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Preface

Mechanical intervention in crop cultivation is spreading in a faster way
due to acute labor shortage especially in - peak transplanting, weeding
and harvesting period. Researchers, extension agents, farmers, public
and private sectors, donors and nen-government organizalions are
actively involved in the adoption process of mechanized cultivation.
Machinery purchase price, unavailability of spare parts, small land
holdings, plot size and shape, inaccessibility of farm machinery to the
crop field are the major issues, which affect the swccessful
implementation of farm mechanization i the country,. Our rural
economy is mostly based on rice cultivation as it is the staple food to
Bangladeshi people, Therefore, an attempt has been made to identify the
constraints - and - enfrepreneurial opportunity  in mechanized  rice
cultivation and the result have been presented in the Book, The book is
divided into eight chapters, which describe the mechanization status,
farm machinery rental systern, mat type seedliing raising, mechanical rice
transplanting, business consideration, business model, land size and
shape as well as transplanter. operation and mechanical rice harvesting,
The book describes a lot of facks on the mechanical rce transplanting
where transplanters are still new machine b the most of the rice farmers
i this country, Business opportunity and constraints on the farm
machimery rental system are well investigated and the results have been
presented in concise form, Seasonal use and payback period of selected
farm machinery are the limiting factors in the adoption of farm
mechanization. Entrepreneurs should consider those before poing to
start service business. The book points cut the importance of land
improvement works as operational efficiency of farm machinery
dependent on the plot size and shape. [t will be wseful to the readers to
be updated and undetstand  the entrepreneurial opportunity  in
mechanized rice cultivation and will serve as a reference to the
policymakers, researchers, academics and extension agents in the
tational and international arena. The readers are encouraged to provide
opinion for further improvement of the book.



Foreword

Mechanical intervention in  crop
production is urgently needed to boost up
crop production in Bangladesh.  This
country should switch from subsistence to
commercial apriculture to  make the
production profitable in sustainable way.
Dir AKM Saiful [slam has written this book
based on the survey and research findings
on rice mechanization in Bangladesh. The
boak: 5 well organieed and  very
informative describing the present status of farm mechanization, farm
machinery tental system, mat type seedlings raising, business
opportunity of mechanical rice seedlings transplanting service, effoct
of plot size and shape on the pedformance of transplanter and
mechanical rice harvesting in Bangladesh. It summarizes the research
findings on tice mechanization especially focusing on the mechanical
rice seedling transplanting. and harvesting services in Bangladesh,
The author alse explored the actual field performance of mechanical
rice transplanter i the present land tenure system. Dr Islam has
described the existing rental systern of farm machinery in different
parts of the country, necessity of farm machinery in crop production
sector and  business opportunity. He also identified the business
constraints and opportunities of farm machinery rental system in
Bangladesh. 1 hope this would be a reference work for the scientists,
academics and policy makers as well. The essence of this book is that
it is @ surmmmary presentation of rice mechanization in Bangladesh and
bevond. Dr lslam is working on mechanization for a long time
without losing enthusiasm; certainly he has the potential to do more
in order to fransform our farming community in the long run,

A=
A
(D Bd Shahjahan Kabir)
Director General
Bangladesh Rice Research Institute

Gazipur
@



Foreword

Dr AKM Saful lslam has wrntken the
baok "Rice Mechanization ire
Bangladesh’, which is a good step that
gives us essential information about the
topic. The author conducted research
and country-wide survey on prevailing
situation of rice mechanization, analysed
the essential data and nicely presented
them to reach a meaningful conclusion,
A a result, we have found a one-stop
soutee of information that can deliver
the required data regarding the use
pattern of machinery in different areas of the country, their needs and
benefits, manufacturing conditions including problems and prospects.
Comparing and contrasting the past with the present, near with the
distant, developing with the developed world, the author has shown
his power of interpreting the issues in a brilliant, scholastic ‘and
insightful manner. The author alse mentioned the case studies on the
impact of mechanization to make the research more aothentic.
Operational efficiency of fanm machinery in the present land size and
shape are elaborately discussed in the text. He emphasized the
importance of land improvement work to get better operational
efficiency of the farm machinery. [na nutshell, we can conclude that
this is a very good publishing attempt. The author is werking on
mechanization for a long time and | appreciate his relentless effort,
Wishing him every success in his carrier.

(Professor Dr Md Mosharraf Hossain)
Diean
Faculty of Agricultural Engineering and Technology

Bangladesh Agrnicoltural University
hyvimensingh
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CHAPTER 1

MECHAMIZATION STATUS

Introduction
Bangladesh is a fast forwarding lower middle income country in

South Asia with a populabion of 1591 Million (World Bank, 2005 It s
a land of agriculture where rice (Qryza sabiva L) is the major crop
cultivated in 80% [11.27 mha) of the total cropped arca {Kabir of al,
20MGa). Rice is grown in three distinct seasons- namelv boro, aus and
antare. The country produced 34.5 million metric ton of cleaned rice in
1061 million hectares of land (BRRI, 2004}, The vearly per-capita rice
consumption is decreasing from 180 kg in 1977 (Ahmad and Hasan,
1953) to 148 ki in 2005, The population will reach 2154 million in 2050
and the demand of cleaned rice would be 44,6 million ton (Kabir & al,,
2016b). High degree of land fragmentation Le. 3.2 plots per farm with
average plot size of (.16 ha were observed in Bangladesh, The non-
farm household number is increasing at 7% per year (Mandal, 20045,
The land area is decreasing at the rate of 80,000 hectare annually due to
construction of road, house and industry (BRRI, 2009). The farmers
have to grow more food within the limited land resources to meet the
growing demand. The country aims al increasing productivity in
order to achieve food for raising demand and establish social security
of this growing population (USDA, 2015). The contribution  of
agriculture lost its dominancy to service and industey in GDP (Gross
domestic production), Still 475% of the population 15 directly
engaged in agriculture and around 7% depends on agricullure for
livelihood. The economy of Bangladesh shifted from agriculture to
service in 1984 and industry in 2004 (Fig. 1).
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Fig. 1 Trend of sectorial contribution in GDP
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The contribution of agriculture in national GDP stands at 15.51% in
fiscal vear 2014 and the contribution of industry and service stands at
2B.15 and 50.35%, respectively. The country’s labor force stood at 36.7
million on 2000 fram whom 92% are already diverted to other
professions by 2014 (BBS and &I, 2015). Bangladesh is
extraordinarily gifted with the highest portion of arable land than any
other country in the world (Table 1). Te keep progressive trend in
GDP, the country has to ensure maximum use of its arable land and
other potential resources (ie. manpower).

Table 1 Agricultural contribution in national ecomomy and

employment
Status GDF at market  Arableland (% Employment in
prices, Trillion$  of land area) agrivulture (% of

total
emploviment)

High income 52,850 940 4.

Middle income 24,750 12.40 2500

Bangladesh 8,245 T0.00 4750

Lower middle

income 5,781 1930 44.00

Low income 399 9.60 50.00

Source: Waorld Bank 2004, 20187
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Farm mechanization in HBangladesh is a complex challenge to
overcome because. of various inherent constraints like fragmented
land holding, poor finaticial ability of farmers, lack of technology
diffusion in rural dreas and fack of pood gquality machinery,
Agricultural holding in Bangladesh is small and fragmented due to
social structure and Jarge number of owners. Despite insufficient
supply of machines in the field, Bangladesh’s cereal production rate is
higher than any other middle income country {Fig. 2). The machine
gap that would be required to obtain such large cereal production is
being covered by manual labor over decades.

mmn A ricultural machinery, trackors per 100 sq. km of arable Land
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Figr 2 Ceéreal productions and machinery use (World Banl, 206)

There is a substantial contribution of mechanization in agricultural
aperations that made it possible to release agricultural laborers to get
into other high income professions {Le. business or  service),
Mechanizalion can-help 1o increase thie cropping intensity by reducing
the twrmaround time and faster operation of agricultural activities. To
keep economical consistency over the shifting of manpower from
agriculture to service and industry, it requires filling up the labor gap
i agricultural operations by mechanical interventions (Islam ¢t al,
206a).

Labor situation

Rice production area is decreasing day by day due to urbanization,
industrialization and high population pressure. The agricultural labor
force followed decreasitg trend {483 % in 2002-03 and 45.1 % in 2013)



whereas it is increasing in non-agricultutal sector (51.7% in 200203
and 534.9% in 23} due to shifting low productivity to high
productivity sector (BBS, 2005). Rice cultivation was threatened by
frequent northwester storm just at the lime of harvesting, Farmers
often lost paddy at the last stage of crop growth due to natural
calamity and labor shortage. Transplanting of seedlings into heavy
puddled seils is the common practice of rice cultivation in
Bangladesh. Soil puddling is a capital and energy-intensive process
and requires a large volume of water. [t was reported that a delay in
transplanting by one and two months reduced the yield by 25 and
0%, respectively (Rao and Pradhan, 1973). Further, due to rapid
industrialization and migration to urban areas, the availabiliby of
labror became very scarce and with hike in the wages of labor, manual
transplanting found costly leading to reduce profits to the farmers.
Weeding, harvesting and threshing are also.  the labor intensive
eperations invelving human drudgery, Due to the non-availability of
laborers, farmers are compelled to practice delaved harvesting which
results in yield loss; sometimes incurred total loss of field crops due to
natural disaster. It also hampers the land preparation and sowing
aperations for the next crop.

