Figure 6: Comparison of fuel consumption of CA tilling method over CT method

Yield and yield contributing parameters

Effect of different tillage systems on plant establishment, yield and yield contributing parameters of
jute at Baratia, Dumuria, Khulna during the cropping season of 2017 and 2018 is given in Table 4. In 2017
season, significantly the highest dry stalk and fiber yields were found from PTOS planted jute followed by strip
till and conventional tillage cum broadcasting jutes and they were statistically similar. Statistically the lowest
stalk and fiber yield were found from jute seedling transplanted plot. The reason of the highest stalk and fiber
yields from PTOS planted was that plant height and plant diameter of this plot were higher than other
treatments. The plant height and plant diameter enhanced the increase of both stalk and fiber yields. The jute
plants might receive more air and light due to lower plant spacing that might helped better growth. The lowest
stalk and fiber yields were found from the transplanted jute because jute seedlings were transplanted (2020 cm)
in muddy soil and there was lower air movement in the soil. When soil dried, it became hard that might reduce
the growth of jute. The yield of jute fiber of variety BJRI Tossa-2 (0-9897) in this study was similar to the yield
(2.73 t/ha) presented by Khatun (2016). In 2018 season, significantly the highest dry stalk and fiber yields were
found from strip till planted jute followed by PTOS and conventional tillage cum broadcasting jutes and they
were statistically similar. The reason of the highest stalk and fiber yields from strip till planted was that plant
population enhanced the increase of both stalk and fiber yields. In both season of 2017 and 2018, statistically the
highest plant populations were found from CTg followed by PTOS and ST planted plots and they were
statistically alike but dry stalk and fiber yields were found lower than ST and PTOS planted jute respectively.
Approximate 25-30% of immature jute plant was found in CTg jute planted field. Farmers of the study area
harvest jute within 90 t0100 days. But, optimum harvesting day of jute is between 120 days to 135 days after
planting. Farmers use the immature jute plants as binder to make a bundle of harvested jute. In season of 2018,
water logging was occurred due to frequent heavy rainfall during growing stage of jute. As a result, some jute
plant was damaged during that period. The highest morality percentage of jute plant was found from PTOS and
CTg than ST. Rain water was drained out from strip till planted jute field rapidly with strip than PTOS and CTg
planted field. Though the soil of PTOS and CTjg fields were well tilled and pulverized, small amount of water
randomly took place in comparatively lowland area of different spots in field. So, some of jute plants was
damaged due to water logged condition.
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Table 4: Effect of different tillage systems on yield and yield contributing parameters of jute at Baratia,
Dumuria, Khulna during the season of 2017 and 2018
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PTOS 36.50 288.00 14.20 6.39 48.85 3.03 6.52
ST 39.50 285.00 12.80 5.72 42.27 2.62 5.15

2017 CTs 48.00 284.00 11.90 5.26 40.93 254 4.82
CTr 23.50 279.00 12.20 5.28 18.06 112 1.68
CV (%) 115 1.79 6.34 1265  9.06 6.57 8.32
F-test o NS * * * * *
PTOS 38.75 285.23 14.16 6.56 3852 2.38 469
ST 55.21 288.33 13.85 5.93 54.88 3.40 7.32
2018 CTs 44.67 283.75 11.98 5.26 34.452 218 4.06

CV (%) 3.05 2.23 7.34 1620  3.05 3.09 3.08
F-test * NS * NS o o o

Note: ** and * indicate significant at 1% and 5% level respectively and NS= Non-significant

Comparing the economics of CA tillage method to conventional tillage method

Economic analysis of Boro rice-Jute-Aman rice cropping pattern under different tillage practices was
done based on the total cost of production and average input cost and return of jute crop (Table 8). Some
assumptions were considered during cost calculation of CA tilling methods and conventional tilling methods
which were:(1) The financial analysis was computed for machine owner; (2) only jute cultivation season was
considered for cost analysis; inflation rate was ignored in the calculation; all the devices were purchased with
cash; prices of all inputs and outputs were remaining same throughout the project life; and conversion rate of
BDT and US$ was used for the year 2018. Comparing the economics of CA till production and conventional
production involves changes in production costs that can be evaluated using a partial budget. Cost reduction was
attributed to savings on account of diesel, labor, and other input costs. Inputs such as seed, fertilizers, weeding,
and thinning were found to be significant in increasing yield. CA tilling method was eliminated the need for
whole-field secondary tillage but strip till planting method might require a chemical burn-down operation that
would not be necessary under conventional tillage. Converting to CA till production involved investment in
different tilling and seeding machinery that resulted in changes to fixed and variable costs. Mueller et al. (1985)
reported that the short-run average of machine operation costs per hectare the fixed cost for CA tillage methods
is higher than for conventional tillage methods. The expected use in hectares, the ownership costs in detail,
operating costs, and total costs of CA tilling method and conventional tilling method are summarized in Table 5,
Table 6, Table 7, and Table 8, respectively. Figure 8 shows the variable cost comparison of CA method over
traditional method. Among the cost items, the highest cost per hectare was found for fuel cost and operator cost
followed by lubrication cost and repair and maintenance cost under CT method over CA tillage method.