Farm power availability

Power availability in agricultural operation indicated the intensity of
mechanization. Farm power availability was calculated based on the
energy input per unit area of cultivable land. Figure 3 shows the farm
power availability in agriculture over the period of 1960 to 2013, The
power availability was very low before 1954, From 1960 to 1954, the
rate of increment of farm power was observed 1.2%. The farming
sector got momeritum b use machinery after liberalization of import
policy on power tiller in 1988, After 1995, government emphasized
the importance of mechanization and taken different mitiatives such
as provided fund in research and extension on farm machinery, policy
formulation, tax exemption on some important itemsand encouraged
local manufacturing of farm machinery. Hence, power availability in
farming sector sharply increased at 8% rate due to intervention of
government policy in mechanized cultivation. The progression on the
farm power availability in farming sector continoed due to provide
government assistance to procure seleckad farm machinery at farmer's
level, exemption of import tax on some ftems; disbursement of fund
on the machinery research, extension and capacity building.
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(Tslam, 2000 and C5AM, 2015)

Why farm mechanization

Labor force is becoming increagsingly costly and scarce during peak
period of farm operations. Transplanting, weeding, harvesting and
threshing operations are considered as four major labor intensive
opetations in rice cultivation. Table 2 presents the operation wise
labor requirement in manwal and mechanized rice cultivation.
Mechanized cultivation substantially reduces the labor force than
manual eperation.

Table 2 Labor requirement in manual and mechanized rice culbivation

Technology Lakbor requirement Eemarks
Manueal  Machine
man-hr  man=hr

» ) hat hat S
Transplanter 123-150 9-11 Islam et wl., (2006)
Prilled urea applicator 4 4 Islam ¢f gl {2015)
USG applicator 4 4 Islamn ef al., [2015)
Weeder B 22 Ielam &f al., (2017)
Reaper -5 S-10 Alam et al,, (2014)
Open drum thresher 5052 2022 Eelam (3006)
Close drum thresher 50-52 14-18 Islam {2006)
Winmower fman-hr +1} 21 ] Ahiduzzaman f ql,, (2000}

Mechanization is the need of the hour to offset the problems of labor
intensive works. It is essential to introduce mechanical devices in all
stages of crop production to ensure timeliness and faster operation,
reduce crop losses and  increase cropping intensity. Mechanical



intervention in crop production is the only way to reduce the burden
of labor force, helps timeliness of operation and improves the
productivity, Mechanization embraces the wse of tools, implements
and machines for agricultural land development, crop production,
harvesting, and on-farm processing: The manufacture, distribution,
repair, maintenance, management and utilization of agriceltural tools,
implements and machines are covered under this discipline regarding,
honw to supply mechanization inputs to the farmer in an efficient and
effective  manner  (www.aunupcameorg). The main  reason of
mechanization is o increase the productivity of labor force and
cropping intensity. It is advantageous when it can minimize a high
peak labor demand that oceurs over a refatively short period of Home
EVELY Vear,

Land preparation and threshing are fully mechanized whereas
transplanting, fertilizer application, weed management, harvesting
and winnowing are depended on traditional methods, which required
huge time and labor. Traditional method is incapable whereas
adoption of mechanization is a way to meet such conditions with a
burden of large investment {i.e. machine purchase cost). Emphasis
should be given to mechanize these operations in order to reduce the
labar requirement in rice cultivation. To increase crop security, faster
transplanting and harvesting operation are ways that could only be
established by mechanical intervention. Mechanization combats the
acute fabor shortage during peak planbing and harvesting period. It
also improves working condition and the performance of jobs that
would otherwise be difficult or impossible by hand method,
Mechanization transforms the labor intensive works to power
intensive works and reduces the human dradgery. It has been proven
that mechanization maximizes the production, reduces the cost of
cultivation and post harvest loss and made agricalture profitable,
Aurangzeb et al, (2007) stated that mechanization boost up the
overall productivity and production with the lowest cost of
prodduction. Mechanization relieves the farmers to earn off-farm
incomes which facilitates to improve the rural livelihooed. It also create
an apportunity inrural employment generation.

Impacts of agricultural mechanization

Before 1990s, economists and  policy makers thought that
mechanization would displaced  the fabor and ultimately cause
unemployment in the rural areas, which would disrupt the social
system, Earlier literature suggested that mechanization was not
possible in the small and fragmented land (Ahmed, 1965; Alim, 1974);
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The situation has been changing vapidly as the country faces acute
shortage of agricultural labor force especially in peak transplanting
and  harvesting time and  farmers are compelled to  adopt
mechanization. MNow, it is proven thal mechanization creates an
employment opportunity i rural areas through diversifying the
business especially development of skilled manpower and growth of
spare parts shops in the village level. More labors are engaged to
manufacture different types of farm machine. Repair and
maintenance workshops are developed in the rural areas to support
the repairing works of those machines, It helps poverty reduction and
facilitates better livelihood of the rural poor pecple. Everybody
realizes the urgency of mechanical intervention in crop production to
minimize the fabor demand and increase the crop productivity, Farm
machinery contributes to increase crepping intensity by reducing
turnaround tme between two crops. IE reduces the burden of labor
shortage during peak periods, increase the labor productivity and
encourages the off-peak employment of labor in rural nom-farm
activities  especially  post-harvest activibies e, drying, bagmng,
cleaning are basically done by the female farmers. Mechanical
intervention reduces the operational time and drudgery in post-
harvest operation. Female farmers get the opportumity o atilize their
extra time i other family affairs, The quality products obtained from
machine use increase the income of the producers. Local service
providers invest money to procure farm machinery and operate rental
sepvice avstem. Mechanization also helps in strengthening  the
capacity of local manufacturers to produce agro-tools.

Benefits of mechanized cullhivation

Mechanization offers direct and indirect benefit. The direct benefits
are to reduce the labor requirement in different stages of crop
production, improve the land and labor productivity, redoce
drudgery, fast operation, ensure the timeliness of operation, reduce
the interval times between two crops, increase cropping intensity,
increase the safety and comfort of the operator, create congenial
working environment and create job opportunity, The indirect
benefits are to increase the livelihood of the rural people, reduce the
burden of female worker, ensure the growth of service sector and
vepairing workshop, It increases income for agricultural workers and
improves social equality and overall living standards.



How mechanization increases yield

Yearly two million peoples are added in the country and expected to
reach 2154 million population in 2050, The demand of cereals by the
year 2050 has been projected to reach 44.6 million tons and rice yield
needs to be increased from 317 to 482 t ha? (Kabir o al; 2016). Grain
yield per unit arca should be increased in decreasing land resources to
maintain the national food requirement. There are possible ways to
increase the grain yield /output ie. development of saitable high
yvielding variety, efficient resource  management,  mechanized
cultivation and improved milling system. Mechanized cultivation is
the key way to increase the production in sustainable manner. Table 3
showes the vield benefits of mechanized caltivation.

Table 3 Yield benefit in mechanized cultivation
DOperation Technology  YVield/output  Source
Transplanting Transplanter 9-14% yield Islam et al., (20T6kb)

increase
Weeding Weeder Upward Islam et al, (20017)
Urea fertilizer Prilled urea  Upward Islam et af., (2015)
application applicator
UsG Upward Islam et al, (2015)
applicator
Harvesting Reaper .26% loss Alam et al., (2014)
over
traditional
Threshing Mechanical — 2-3% output Islam {2006)
thresher increase
Rice milling Aar Blow 1'% head rice Islam et ., (2004)
engelberg InCreaseE
huller
Convert to 2-3% head rice  [slam (2004)
rubber roll inerease
hulter

Crop production constraints

The country’s cultivable land is decreasing due to expansion of non-
ag;'i.cu]l'ural activities such as construction of housing, factory, office
building  cte. There is a limobed scope to expand  agriculture
horizontally. Researchers, extension agents; policy makers and
farmers are trying to expand agriculture vertically to grow mare food
grains Transplanting and  harvesting on fime  secures  the crop
production. Mechanical imervention performs the limely operation in
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all the activities. Agriculture is becoming less attraclive and rural
youths are not interested to work in this sector rather they prefer to
work in service sectors, Therefore, farmers face acute labor shortage
and wage rate goes high. Consequently, cost of production increases
due to high wage rate of labor and other inputs. Flush flood, natural
calamity, salinity, Hdal surge; excessive rain, drought and cold also
affect the crop production,

Constraints of mechanization

The major constraings in adoption of mechanical cultivation is the lack
of appropriate farm machine suilable in our land condition,
purchasing power of small holder farmers, fragmented land, farm
road, institutional leadership, financial subsidies, specialized institute
for mechanization, professional personnel, experienced engineers and
technicians. Farmers are not aware about the benefit of mechanized
cultivation due to inadequacy of extension activity involving farm
machinery or mechanization, Good quality fuel and oil are not
available in the local markets, Scarcity of quality spare parts,
replaceable tools, accessories and nadeguate after-sales services
estricted the adoption of mechanical devices, Skilled mechanics and
operators are needed for efficient operation, proper maintenance and
repair of machinery. After abolishing of standardization committes,
some manufacturers are fabricating the sub-standard farm machine as
there is no law to maintain the gquality product. Local manufacturers
are not gethng proper  designand  drawang,  standard  maternal,
Fabrication guidelines, skilled manpower, technical assistance and
credit facility, There is a variation in tariff system ie. low tariff on
imported machines and high tarff oo materials for local fabrication
(especially carbon steel),

Mechanization scenario

The change in agricultural sector such as migration of rural labor to
urban areas, price hike of wage rate during peak period, altractive
wage rate in off-farm activity, industrialization, government policies,
distribution of farm machines through development assistance
accelerated  the farm  mechanization in the country. Farm
mechanization substitute the human labor or animal power amd
improve the farm management. The increase in off-farm employment
of farmers contribute to enhance farm mechanization. The use of farm
machinery not enly depends on economic and policy matters but alse
social and  psychological factors to the acceptance of modem
machinery in the farming operation. Labor shortage and high labor
vage rate compelled the farmers to accept farm mechanization.