Table 5: Estimated cost and use factors for different tillage method

Items ST PTOS CTs CTr
Purchase price, US$ 2294 2294 1412 1412
Salvage value, US$ 229 229 141 141
Economic life, yrs 8 8 8 8
Annual use in area, ha/yr 24 24 10 10
Effective operation time, h/day 8 8 8 8
Machine usage, day/yr 30 30 30 30
Interest rate, % 14 14 14 14
Engine power, kW 9 9 9 9

Note: 1 US$= BDT 85 (2018); ST= Strip till planting; PTOS= Power tiller operated seeder; CTg= Conventional
tillage (Broadcasting); CT+= Conventional tillage (Transplanting).
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Table 6: Ownership (fixed) costs of CA tilling method and conventional tilling method

Items ST PTOS CTs CT+
Depreciation, US$yr 203 203 125 125
Interest on investment, US$yr* 44 44 27 27
Shelter, tax and insurance, US$yr™ 57 57 35 35
Payment for replacement, US$yr* 156 156 96 96
Total fixed costs, US$yr 460 460 283 283
Total fixed costs, US$ha™ 20 19 13 12

Note: Price of diesel = US$0.765/liter; Labour charge= US$6 per day (8h/day)

Table 7: Operating (variable) costs of CA tilling method and conventional tilling method

Items ST PTOS CTs CT+
Fuel consumption, Lh™ 1.35 1.35 1.35 1.35
Fuel consumption, Lha™ 14.87 14.59 34.98 35.38
Fuel price per liter 0.765 0.765 0.765 0.765
Fuel cost, US$ha™ 11 11 27 27
Oil & lubricant, US$ha™ 2

Repair and maintenance cost, US$ha™

Operator/labour cost, US$ha™ 8 7 20 18
Miscellaneous cost, US$ha™* 3 2 7 4
Total machine cost, US$ha™ 27 26 64 59

Source: Authors’ estimation based on field survey of 2017and 2018
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Figure 8: Percentage of different cost items of total operational cost of CA method and CT method
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Table 8:Total cost of planting for CA tilling method and conventional tilling methods

Items ST PTOS CTs CTr
Width of machine, cm 120 120 60 60
Forward speed, kmh* 1.16 1.13 1.96 1.96
Total cost of operation, US$ha™* 47 45 77 71
Cost of planting, US$ha™ 43 43 83 173
Production cost, US$ha™ 1069 996 1033 447
Total cost, US$ha™ 1116 1041 1110 518
Gross return, US$ha™ 2519 1784 1565 553
Net profit, US$ha™ 1404 742 425 11
Marginal benefit cost ratio, (MBCR) 2.26 171 1.37 1.02
Break-even use, hayr 0.06 0.09 0.18 0.49
Payback period, yr 0.07 0.13 0.38 13.39

Based on field data, the total cost of ST, PTOS and CT for dry land and wetland tillage were estimated
as US$47, US$45, US$77, and US$71 per hectare, respectively. Among cost items, the highest cost was for fuel
cost followed by depreciation and operator’s salary. Graphically show the percentage of different cost items of
total operational cost and variable cost of CA method and CT method is shown in Figure 8 andFigure 9,
respectively.Based on present analysis, the payment for replacement of a new CA machine was estimated as
US$156 which is implying that a machine owner has to deposit US$156 per year in a bank account so that he
can buy a new machine when the economic life of old CA machine expires for tilling and planting operation.
Total fuel cost and operator cost per year was found similar but annual use of machine in the study area of CA
tillage methods (ST, PTOS) was higher (24 ha) than that of CT for dry land and wetland tillage methods (10 ha).
The annual gross revenue received from machine service was worked out. Comparative scenario of planting cost
of different tillage and planting methods is shown in Figure 9. The planting cost of ST, PTOS and CT for dry
land and wetland tillage were estimated asUS$43, US$43, US$75, and US$171, respectively. The highest
planting cost was found from conventional tillage and seedling transplanting method due to contain
transplanting labour cost. The annual gross income received from CA and CT machinery operation was worked
out. The highest gross income was estimated per hectare of land area under ST (US$2519) and PTOS
(US$1784) method of jute cultivation followed by CTg (US$1565) and CT+ (US$553) method. The payback
period was found to be 0.07, 0.13, 0.38 and13.39years for ST, PTOS, CTg and CTr, respectively. Therefore, the
investments of CA machine over power tiller could be recovered in a relatively short span of time by the
owners.