Government intervention plays an important role in promoling farm
mechanization: Cruality machinery and after sale service are necessary
insuccessful - implementation  of  farm  mechanization  program.
Mechanization is still in development stages compared o Korea and
Japan. Small and fragmented land restricts the farmers to use larger
size of farm machinery. Present land tenure system does not permit
the easy movement of farm machinery. The important aspect of farm
mechanization is to enlargement of land size. Small size of plot
decrease the field capacity of the farm machines.

Table 4 presents the present scenarvio of farm machinery available in
Bangladesh. Mechanical intervention in crop. production is gradually
increasing from 19808 after massive introduction of two-wheel tractor
and small engine due to liberalization of import tax and banning of
standardization committes on farm machinery. Still power tiller is
more popular than tractor due te low purchase price and advantage
in carrying, moving, hauling, Government assistance accelerates to
power tiller farming, Now-a-days, land preparation is fully depended
on either power tiller or tractor on custom hire basis. At present, 0%
land is preparved by power tiller and 18% by tractor. Small diesel
engine is mot only used in crop production, it is also wsed in other
comnmeercial purposes like electricity generation, grain cleaning, boat,
mcbile huller, sugarcane crusher, irrigation pump, rural transport e,
Rice transplanting is done manually. Mechanized transplanting is
being started recently using 4-row walking type transplanter through
public and private sector intervention. Seedling raising is crucial part
of mechanical transplanter. Farmers do not know how to . raise
seedlings suitable for mechanical rice transplanker.

The seeder machine is used in some parts of the country to sow jute,
lentil, mungbean and rarvely paddy seeds. Fertilizer application is
mostly done by hand and apphicators are rarely wsed to place urea
super pranule and prilled urea in subsurface. Weeding operation is
mostly done by hand and some parts of the country, farmers use
weeder bo control weed. Weedicide use is gething popularity due o
minimize the weeding cost. Knapsack spravers are extensively used
in crop production purpose. Farmers irrigate the land using deep
tubewell or shallow tubewell or low lift pump. Traditional devices are
used in very few areas to supply waber especially in vegetable
cultivation.

Harvesting operation is miostly done by sickle. Research institutes,
department of agricultural exkension, private sector and non-
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governmenl organization arve tryving to promote local and imported
reaper {self propelled or power tiller mounted) in the country. Duoe to
limitation, this technology is not getting popular throughout the
country, Farmers already understood the importance of threshing by
mechanical thresher but there is a gap of mechanical intervention in
transplanting  and harvesting  operation. Farmers need  rice
transplanter and combine harvester although those machines are not
economically viable to the entrepreneur due to higher purchase price
and limited annual use. The adoption mate of rice ransplanter, seeder,
granular wrea applicator, prilled wrea applicator, reaper, combine
harvester and dryer 15 low due o several constraints. Combine
harvester is complicated and sophisticated machine and performs
four operations e cutting, threshing, cleaning and bagging in one
pass travel. Gob took initiative to introduce reconditioned combine
harvester under farm mechanizabon project  during 2009,
Entreprencurs purchased the reconditioned combine harvester with
ong tenth price of new combine harvester, replaced the damaged
parts and refreshed b locally o make the combine harvester in
operational condition. Uttaran Engineering Workshop, Kalitola,
Dinajpur purchazed the reconditioned combine harvester, dismantled
i their workshop and identified the parts to know the working
principle of different parts with a view to fabricate harvester using
locally available materials. In the meantime, operators and mechanics
were  developed and  gained  confidence to operate, repair and
maintenance of the combine harvester, Later, the governmerit banned
the import of recondition combine harvester because of introducing
machine in worst condition. BER], BARI and local manufacturer
developed threshers having different capacities, which are extensively
used in the country to thresh rice, wheat and other crops. BRRI also
engaged i the development of mini combine harvester suitable to
our present land tenure system.

Crop drying is considered as major problem of the farmers to protect
grain from spoilage especially in rainy season, Farmers were unable
to pay dryirg cost as it increased the production cost. They are
heavily depended on the sun rays to dry the crops inorder to
minimize the drving cost. The drying efficiency of Ludhiana State
University {LSU} dryer was very much higher as it was re-circutating
type and extensively used in the auto rice mills. In industrey level 30%
paddy is processed by using engelberg huller and 70% with rubber
roll huller. In village level, rice 15 milled in engelberg huller. Rice
milling in moebile haller is the cheapest way to process the paddy at



village level. It is extensively operated in the village level on custom
hire basis and farmers get the service in the door step. Small quantity
of paddy can be milled in mobile huller, Twoe to three passes are
needed in engelberg huller 1o get the cleaned rice. Moreover, husk
and bran cannot be separated in the engelberg huller. Bulk amount of
paddy is needed to prooess in commercial mill equipped with either
rubber roll or engelberg huller,

Table 4 Present status of farm machinery in Bangladesh

Machine Chuantity, ne,
Diesel engine B[00000
Power tiller 00,000
Tractor GENEAY
Seader 5,00
Rice fransplanter 30K
Weeder 2,580,000
Prilled urea applicator A
Granular urea applicator 1&, 000
Spraver 13,0004
Reaper 500
Combine harvesler 130
Jute ribboner 40,000
Open drum thresher 1.50,000
Closed drum thresher 2.20,000
Maize sheller 42,0040
Sugarcane crushing machine 50, (K0
Winnower 30060
Drver 00
Rice mill 15, 0Cx)
Imnproved parboiling tank kit
Poweer driven pump 167,175
Deep tube well 35,060
Shallow tube well 1548711

Ahmed, 2004
Ahmed, 2014; Kabir, 2014
Waohab, 20012
Islam, 2004
Ahmed, 2004
hioA, 20060
Mo, 2016
Ahmed, 20014
Ahmed, 2014
Ahmed, 2014; Kabir, 2014
Mo, 2006
Mo, 2006
Mo, 2006
Ahmed, 2014
MoA, 2016
Ahmed, 2014
Maoa, 2016
Mo, 2006
Mo, 2006
Mo, 2006
Mo, 2006
Mo, 2006

Market price of the farm machinery
Alam (2014) stabed that annual total agri-machinery market size of
about Tk 74.63 billion of which local production market share was
about Th #1144 billion. Market size regulates the price of the product.
Table & presents the purchasing price of farm machinery of different
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makes and models available in the local market. Product sell not only
depends on the market price but also the annual use the machinery.
Market price is not only one indicator to increase the sales volume of
the farm machinery, however, recovery patterns, after sale service,
availability of spare parts regulate the sales volume. Entreprensurs
purchase the machine based on the operational efficiency, after sale
service, initial down payments, payment on installment basis, number
of installment and grace period. During selection process of farm
machinery, entreprencurs are influenced by their neighbor who had
already purchased the machine.

The market of power tiller, tractor, drrigation pump, sprayer and
thresher has been developed and their potential s well recognized by
the entrepreneur due to the scope of rental service, However, the
market potential of transplanter, reaper and combine harvester has
not vet been developed due to limited annual use and less scope in
providing rental service. Market price of paddy is the main
determinant to regulate the rural economiy. Paddy price appeared as
another limiting factor to purchase the farm machinery. Therefore,
paddy exchange rate Is used to compare the market price of farm
machinery. Tslam ef af. (2016) compared the paddy exchange rate to
purchase farm machines and mentioned that farmers have to sell 18
tons of paddy to procure a ransplanter in Bangladesh, whereas, in
Republic of South Korvea farmers need to sell only 2.5 1+ of paddy te
procure the same model of transplanter, Paddy exchange rate is=
higher in tractor compared to other farm machinery that does not
restrain the entreprenear 1o purchase the tractor due o versatile use,
In off-season, tractors are vsed to carry goods, which enhance the
rutal economy. Farmers are getting good return by providing custom
hire service in land prepatation and other operations especially
carrving goods. Although paddy exchange rate of BERl weeder is
very nominal, the farmers do not want to use it to control weeds in
tice field due to expanding herbicide market rapidly. The limiting
factor of weeder aperation is to transplant seedlings in line, water
level during weeder operation, soil type and weeding regime, Paddy
exchange rate of larger size of head feed combine harvester is higher
than ather farm machines. The limited annual use, small fragmented
land, inaccessibility of farm machinery to the plot, rural road
condition, lower elevation of plots from the road, leading/ unloading
facility, unavailability of spare parts and extended payback period
restrained the entreprencur to buy combine harvester. Farmers
showed keen interest to use combine harvester in harvesling rice and



wheat as it performs four operations simultaneously ie. harvesling,
threshing, cleaning and bagging. However, entrepreneurs are unable
to gt profit by providing rental service to the fanmers due to higher
purchase price and seasonal use of the combine harvester, The paddy
exchange rate of reaper is lower than other harvesting equipment.
Farmers were hesitant to use reaper in harvesting crops due to
problems of gathering crops after harvesting and carrying crops from
field to homestead for threshing that needs extra labor. The reaper has
also the limitation to harvest lodged crops and unable to operate in
mueldy field, Keaper performed well in harvesting wheat due to land
becamie dry during harvesting time. Therefore, market potential of
reaper is limited and the entrepreneurs are not enthusiastic to buy
reaper due to same reasons as mentioned in case of combine
harvester. There is a market potential of mini combine harvester due
to cheap price and performs the same operabion like larger siee of
combine harvester,