200 ¢
- 180 +
~ 1 0N
2 160 £ 8 é“"
7] - oL )
S 140 £ g;i"
- 120 £ 2
w»n ~ o wAYS
= : p &4
< 100 -+ ‘__’. 3
gﬂ '» 50
= 80 - gy
E ; r ]
= 60 - S
N ]
] x ] . . E?é
- Y A f!
20 § p 3
: , e
ST PTOS CT (Transplanting) CT (Broadcasting)

Tillage and planting methods

Figure 9: Planting cost of different tillage and planting methods

Feasibility of CA machinery for small holder farmers

The agronomic, environmental, and economic feasibility of CA systems has been proven under
different soil and climatic conditions. There should be positive net economic or other benefits to induce a farmer
to use a technology. Farmers will most likely to adopt CA when it reduces production costs and/or increases
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yields, and also when it reduces or at least does not increase risk. One of the most important aspects of this study
was to evaluate the feasibility of CA machinery of jute crop production for small holder farmers in the study
area. The result indicates that single pass of CA machines with 9 kW power tiller operation saved time of crop
planting, reduction of fuel consumption as well as land preparation cost per hectare over two and half (2.50)
passes of power tiller operation. Marginal benefit cost ratio (MBCR) of jute cultivation by different tillage and
planting methods is shown in Figure 10. Jute is a cash crop in Bangladesh and farmers get margin by selling jute
fiber, jute stalk and jute leaves (as vegetable). The highest MBCR was obtained from strip till planted (2.26) and
power tiller operated seeder planted (1.71) plots followed by plot planted by conventional tillage cum
broadcasting (1.37) method. The lowest MBCR was found from traditional tillage and manual seedling
transplanting method (1.02). The lowest MBCR was found from conventional tillage and seedling transplanting
method due to lower fiber and stalk yields were obtained from this method (1.12 t/ha). Based on the fuel
consumption, fiber yield, stalk yield and MBCR, ST and the PTOS may be recommended for planting of jute in
Khulna region. Therefore, it can be concluded that, the investment on CA machine for both tilling and planting
is found economically feasible.
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Figure 10: Marginal benefit cost ratio of jute cultivation by different tillage and planting methods

Break-even use of machine

The break-even point measure of investment appraisal exposed that the investment made on CA
machine would be profitable only when the machines could tilling and planting at least above level of number of
area annually. An attempt was made to calculate break-even point of CA machine operation for machine owner
or LSPs based on fixed cost and variable cost of machine operation which are calculated from farm level data on
machine price, depreciation cost, interest on investment, machine life, and income from existing crop production
cost etc. The break-even use of ST, PTOS, CTgand CT+ of machine operation was estimated as 0.06, 0.09, 0.18,
and 0.49ha, respectively of land per year (Table 8). The analysis shows that the annual use of machine was more
than the BEP which means the machine make profit to the machine owner or LSPs. It means that at least the
estimated area of annual usage is required to reach the break-even point of machine. This analysis also proves
that less annual use of machine than the BEP which causes loss. This result also implies CA machine owners to
prolong economic life of the machine by taking good care of them and maintenance practices in order to shorten
break-even area and also reduce costs over conventional method. Therefore, lower break-even usage under CA
machinery operations implies that CA machinery operations at farm level were cost-effective.