Table 5 Market price of farm machinery with paddy exchange rate

Machimery Power Importy Price, Tk Paddy exchange rate,
lescal i b umit!
Power tiller 12 hp Imported 120000 500
1é hp boportad 150,000 .25
Tractor EShp Irported 1360000 150
Bl bp Imporbed  10,60,000 HLE
Trn.nwplanh-.r Jormar ImFmrbed 4 [ (HX] 1h.67
bty Imported 1600000 6T
Seeder 12-16hp  Doported G000 250
Sprayer 16 L Local 2,300 1006
UG applicator Lowal 5,000 0.1
Prilled urea Lowcal 5,1KH 0.1
applicator
Weeder Lacal A00 006
Power weeder Local B0 .50
Irrgation pumg LLFP Local 15000 0LE3
ST Local 1, R 415
LTW Imported SZ00 217
Reaper 6.5 b Imparted 17RO 78
Thresher 16 hp Lacal 105000 4.38
Combine harvester B2 hp Iroported  26,00,000 10833
12 h‘p |n1p-l:|rbé|J &, 100 .00

Source: Field survey 2017, paddy price: Th 24,000 per ton



Tl nand sad=om skaitis

Import scenario of farm machinery

At the initial stage of mechanization, power tllers were imported
from Japan and tractors were imported from Russia (Belarus modet)
and England [Messy Ferguson model). Now-a-days, most of the
tractors are imported mainly from [ndia. After liberation war, Kubota
and Yanmar model power Gillers were imported from Japan
Performance of those models were satisfactory however, price was
bevond the purchasing power of our farmers. After devastating flond
in 1968, government relaxed the impoert tax on power tiller and low
cost power tillers were imported frem Ching, Now, almost 100%
power tillers are being imported from China. Two models of power
tller namely Dongfeng and Sifang are widely used in the coantry.
Very few rice transplanters including walking and ride on types are
operated in the country and all the transplanters are imported from
Korea and China. CIMMYT introduced power tiller operated Chinese
seeder (2BG-6A) in 1995, The use of seeder machine is increasing day
by day, Bost of the seeder machines are imported from China and
very Few are manufactured locally. Iemgation pumps and sprayers
(either power or knapsack sprayer) were imported from Korea, China,
frazil, and India. ™ow, irrigation pumps and sprayvers are
manufactured focally. At present, reapers are imported from China,
South Kores, Vietham and India. Very few rice-wheat reapers were
manufactured locally and sold to the farmers, The quality of reaper
was not up to the mark. The local manufacturer was unable to
mantfacture good quality cutting blade which was the crucial part of
the reaper due to lack of heat treatment facility. The demand of rice-
wheat thresher and maize sheller are met up by the local
marufacturer. Combine harvester of different makes and model are
imported from [ndia, South Korea and China.

Farm machinery manufacturing industry

Until the beginning of this century, The Hahman Engineering
Workshop, Kushtia; Alim  Industries Limited, Sylhet; Comilla
Cooperative  Karkhana, Comilla; MAWTS, Dhaka; Mahboob
Engineering, Jamalpur and Utlaran Engineering Workshop, Dinajpur
plaved pioneering rule in manufacturing different kinds of farm
machinery especially hydrotiller, weeder and thresher. There were
also small manufacturers available in the country to fabricate
threshers and irrigation pumps and sold directly to the farmers. Good
quality spare-parts especially liner, piston, valve guide, bush, pumps
and impellers are produced in Bogra district and exported to Bhutan,
India and MNepal. Faroug et al. (2007) mentioned that more than 40,000



smrall and mediam-sized local metal working workshops have grown
up to manuefacture farm machinery all over the country. In recent
vears, the GoB has given due importance on the expansion of farm
mechanization activities. The couniry realizes that adoplion of
mechanized tultivation is the only way to feed the population. The
agri-machinery sub-sector has got momentum on the production and
marketing of different kinds of machinery and spare-parts. Now, the
scenario has been changed and new entrepreneurs come forward to
fabricate different types of fanm machinery using locally available
materials,

The growth of local farm machinery manufacturing industry is
expanding day by day. Alam ¢f ol (2014} stated that the growth of
farm machinery manufacturing and associated industries were about
70 foundries, 800 agro-machinery manufacturing workshop, 1,500
spare parts manufacturing industries and workshops and about
20,000 repair and maintenance workshops are engaged in agro-
machinery subsector of the country. Knapsack sprayers, irrigation
pump, seeder, thresher, corn sheller, rice milling equipment and spare
parts of power tiller and engine are manufactured locally in different
parts of the country and satisfy the local demand. Manufacturers
started to manufacture combine harvester in their workshop.

Among the farm machinery manufacturers Alim Industries Limited,
Sylhel modernizing the workshop facility with the co-operation China
venture. Janata Engineering Works, Chuadanga expand  the
machinery business  and modernize  the workshop. Large
manufacturers are establishing the research and development section,
setting up marketing and testing facility, creating good environment
for worker, installing modern capital machinery to start line
production with maintaining quality of the product. Bangladesh
Machine Tools Factory (BMTF) 15 the only one government owned
farm machinery manufacturing industry which is ran by the
Bangladesh Army and producing, supplying and marketing of
different kinds of farm machinery.

Sarker et al. (2001) and Islam ¢ al. (2001) studied the production
problems of the farm machinery manufacturing industries. Most of
the farm machinery manufacturers considered machinery business as
seasoral due to seasonal demand. Very few manufacturers got
techmical assistance from the research institites, In general, small
manufacturers do not wse jigs and fixtures and produce different
standard machines. On top of that, manufacturers do not use quality
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matetials and follow the exact specifications consequenthy produce
low quality machine: Manufacturers do not have heat treatment and
foundry  facilitv. Very few manufacturers have research and
development section to modify the farm machinery according to the
demand of the farmers. Manufacturers do not have the instrument to
test the machine in off-load and load condition. Before marketing,
machinery should pass the endurance test, The major concern of the
manufacturing industry is the safety issues ie. wearing helmet,
gloves, popeles, shoe while working in the workshop, Reverse
engineering started in Dholaikhal and Nawabpur area in old Dhaka
town. Later those factories were shifted to Bogra and Jessore areas.
Bogra is the largest manufacturer of farm machinery and spare-parts
in Bangladesh.

Manufacturer face problems on capital, setting up infrastrocture,
skilled Iabor, complexity in bank loan, low quality of raw material
and technical know-how of the worker, Alam et ol (2014) also
conducted an in-depth study on the opportunities and constraints on
the agri-machinery subsector. The authors identified that similar
problems were existed as mentioned in Sarker et al. (2001) and Islam
el al. (2001) after 12 wears. In the competitive market, many
manufacturers produced sub-standard machinery and sold to the
farmers at the lowest price, which created a negative impact among
the: Farmers,

Manufacturer association

The organizations linked with the farm machinery manafacturing
formed different associations such as Foundry Owners' Association of
Bangladesh [(FOAE), Bangladesh Shilpa Malik Samity (BSM),
Bangladesh  Agricultural Machinery  Manufacturer  Association
(BAMMA)Forum of Agro Machinery and Manutacturing and
Processing Zone (FAMMPZ) to make a deal with decision makers to
remove the barrer on the growth of this sub-sector. They sit together,
discuss with each other, identify the current barrfer and logistics
needed to tun the machinery business smoothly. According to the
demand of the manufacturer association, Government has exempied
tax on fourteen items.

Repairing workshop

Due to expansion of mechanized cultivation, repairing workshops are
set up in the root level, Engine repairing and maintenance facilities
are available in the village level. Spareparts of farm machinery are
also available in the local shop. A good number of mechanics are



developed and provided service to the machinery owner on the repair
and maintenance.

Trading of farm machinery

Chittagong Builder Limited is the main importer of small engines.
AC] motor Ltd, and The Metal (Pvt) Lid, Corona Limited, Karnafuli
Croup started their business o market fractor and power tiller. They
expand their business and marketing diesel engine, transplanter,
spraver, reaper, thresher and combine harvester through their sales
agent.

Marketing network

The marketing channel of the imported farm machinery is the
importer, wholesaler /dealer, sales employee and retailer. The traders
have the good marketing network throughout the country and
providing after sale service. They have set up show rooms in different
districts where farmer/entreprenceur can watch the machine and
purchase directly from the show rooms. Small marufacturers sold the
product directly to the farmers in different parts of the country
through their own manpower as well as dealership network. Most of
the manufacturers have the limited access to collect information on
the market size. Information on market size in each product helps the:
entrepreneur o make  decision on produection  volume  and
establishment of sales network, Small manufacturers are unable to
gather market information from different parts of the country due to
resource constraints and sell the product in local areas only.

Warehouse facility

Alim Industries Limited, Sylhet constructed big warehouse facility to
stockpile thresher, hydrotiller as well as other farm machines in off
season and sent to the dealer before starting the season. Other
manufacturers have [imited ware house facility to stockpile their
product. They started to manufacture farm machinery nearer to the
beginning of season.

Education and training

Bangladesh Agricultural University, Mymensingh; Hajee Danesh
Science and Technology University, Dinajpur and Sylhet Agricultural
University, Svthet are engaged in producing graduate stodentson
agricultural engineering. Agricultural engineers are playing vital role
in promoting mechanized cultivation in the country, Technical School
and College also offers Secondary School Certificate anid Higher
Secondary Certificate on Farm/agro machinery trade. Fublic and
private sector institutions especially BREL BARL DAE, ACT Motors
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Limiled, The Metal (pvt] Limited, Corona Indusiries Limited, and
MAWTS provided hand-on training on the operation, repair and
maintenance of farm  machinery. Some of the trainees are
professionally involved in the operation and repair of farm
machinery.

Research on farm machinery

Farmi mechanization depends on the development of appropriae
machinery suitable to our present land and socip-economic condition
of the farmers. Bangladesh Rice Research Institute, Bangladesh
Agricultural Research Institute, Bangladesh Sugar-crop Hesearch
Institute and Bangladesh Agricultural University are actively
involved in the - design;  development, field testing, farm lovel
evaluation, validation, dissemination, feedback collection and
madification of the farm machinery and technology. Farm Machinery
and Postharvest Technelogy  Division, BREI has the prime
responsibility to design, develop, test and validate the rice based
machinery and technology. It has developed a number of farm
machinery and technology and disseminated to the farmers” field.
Among  them, seedlings raising technique for mechanical rice
transplanter, BRRI weeder, BRRI USG applicator, BRRI prilled vrea
applicater, BERI rice-wheat reaper, BRRI open drum thresher, BRE]
rice-wheat thresher, BRE] winnower and BRERI chopper are
mentionable. These machines and technologies are widely used in the

oruntry.

BRERI is conducting research on the development and fabrication of
farm machinery using locally available material under public privare
partnership approach. In the mean time, BRRI worked on the manual
vice transplanter and power weeder with Alam  Engineering
Workshop, Dhaka; chopper and combing harvester with Janata
Engmnecring Workshop, Chuadanga and panicle thresher with Farida
Engineering Workshop, Bogra. Local manufacturer modify the farm
machinery according to the demand of the farmers. Research
institubes offer technical assistance to the manufachurer by providing
desigh, drawing, technical expertise; suggestion and field testing,
Extension of farm machinery

Demonstrabion 15 the strongest ool for creating awareness of the
Farmers. Department of Agricuttural Extension (DAE) is the only one
government owned extension agency providing advisory supports to
the farmers on all types of technology related to the agriculture.
Agricultural  engineers of DAE are conducting large scale



demonstration program on different farm machinery and technology
with the assistance of respective district and upazila agricultural
extengion office.

b 1998, BERI for the first time of its history, pot the small project
named ‘Adaptive research and impact study agricultural machinery
in some district of Bangladesh {ARISAM)" to dissermnate the BRE]
developed farm machinery and technology in different villages of
Thakurgaon and Dinajpur districts.This project was accomplished
with the financial assistance from Agricultural Research Management
Progeam (ARMP), Bangladesh Agricultural Research Council (BARC)
from January 1998 to December 2000. BRRI rice -wheat reaper, BREI
rice-whent thresher, BEEI open drum thresher and BERI power
winnower were demenstrated in the porject locations, Three local
entrepreneurs namely: Krishikanzal Prokalpa, Baliadangi, Thakurgaon;
Krishikal Prokalpe, Ranisankail, Thakurgaon and Palltkousel Prokaipa,
Katoali, Thakurgaon were developed o provide rental service of the
farm machinery, Local farm machinery manufacturers were enlisted
to fabricate and market BRRI machine to the farmers.

Adter successful completion of ARISAM project, GoB provided fund
to BRRD on the project named ‘Popularizing Agricaltural Machinery
Project (PAMP) for the research and extension of rice based
machinery and technology. The project was executed in 21 districts
pamely Dhaka, Mymensingh, Tangail, Sherpur, Comilla, Noakhali,
Chittagong, B, Baria, Sylhet, Gopalganj, Jessore, Kushtia, Satkhira,
Barisal, Bogra, Rapshahi, Naogaon, Pabna, Thakurgaon, Rangpur and
Dinajpur in 2002-06. During the project period, farmers purchased
mare than 5000 BEEI machines at their own cost and operated those
machines on custom hire service. Custom hire service of BRRI
machines generated rural employment. A total of 5300 farmers,
manufacturers, farm machinery operators were trained on the
eperation and maintenance of BRRI machines. In PAMEP project, one
unit of BRRI rice-wheat thresher was given o SAAD through DAE,
Rajshahi. He was advised to split the income into three partions e,
one third for paving operator charge, another one third for repair and
maintenance cost and the rest for supervisor charge. This model
appeared as accepted model for threshing rice and other crops,
Higher threshing capacity with cleaning mechanism attracted the
Farmers to accept this technology. Moreover, entrepreneur can eam
additional profit from threshing wheat, mungbean, blackgram, lentil
and chickpea. By seeing the profilability, entreprenears purchased 710
units of thresher and provided service to the farmers on reiital basis.
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The Department of Farm Power and Machinery (DFFM) of
Bangladesh Agricultural University, Mymensingh implemented the
project named "Research and Extension in Farm Power Issues
(REFPL) in 2000-2003 under the financial and technical assistance of
The Department for International Development (DFID) of United
Kingdom to improve the livelihoods of the rural poor through
effective and efficient use of farm power and machinery by small
farms and rural systems in Bangladesh. REFPI implemented their
activity through providing competitive research fund to GONGOs.
Those projects created tremendous impact on the spreading of

mechanized cultivation in Bangladesh,

Gob also funded BREI to execute the project named "Farm Machinery
and Technology Development (FMTIN to disseminate BRED farm
machinery to the farmers through extensive field demoenstration and
training. During the project period, 5375 BREL developed machinery
were sold to the farmers at 60% subsidized price. Altogether, 4,220
numbers of farmers/operators were frained on the operation and
maintenance of farm machinery during the project period. Fifteen new
agricultural machinery were developed and  six machinery  were
mindernized  during the project period, which were contributed to
mirimize production cost as well as postharvest loss:

DAE started to execule mechanization activity with agricultural
engineers in 1997, The disseminaton activity on mechanization was
discontinued after the ending of project in 2004 due to absence of
institutional set up of Agricultural Engineering Wing in DAE. At
present, the personnel having degree on agricultural engineering are
engaged in the dissemination work onfarm mechanization in upazila
level through the mainstream DAE network. Department of
Agriculiural Extension (DAE) executed Gob funded project named
‘Enhancement of Crop Production throogh Farm Mechanizabion
Project Phasesl' during 2009-12 o disseminate the farm machinery
throughout the country under subsidy program. Farmers got 25%
government assistance bo procure different bypes of farm machinery.

Currently, DAE is also executing the GoB funded five-year project
named ‘Enhancement of  Crop Production  through  Farm
Mechanization Project Phase-IT" for 2003-2018 i all over the country
and widen the subsidy program. Under this project, amount of
assistance is increased and farmers get 50% government assistance lo
procure different kinds of farm machinery especially  transplanter,
seeder, thresher, reaper and mini combine harvester. The government



also provided transplanter and reaper in faor areas under full
assistanwe. DAE is also setting up 100 custom hire service centers to
provide service on farm machinery and technology to the farmers.

The expansion of mechanization is the outtome of the combined
efforts of different stakeholders involved in the process of
mechanization. e ministry, research institute, extension agent,
development partner, manufacturer, trader, dealer and farmer,
Development partners like CIMMYT, IRRL ACIAR, iDE, KOICA,
JICA and NGOs are also involved in the spreading of farm machinery
and lechnology through providing training and logistic support to the
end wusers. Researchers and development partmers are actively
invirlved in the development of business model on farm machinery
and encourage rental service through formation of local service
provider. Ministry of Agricalture, research institute, development
partner and manufacturers organize seminar, workshop, motivational
tour and field day to disseminate the research findings on the issues,
constraints and oppartunities of mechanized cultivation.

Exbension material

In 1994, DAE published 'Farm Machinery Resource Handbook' by the
Canadian Assisted Crop [iversification Project, This book was
enriched with pictorial descriptions of seven categories of farm
machinery e (i) tillage (ii) inter-culture, seeding and planting
machines, (iii} plant protection (iv) irrigation (v] harvesting and
threshing (vi) agro-processing (vil) transport (Mandal, 2007, BRRI
prepared leaflet, brochure and posters, on different types of farm
miahcinery and technolagy and these distributed ta the srakeholders.
BRER] also prepared operational manuvals on farm machinery and
technology, The operational manuals included mat type seedlings
raising, transplanter, USG applicator, prilled urea applicator, weeder,
rice-wheat reaper, open drum thresher, rice-wheat thresher (THY),
rice wheat thresher (THS), winnower, dryver, stove andlong grain rice
processing technology, The manuals provide pictorial description on
the operabon, repair and maintenance of farm machinery and
technology cand  trouble shooting, The addresses of the farm
machinery manufacturers and dealers were incorporated in the
manual. Documentary on the operation, repair and maintenance of
the rice based farm machinery and technology was prepared to
broadcast in mass media, aylcultural fair ‘and training session,
SAARC Agricalture Center, Dhaka also published “Directory of
Successful Farm Machinery in SAARC Countries™ with pictorial
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illustration of farm machinery in Bangladesh, India, Pakistan, Nepal
and Sri Lanka.

Internet service/mobile apps

BRE] prepared 16 fact sheets on the machinery and technology and
uploaded in Bangladesh Rice Enowledge Bank
[wowrw brkb.brri.gov_bd). BRED also providing sérvice through mobile
apps on the rice based technology especially on farm mechanization,
The government has given top priority on the information and
communication system throughout the country and setup community
based information networks al union level. Farmers have the good
access on the internet at village level where thev can get information
on machinery availability, type of machinery use, cost of machinery
opetation and after-sale service etc.

Mechanization road map

The country’s agricultural system  should be changed from
subsistenceto  commercial agriculture 1o make the production
sustainable, Mechanical intervention in crop production is the key
element to make the crop production business viable. The
Government of Bangladesh realized the importance of mechanized
cultivation and formulated mechanization road map 2021, 2031 and
241 in 2016, The road map committee identified the challenges,
which hindered the mechanization activities in Bangladesh. The
challenges mentioned in the road map were the reduction of farm
labar at an increasing rate, reduction of agricultural land, climate
change, land Fragmentation, manufacturing inferior quality farm
machinery, suitability of farm machine in local condition, lack of farm
road, high price of the farm machinery, low purchasing power of the
farmer and depletion.of ground water. Mechanization road map also
encouraged the development partners to be involved actively
achieving the mechanization goal. The road map proposed the
implementation  strategy  to  meach the target of  mechamized
cultivation.