Estimation of environmental benefits

The purposes of conservation agriculture are the reduction of energy consumption and mechanical
work, and reduction of the emissions of CO, and CO gases. Tillage is claimed to be one of main sources of
GHGs emitted in the atmosphere resulting in climate change which, in turn, negatively affects agricultural
production (Six et al., 2004).CA based tillage machinery perform seeding operation with minimum disturbance
of soil. Less amount of diesel fuel is used in CA tillage system compare to conventional tillage method. The
implementation of this CA technology to the practice can lead to the reduction of carbon emission and slow
down the process of climate change. Table 9, shows that comparative scenario of number of tilling pass saving
of machine operation, amount of fuel consumption as well as CO, emission in CA system over conventional
methods. The percentage of tilling cost saving by CA system was found 60% than that of conventional methods
of planting. In study area, land preparation by CT before seeding requires 2.50 pass for tilling operations for
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crop establishment, carried out by a two-wheel tractor, while in CA tilling and seeding are done in one operation
by a two-wheel tractor along with seeder machine with no previous tillage. Less plowing requires tractors to
burn smaller quantities of fossil fuels, reducing carbon dioxide emissions. Comparative scenario of jute planting
cost and fuel consumption along with number of pass for tilling and planting for each hectare in different tillage
and planting methods in the study area is shown in Figure 11.

Table 9: Cost saving, fuel saving and CO, emission in CA method and CT method in the study areas

Particulars Different tillage and planting method Amount saved

CA CT Amount %
No. of pass required 1 2.50 1.50 60
Area coverage, hayr 24 10 14 58
Fuel used, Lha 15 36 21 58
Fuel cost, US$ha™ 11 27 16 59
CO, emission, kgha™ 39 94 55 59

Note:CO, emission from 1.00 liter of diesel = 2.640 kg
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Figure 11: Fuel consumption along with no. of pass for tilling and planting in different tillage and planting
methods

Adapt with climate change

Climate change imposes constraints to development especially among small-scale farmers whose
livelihoods mostly dependence on the natural environment (i.e. rain-fed agriculture). Climate change,
particularly increasing temperatures, altered rainfall patterns, and climate variability (including extreme climate
events) will affect dramatically the productivity of crops. CA practices will provide farmers with alternative
management strategies that can help them deal with a changing climate (e.g., droughts or other extreme weather
events). One of the largest barriers for widespread adoption of CA systems is the mind set of small holder
farmers. Changing of tilling system to take benefit of opportunities offered by climate change or to minimize the
vulnerability to extreme conditions is an additional strategy that should be combined consistently with the
change of planting date. Table 9 shows that the conservation machineries gave the best results in fuel
consumption and emission of CO, respect to the conventional tillage methods. CA system saved 54% of diesel
fuel and contributed 59% less emission of CO, into the atmosphere over conventional methods. Erenstein et al.
(2007) found that conservation tillage in India saved 127% of diesel fuel. Conversion from conventional tillage
to CA tillage was reported to yield a carbon sequestration rate of 367—3667 kg CO, ha™year™ (Tebriigge and
Epperlein, 2011).CA tilling system will help to mitigate the climate change through carbon sequestration in the
soil and reduced CO, emission through less fuel consumption and less energy requirements. Costs derived from
fuel consumption are significantly reduced by using CA machinery. Besides this, yields increase has a positive
impact in the farm incomes, making higher revenues under conservation tillage methods than conventional
tillage method. Higher profitability from CA system leads to improvement in the farmers’ livelihoods.
Therefore, the implementation of CA tillage practices can lead to the reduction of carbon emission and slow
down the process of climate change.

Business opportunity of the custom hiring services of CA machinery
Partial budgeting was used in determining the relative profitability of CA versus CT. Estimation of cost
for a sample service provider was calculated in terms of the fixed costs, variable costs and hiring charges of the
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CHS business. Major cost and returns items of CA machine operation business in custom hire entrepreneurship
are as follows (Table 10).

Table 10: Estimation of cost for a sample service provider in custom hires service business

Items CA CT
Total machine operating cost, US$ha™ 45 56
Estimated profit, US$ha-1 15 4
Hiring charge, US$ha™ 60 60
Annual use in area, hayr* 24 10
Gross return, US$yr™ 1440 600
Net profit, US$yr™ 360 40

Based on field data, the estimated machine operating cost of the CA machine operation and power tiller
per hectare was found US$45 and US$56, respectively. Machine service rate was calculated on a hectare basis
as a common standard practiced by most farmers in the study areas. From the author’s personal interview,
common rate of custom hiring charge of a two-wheel tractor service provider in the study area ranged from
US$58 to US$64 for dry land preparation. Based on this information, the hiring charge of a CA machine
operation was worked out for a sample service provider. The rate of hiring service was considered the
conditions of the field being worked, distance and size of field plots, and prevailing rate of local wages. The
estimated hiring charge was considered as same US$60 per hectare under CA and CT machines operation for
land preparation. The highest net profit was found US$360 per year under CA machine operation than
conventional tilling method due to higher annual usage of machine. Graphical view of net profit of different
tillage method is shown in Figure 12. The average field capacity and number of passes of machine operation, the
average area coverage under land preparation per season was estimated as 24 ha of CA machine operation
compared to CT (10 ha). CA tillage methods increased more than 58% of area coverage and 47% more net
profit per season over conventional methods. Figure 13show that the break-even uses of machine operation was
estimated as 4.69 ha of land per year which is implying that the machine will recover its investment within 4.69
ha of operation. Rest of its life the CA machine will be running on net profit. This indicates that the CA machine
have extremely good custom hire service business opportunity for small entrepreneurs and individual farmers. In
some part of Bangladesh, the CA machine owners are using this machine for their own land cultivation and
earning cash income through custom hiring to other farmers (Miah et al.,2010). In the study area, the farmers or
LSPs can start this type of business using CA machinery for vegetable or other crop field preparation.

Net profit, US$yr!

Different tilling methods

Figure 12: Net profit for CA and CT method
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Figure 13: Economic use of CA machine operation

The profit depends upon the annual use of the machine. Higher the annual usage, lower is the operating
cost resulting in higher returns from the machine. Also, the profit of the entrepreneur depends on the socio-
economic condition of the machine user as well as the country. Figure 14 shows that the steady increase in the
number of hectares under CA over CT in the same season. The higher annual usage under CA machine
operation over conventional system which will be increased the total crop production. Besides this, CA based
mechanization can play an important role in enhancing the labour productivity of smallholder farmers. From the
point of view of the larger area coverage under CA machinery which will create CA based machinery equipment
demand. The fabrication procedure of this machinery is very simple and raw materials are locally available.
Local manufacturers can easily fabricate. So, new entrepreneur can be also started CA based agricultural
machinery equipment business as well as machinery repair and maintenance workshop business. As a result,
smallholder farmers can improve their livelihoods and reduction of unemployment with CA machinery
equipment business.
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Figure 14: Graphical view of the steady increase in area under CA and CT

IV. CONCLUSION

The CA machinery such as PTOS and ST was found suitable in terms of technical and financial
performance over traditional system. The effective field capacity of ST, PTOS and power tiller for dry land and
wet land tillage were found to be 0.098, 0.099, 0.10, and 0.090 hah™, respectively. Less time (3-5 days) and cost
(54%) are required under CA tillage system due to fewer tillage passes and cultivation operations for land
preparation over conventional system. A saving of fuel consumption by 21 liters per hectare results in reduced
fuel cost (58%) and reduced carbon (59%) emitted to the atmosphere. Significantly the highest dry stalk and
fiber yields were found from ST planted jute followed by PTOS and conventional tillage cum broadcasting jutes
and they were statistically similar. Statistically the lowest stalk and fiber yields were found from jute seedling
transplanted plot. The highest net profit per hectare was estimated under ST (US$1404) and PTOS (US$742)
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method of jute cultivation followed by CTg (US$425) and CT+ (US$11) method. The highest benefit cost ratio
(BCR) was obtained from ST (2.26) and PTOS planted (1.71) jute followed by CTg (1.37) method. The lowest
MBCR was found from CT+ method (1.02) of jute. Based on average field capacity and number of passes of
machine operation, the average area coverage under land preparation per season was estimated as 24 ha of CA
machine operation compared to CT (10 ha). CA tillage methods increase more than 58% of area coverage and
47% more net profit per season over conventional methods. The result shows that jute production under CA
tillage method is profitable venture for small-scale farmers. The break-even use of ST, PTOS and power tiller
was estimated as 00.06, 0.09, and 0.18 ha per year which implying that a machine owner has to cultivate more
than that amount of land per year for make it profitable. The payback period was also analyzed of ST, PTOS and
power tiller to be 0.07, 0.13 and 0.38 years respectively of the machine operation. It means that the CA machine
investment would pay for itself after that period. A machine owner, small holder farmer, new entrepreneur or
LSP can be improved their livelihood by earn extra income from CA machinery equipment business and custom
hiring service for land preparation. It can help the reduction of unemployment in the rural areas of Bangladesh.
The hiring charge of CA machines operation for a sample service provider was estimated asUS$60 per hectare.
On the basis of custom hiring machinery business, the break-even use of machine operation was estimated as
4.69 ha of land per year which is implying that the machine will recover its investment within 4.69 ha of
operation. Therefore, from the summary of this paper it can be concluded that the benefits of CA tillage methods
compared to conventional methods of planting of jute crop are more profitable.
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