Strategy to implement mechanization road map

=  Rescarch and development of appropriate farm machinery
and technology with - the active participation of public and
private organization

»  Develop entreprensurship on manafacturing farm machivery
and technology

s Popularize appropriate farm machinery and technology
throughout the country



s Standardize and certify locally develdped and imported farm
machinery through set up of testing laboeratory

»  Restructuring institutional manpower and recroiting root level
manpower having agricultural  engineering degree  in
thedepartment of agricultural extension

s Capacity: building of different stakeholders by . providing
training on the operation, repair, mamtenance, manufacturing
and dissemination of farm machinery technology

# Modemnize infrastructural  facility  and  manpower
development in the research station

«  Develop entreprencurship and set up custom hire service center
to provide machinery service to the farmers on rental system

#  Provide development assistance or incentive on the selective
machinery for faster adoption of farm machinery and
technology especially in valnerable and disadvantaged aneas.

o Provide soft loan facility to set wp farm  machinery
manufacturing industries and to procure fanm machinery by
Farmer and entrepreneur

»  Formulate policy to implement the farm mechanization activity

«  Prepare safety regulabon on the use and operation of farm
machinery

Table & shows the mechanization road map that also fargeted the
machinery use in different farming activities. The concerned authority
should take the relevant steps to achieve the goal, It is impossible to
achieve the mechamzation goal by government intervention alone. It
would be a holistic approach  through inclusion  of  ditferent
stakeholders especially  public, private, development partners,
extension  agents, traders, ‘manufacturers, local elites, taxation
department, media partners ebe.The next step of mechanization road
map is to prepare action plan and execute the plan accordingly. The
government is trying te develop congenial atmosphere to spread the
mechanization activity in faster way.
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Table 6 Target of farm machinery use in crop production

Activity Target of machinery use
Present Short Medium term Long
slatus, % term [203L), % lerm
(20213, % {201}, %
Transplanting <} 20 40 Bl
Seeding 3 25 30 B
Harvesting i 0 &) fill
Efficient irrigation 33 40 30 i
and water
management
Fertilizer application | 10 30 Rl
Weeding 2 15 il
Potato seeding and 0.1 10 E i B
harvesting
Power spraying 0 i 10 3l
Maize harvesting 0 5 10 al
Jute harvesting ard ] L] 30 Bl
processing
Sugar crop planter i 14 bt fl}
and harvester
Processing perishable 0 10 Kt Al
product
Crop slorage 1y M 40 1l
Litilization of 1 1] 3 Sl
renewable enargy
Precision agriculture i & n i
Fruit harvesting a 10 30 80
Conservation 11 5 0 4
agriculture

Source: MoA 2016

Palicy issues

Sustainability of mechanization need holistic approach through
intervention of public and private organization. Every stakeholder
should come forward to make plan on mechanization. In seme places,
our policy may not match with other countries due to difference in
socio-economic conditions of the farmers and land tenure system.
Course curriculum and research facility should be modernized in
graduate and post graduate level. Syllabus should be modified in the
farm machinery trade ender Technical School and College. Courses
on farm machinery to be included in the youth training center
Agricultural Traming Institutes (AT under TAE should have a
definite currfculum  on farm  mechanization and post  harvest



techmology: and they are to be provided with a set of potential farm
machinery developed by research institute for the training purposes,
Research  inshitutes must have the sufficient manpower with
infrastructural facility 1o conducl research on the machinery and
technology suitable to our country condition. Insufficient manpower
having knowledge on farm machinery and technology existed in the
department of agricultural extension. Opportunity should be created
in D'AE to employ agricultural engineer with operator and mechanic
at upazila level Adequate development assistance is needed to the
farmers for purchasing farm machines. Long-lerm credit facilities a1
lowy interest can be provided to the individual farmers, manufacturers
and local service providers to accelerate supply and demand of farm
machines,

Fund of local annual development program (ADF) may be utilized to
procure farm machinery and distributed o the poor farmers. It is
imperative to promote local manufacturer o meet the domestic
demand and export potential of farm machinery. Manufacturers
manufacture the sub-standard product and offer lower price to
compete in the market, Proper monitoring is needed to mainkain the
quality of the farm machinery produced in different engineering
workshops in the country. Sufficient facilities should be provided on
the development of local service provider to offer farm machinery
service at cheapest rate, Machinery testing center should be
developed in each zone to test the farm machinery, quakity control,
training and demonstration. Standardization committee should be
revitalized for controlling quality of the local or imported machine
and certification should be given to the guality product for getting
irnport Facility.

It has been experienced that farm machinery can nol be operated
efficiently due b present land size, shape and lack of farm road.
Governument intervention is needed to improve the land size and
shape for better field performance and create farm road for
accessibility of farm machines. Postharvest activities are mostly done
by rural womern and they are to be motivated and trained on the use
of farm machinery especially weeder, thresher, winnower, drier,
improved, stove et Extensive training on the operation and
maintenance of farm  machinery should be provided o the
government, non-government and private level extension workers,
operators, farmers ete. Government assistance on the procurement of
farm machinery should be continued for faster up-scaling the service
of modern machinery. Bogra and Jessore districts are treated as the
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ceritral hub of manufacturing farm machinery and spave-parts with
limited foundry and heat treatment facility. Those zones fulfill the
country’s demand on farm machinery and spare-parts. Some of the
locally manufactured spare-parts have got the export potential and
exporting to Bhutan, Nepal and India. Agrimachinery production
rone [APZ) may be set up in Bogra and Jessore districts where all
facilities will be available {Alam 20M4b).

Farm mechanization model

Mechanization model on different farm machinery is needed to be
developed by its owmn way. Such a model do need to follow Korean or
Japanese model that based on greater manufacturing capacity of iron
processing industry and abundant petraleum rescurces. They have
accomplished complete agricultural mechanization in relatively short
period of time, because of geed manufacturing infrastructures, Korea
started agricultural mechanization by adopting irrigation pump first,
then thresher, reaper and binder, finally rice transplanter and
combine harvester,

The agricultural mechanization period in Korea was actually the
period of steel processing manufacturing industry built-up in which
big steel factories had begun to produce steel products such as steel
plates and various steel rods, etc. Dasdong Ltd. was the pioneer of
manufacturing machines in 196('s to 1970s, In recent years, steel
manufacturing industries are growing faster in Bangladesh to
manufacture different graded steel and rod. These industries could be
a base to supply different graded material to the local machinery
manufacturing industries to manufacture farm machinery that can
suit our country condition,

The propagation of rice transplanter and combine harvester can not
be achieved by importing all the machine from abroad and it may
take decades to build manufacturing infrastructure in Bangladesh fior
domestic production of farm machinery. Agricultural mechanization
planning should be prepared by considering many parameters
including level of industries status, localization schemes of various
parts in different machines, demand of farmers, socio-economic
effects of mechanization, petroleum resources and climate change
impacts. Developed countries” agricultural mechanization models can
be one alternative and they are all depended on petroleum fuels.
Mow, Hme 15 changing to alfernative energy using era. Bangladesh
needs - different model utilizing - alternative energy for agricultural
mechanization programs.



CHAPTER IT

FARM MACHINERY RENTAL SYSTEM

Introdwction

Economy of Bangladesh depends heavily upon agricultuere, Human
labor is declining in farming sector due to shifting labor in non-farm
activity. Farm power availability reduces the drudgery and minimizes
the input cost. Moechanical intervention in crop production is very
miuch important o minimize labor shortage. The farmers are very
poor and land holding size is very small. Small land holding farmers
are often wunable to purchase the machinery and deprived of the
benefit of farm power use, Rental system or custom hire service of the
farm machinery is the best way to promote farm mechanization in the
cpuntry,

Custom hiring is a pepular method of gaining short-term control of
farm machinery. Custom services may be available from a neighbor, a
local dealer, or & business specializing in custom farming  that
performs all types of field operations. Custom hiring is particularly
advantageous for expensive machine and used only seasonally.
Modern machinery is stll not available to the farmers due to Jack of
capital and familiarity, Custom hire service will provide the farmers
tor use the machinery and thus input coat will be reduced. Complete
mechanization in rice production by custom hiring based on using
madern agricullural machinery is the ultimate goal of the business.
The high price and scarcity of labor in agricultural sector increased
the crop production cost. Trackor or power tiller, transplanfer, reaper
and thresher save the production cost and benefit service provider
and farmer. Hire service enterprise offers many opportunities for the
small holder farmers in rural areas bo diversify and increase income
sources. Small scale farmers can make their cultivation practice more
efficient by using hire service.

Evolution of farm machinery entrepreneurship

Government inifiated mechanical intervention in crop production
under the scheme of Mechanized Cultivation and Power Pomp
Irrigabionn (MCPPT) in 1950-51 by Agricoltural Directorate  and
distributed 2,238 power purips, 2000 tractors and 13,828 sprayers in
1960-65. International charitable crganizations also distributed 138
tractors and 569 power bllers to the cyclone affected areas in 1970
(Alam, 2014). Entrepreneurship as an essential part of farm
mechanization was started to develop in 1970 after the intreduction of
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irrigation: pump, power tiller and tractor. With the help of
government institution, entrepreneurs of mechanized irrigation stond
up and still acting throughout the country, Later on, 2-wheel tractor
(2ZWT) locally known as power filler was brought under
entrepreneurial investment. The 2WTs are offered for tillage service to
the neighboring farmers and in off-season wsed in transport by
attaching trofley, The d-wheel tractor (AWT) was introduced in 1950
but gained entrepreneurial attention in 199-2006 {Roy and Singh,
2008). At present, there are 60,000 tractors being used in tillage and
transport, Marginal farmers are getting tillage services via custom-
hire model. Use of rice transplanter in Bangladesh started back in
2020, Tt began with cight rice transplanter (both walking and ride on
type} procured by BRRI and 25 walking type rice transplanters
procured by DAE. At present, around 300 transplanter miachines are
available in the country {Islam, 201a).

The International Maize and Wheat Improvement Centre (CIMMYT)
introduced Chinese seeder in 1995, which is commenly known as
power tiller operated seeder (PTOS). This seeder  machine
aocomplished  four operations Te tlling, seeding, covering and
leveling in a single pass operation, Public and private organizations
are actively involved to improve and disseminate the seeder machines
to the end users and promote rental service of seeder machine
through local service provider, Afper 2000, service business on
thresher was widely spread all over the country. In some places, a
group of laborer purchased the thresher machine and made contract
with the farmers to harvest crops by sickle and thresh by thresher,

Livelihood change

Bangladesh involves a major portion of her manpower in
agriq‘.u]tursl operations in rural areas, Mechanical intervention in
agrncultural operations releases these laborers to upgrade their
profession as well as lifestyle. The high demand exists in off-Farm
operation Qe garments workers, shopkeepers. auto rickshaw
drivers, three-wheeler drivers, rural kelecommunication:and mobile
banking agents in urban areas. Mechanization not only displaces
the rural labor force but also creates an opportunity of new
professions  like operator, mechanic, machinery manufacturer,
workshop worker and retailer of spare parts,



Custom hire service

Rolle (2014) reported that custom hiring of agricultural machinery
recduces . drudgery, expand or intensify production, reduce post-
harvest and marketing costs and increase smallholder incomes. The
author also marked g:}nd business. plan, skilled labor and support
services to sustain the entorprise as success factors for quality and
competitive service delivery to meet market demand.

Justice and Biggs (2010) analyzed the rural transport hire service in
Mepal. He mentioned that more than 40% of the tractors were
equipped with locally-fabricated transport trailers, Those trailers were
used  for carrying harvested crops and earned extra income by
transporting agricultural and nen-agricultural goods in roral and
Pemobe areas,

Rental system in different countries

In southern and central [rag, farm machinery hire services were
commionly provided by the private sector solely by farmers on a
neighbor o neighbor basis and 51% farmers wsed their own
equipment and 49% received custom hire service for land preparation
and harvesting (Bishay, 2003}, In Kenya, public sector, NGOs and
private sector provided hire services in the two districts of Laikipia
and Makurw. Agricultural Machinery Serviees (AMS) under the
Ministry of Agriculture (MoA) offered mechanization services with
about 20 branches countrywide, including one in each of the two
districts. Smallholder farmers got little opportunity from AMS due to
limited capacity, onderstalfing and the ability of AMS to offer timely
services to their clientele.

Private entreprenedrs provided the hire service in land preparation,
planting, weeding and harvesting, [nsufficient support services, high
poverty levels and little awareness are the main constraints to promoge
hire service in the rural arcas (FAQ, 2006). In the 1990s, wheat was
threshed in the community threshing floor in the Nepalese terrain plains
region, Local large-scale landowner provided the rental service with
heavy spike-toothed thresher, The thresher machine was operated with 7
hp diesel engine, The theesher machines were extensively used in the
country and 5% of them were manufactured lecally, The number of
thresher machines increased from 79000 in 1997 to owver 90,000 in 2000,
The increasing use of threshers demanded the higher capacity of mobile
thresher ([ustice and Biggs, 20000). Small-scale enterprises were actively
engaged in providing harvesting and  threshing services for rice and
wheat with hired combine harvesters to the small and medium size
landholders (hypically with 0.81ha) in the Gujranwala district of Punjabs
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province in Pakistan, One service provider, Mr Abdul Waheed owns a
small mechanical workshop in Rassool Magar and also run a small-scale
enterprize known as Wahweed Zarri Alant (Waheed Apr Equipments).
Heowned five Indian-made combine harvesters, which Te hired out {0
local farmers for harvesting rice and wheat. He provides his own
combine drivers to engsure that the machines are correctly adjusted and
operated and charges US3IS 10 USS2 per acre for rice; and US514 to
U518 for wheat harvesting, The rental charge varied according to crop
density, weod populations, expected  vields, ground conditions and
transport distance from Kassool MNagar, During the last Kharif season
[Dctober -November, 2010 about 50 acres of rice crop were harvested
and earned reasonable amount by this business (Sims ef af., 2001).

Organization for joint use of farm machinery

In Bangladesh, mechanized transplanting is now in rudimentary stage
and wvery few organizations have taken  imitiatives b0 expand
transplanting business by piloting different business model, Syngenta
offered service charge of Tk 1500 per ha for mechanical
transplanting of rice seedlings with an assurance to provide seed,
seedlings, mechanical transplanting  and  advisory support  for
successful crop production, BRE] provided machinery as well as
technical support to them for troable free operation of the
transplanter. The company could not get benefit as it incurred huge
cost in tray preparation, fray carrying to the nursery, nursery
management, seedlings carrying to the farmer’s field, high wage for
skilled operator and labor, transplanter rental charge, cost of fuel,
repair and maintenance and the company stopped the mechanical
transplanting business in 2015, Golden Barn Kingdom Pyt Lid {GBE)
offered service charge of Tk 12,350 per hectare for mechanical rice
seedlings transplanting, High rate of cost escalation was observed in
nursery management and seedlings transportation from nursery to
the farmers” field. The company incurted huge monetary loss in
commercial transplanting (Islam, 2016). ACI Motors Limited started
commercial use of mechanical transplanter in Rangpur district during
baro X016, The company transplanted the farmers” managed seedlings
using their transplanter and took rental charge of Tk 3,700 per
hectare. The company continued the transplanting business in 2017
SCASON,

ACI Motors Limited and The Metal (Pvt) Limited offered rental
service of combine harvester for harvesting rice and wheat. The
Answer Energy Bangladesh Limited purchased two tractors and four
combine harvesters in 2012 and provided rental service of farm



machinery to the farmersin Naogaon, Bogra, Joypurhat, Dinajpur,
Thakurgaon and Kishorganj districts. They offered rental charge for
tillage by tractor of Tk 280-300 per bighu (two passes) to complete dry
tillage only. Farmers themselves inundate the field, level and make
ready for transplanting. The rental charge of combine harvester
varied with type of crop and season. They offered rental charge of
combine harvester for harvesting wheat Tk 1,500 and bare rice Tk
1 A0 and e rice Tk 1,000 per bigha Transportation cost of large size
combine harvester seemed to them higher and fncurred huge
monetary loss to conduct this service. Local service provider named
Mr Awnwar, Birampur, Dinajpur alse provided rental service of
harvesting equipment to harvest wheat and paddy in different parts
of the country. He formed a promising and dedicated service beam to
operate, repair and maintain harvesting equipment. In 2014, alocal
NGO named SOJAG, Dhamrai, Dhakain association with BRRI
provided commercial service of head feed combine harvester for
harvesting rice in the farmers’ field under public private partnership
program. BRREI trained up bwo local operators to operate, repair and
maintenance of the combine harvester. After seeing the performance
of the combine harvester and business opportunity, SOJAG
purchased larger size of head feed combine harvester and operated
commercially in their locality to harvest paddy.

Mecessities of farm machinery rental system

Farmers faced acute labor shortage during transplanting and
harvesting time.: Labor migrated from on-farm to off-farm job due to
attractiveness of job and created vacuum in rural labor forces, Labor
price also éxceeds the normal charge during peak transplanting and
harvesting period. Moreover, agricultural achviby is not attractive to
the: rural youth. Therefore, acute labor shortage compelled the
farmers to de].a:.r in I,'ranﬁplanriug arid ha,rveﬁh'ng ultimately incurring
yield penalty. Modernieation in agricaltural activity is urgently
needed to attract the rural youth, Before the introduction of tillage
equipment, animal hire service prevailed in the rural areas for tillage
operation. Meighboring farmers provided cattle to the farmers on
rental basis. Agricultural poods were carried by animal cart, human
head and shoulder,

At present, transportabtion  system has been changed to olley
powered by either power tiller or tractor due o change in road
condition, In haor (inundated by flash flood) and low lying areas,
farmers used boat to carry the harvested crops. Most of the peasants
are very poor and limited access to purchase the farm machinery.
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Rental system will provide them access 1o use the machinery in their
farming activities and facilitate the rapid expansion of mechanized
cultivation. Hire services énabling the farmers to get more time to
carry out additional farm and non-farm works. The objective of the
hire service is to foster farm mechanization by making easy access of
farm machinery to the small and medium holder farmers. Hire service
is an appropriate way to keep the operating cost of farm machine at
minimum level. It will also create a business venture for the rural
unemployed wouths. [E has been seen in the development of countries
emerging from the Soviet era in Europe and Asia that the quality of
road infrastructure has a marked influence on the demand for
investment in agricultural machinery (World Bank, 2009). Rural
infrastructure created-an opportunity to get access to the crop fields,
markets and increased the role of farm machinery in the transport of
products and inputs. With the advancement of information and
comimupication system, farmers got the updated information on crop
production technology and market price of the agricultural products
through mobile phone and internet system.

Mode of operation

Farmers in Bangladesh are heavily depended on hire, custom or
leasing  services for land  preparation, planting  intercultural
operations, harvesting, threshing. shelling and transportation {Table
1}. Some farm machines and technologies are used in research trial.
Seedlings  préeparation, transplanting,  weeding, harvesting  and
winnowing are done by hiring laborer. Entrepreneurs provided rental
service in land preparation and threshing, The local service providers
are mostly smallholder farmers within the village communites. On
the other hand, the service providers are those farmers who have
identified a potential for hiring services in their region and invested in
equipment for own use and hire services (FAG, 2002} Usually, the
service provider came from poor family and took as seasonal business
on farm machinery service except power tifler and tractor business,



Table'l Mode of operation of farm machinery in rice cultivation

Activily Method) Machine Misde of Source
operation; rental
syshiem
Seedlings Seedlings on Hiring laborer Mamum et al. 2013
preparation seedbed
Sl,-ﬁllingﬁ on bray Resiearch trial Islam et ol XM 6a
Tillage Tractor Custom hire FAD, 2012
Poweer tiller Custom hire Kalbir, 26
Leveling Manual tadder Ownership Miak and Haque.
2ms
Plaguipped ladder  Custom hire Miah and Haque,
ins
Tramsplanting  Hand transplanting  Hiring laborer Islaam et al. 20104
Transplamter Research trial / Lalamn ot af. 206a
Custom hire Iskam et al. 2015
Weeding Hand weeding Hiring laborer Islamn et . 2017a
Weeding by power Research trial Islamn et wl. 20178
weeder
Harvesting Spckle Hiring laksrer Iskamm et al, 2016
Reaper Reésearch tral [slaam ¢t al. 2 ba
Threshing Open drum thresher  Custombhire Islam et @, 20168
Close drum thresher  Custom hire Yasrnin, 2015

Winnewing Winnewing by kife  Hiring labarer Ripa, X9
Mivor winnower Research trinl Lslamn ot of, 20160

Existing rental charge of farm machinery

The service market of farm machinery is accelerating day by day.
Islam and Kabir (3017} evaluated the rental charge of farm machinery
through field survey in different parts of the countey o get
acquainted with the existing situation of farm machinery rental
service. A multistage sampling was applied in this study. The field
survey was conducted in 54 villages in 54 upazilas in 52 districts
under eight administrative divisions of Bangladesh. About 10-15 key
informant farmers was selected purposively for focus group
discussion (FGD) ko delineated with the existing situation of farm
machinery rental service. One FGIY was conducted in each village to
collect data on rental charge of farm machinery, labor cost of major
intercuitural operations of rice cultivation and farmers opinions about
using farm machinery and availability of labor for farming during
January-March X7 (Table 2). The data were summarized in crop
production stage wise and discussed in administrative division wise.

234
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Table 2Za Survey areas under Barisal division

Dhistrict Upazila Union Village
Barguna Amtal Chawra Chalitabunia
Barizal Sadar Charamoddi Charamondei
Jhalokathi Sadar Kirtipasha Crposha
Patuakhali Galachipa Amkhola Basbonia
Pirgjpur Mazirpur Mazirpur Mativanga

Table 2b Survey areas under Chittagong division

Jnsriet | Apailn  wieb) e e N
Brahmanbaria Sadar Pourashavha Hatihata
Chandpur Sadar 9 no, ward Anathpur
Chittagong Mirersoral 2 Engol: Paschim

Emgoli
Comilla Chavddagram  Alkora Uttar Latimi
Feni Daganbhuiyan 2 no. Rajapur Paschim Jay

rArayanpur
Lakshmipur  Sadar 9 Chandraganj Shekhpur
Moakhah Sadar Pourashavha Maijds

Table 2¢ Survey areas under Dhaka division
Dhstrict Upazila Union Village
Dhaka Dohar Bilashpur Dwohar

uttarpara
Faridpur Bharga Sadar Hasemdia
Gazipur Sadar Shimultali Faokal
Gopalgang Kasiani Rajpat Paschim para
Copalgan] Muksedpur Tengrakhola Provakordi
Kishareganj Sadar Latifabad Mokshedpur
Madaripur Rajoir Bajitpur Bajitpur
Rajlari Kalo khali Sadar Goalia
Tangail Ghatail 3no, Jamuria Gungram
Tangail Dhanbari Dhanbart Jhopna




Table 2d Survey areas under Khulna division

District “Upazila Union Village
Bagerhat Fakirhat Fakirhat Pagla uttar para
Chuadanga Sadar Katulpur Boalia
Jessore Kotoali MNoapara Akal pachbaria
Jhenaidah Sailkupa Sailkupa Ehalkula
kKhulna Drumuria Baratia Kulbaria
Kushtia Khoksha Goppara Satpakhia
Magura Sadar Hajrapur Esha khada
Meherpur Gangni Matmura Akabpur
Satkhira Tala Zialanta Charibhanga
Table Ze Survey areas under Mymensingh division
[istrict Upazila Union Yillage
Mymnensingh Sadar Sirta Char Sirta
Sherpur MNakla Makla Makla Bazardi
Jamalpur Sorishabari Aauna Ponchashi
Helakopn__ Sadat, ool Sk
Table 2f Survey areas under Rangpur division
District Upazila Unien WVillage
Rangpur Sadar 15 ne. ward Ghaghotpara
Lalmonirhat Sadar Panchagram Haridev
Drimajpur Sadar Sadar Paschim Khudthar
para
Thakurgaon  Sadar 16 no. Nargun  Kismat Daulatpur
Panchgarh  Sadar 10 no. 14 ney. Gorinabari
Gorinabari
Gaibandha  Gobindaganj Kamardaha Dighelkandi
Kurigram Sadar Muogolbasha LUttar Maowabas
Table 2g Survey areas under Rajshahi division
Dhstrict Upasila Union WVillage
Bogra Sadar Fapore Karar
Chapainawabganj  Shibganj  Shibgang Shekhtola
Jovpurhat Sadar Bambyvu Hismi Bazar
Mangaon Sadar I no. Halain  Toruk
Natore Saufar 11 Kaforia Khandarpar
Pabna Bera Aminpur Fokirkandi
Rajshahi Paba # Horian Mohonpur
Sirajganj Ullapara  Hatikumrul  Choria chockpara
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Table 2h Survey areas under Sylhet division

District Upazila _ Union Village
Habigan; Sadar § no. Habiganj Khalpar
Moulavibazar  Sadar 1 nr. Armnorkona Draadpur
Sunamganj Sadar & no. Lakshmanjir Bahadurpur
Sylhet Sadar Khadimpara Kollya

Land preparation

In Barisal division, tillage was done by either tractor or power tiller in
the survey areas of all districts except Barguna and [halokathi districts
(Table 3a). Tractor owrer offered higher rental charge than power
tiller, The number of passes varied from two to three depending on
the soil type and meisture content during land preparation. Service
provider offered same rental charge to prepare land for rice, lentil and
wheat -cultivation, In Patuakhali district, rental charge for land
preparation either by tractor or power was higher than the other
districts in Barisal division.

Table 3a Kental charge of power tiller and tractor in tilling the land
in Barizal division

[istrict Crop Power tiller Tractor
Mo of Charge, No.of  Charge,
pass  Thbighe!  pass Tk bighe!

Barguna Rice, 3 00 - -
lentil

Barisal Rirce, P LT p Qo
lentil

Thalokathi  Rice 2z 700 - -

Patuakhali Rice 3 1000 3 L0

Pirajpur Rice, 2 800 2 B0

jute
Source: Field survey 2017
Mote: indicates eveling is complementary with tillage

Powaer tiller was widely used in land preparation in the survey areas
of Chittagong division {Table 3b). Tillage by tractor was also observed
in the survey areas of Comilla, Noakhali and Lakshmipur districts.
Oly two passes were required for rice land preparation. Irrespective
of power tiller and tractor, the rental charge varied from Th 650-850
per bigha, which was depended on the location and soil condition.



Land preparation was mostly done by power tiller in the survey areas
of Dhaka division {Table 3c). Land preparation by tractor was not
cbserved in the survey areas all districts except in Tangail district.
Service provider offered higher rental charge for land preparation due
to excessive demand of power tiller in the peak season (hor season).
Chmly two passes were needed to prepare the land for rice, jute and
wheat cultivation and service provider offered the rental charge of Tk
G00-F00 per bigha. The rental charge of power tiller variedin boro and
amur season. Land leveling charge was not included in the land
preparation. [Ewas mainly depended on the relationship between the
owner of the machine and farmers, Sometimes, farmets offered light
refreshment to the operator to do the extra work like land leveling,
Besides, farmers had to pay extra charge for leveling. The machinery
ownet offered rental charge of Tk 165 per bigha for leveling the land.
In Gazipur, Tangail and Dhaka districts, rental charge for land
preparation was higher due to inclusion of land leveling with tillage.
Machinery owner offered similar rental charge to prepare the land for
cultivation of rice, wheat, jute and lentil,

Table 3b Rental charge of power tiller and tractor in tilling the land
in Chittagong division

[Drstrict Power tiller Tractor
Mir, af prass Charge, Mo, of pass Charge,

ST . Tk Fighir? Th bigha

Comilla 2 a3 2 T

Bralimanbaria 2 B0 = =

Feni 2 R50 e

Chandpur 2 -] -

Chittagongs 2 &0 - =

Moakhali 2 850 2 A5

Lakshmipur 2 750 2 750

Source: Field survey 2017
Note: *indicates leveling is complementary with tillage
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Table 3c Rental charge of power tiller and tractor in tilling the land
in Dhaka division
Distract Crop Poweer filler Tractor
Mooof  Charge, Mo.of  Charge,
pass Tk bigiur! pass - Tk bigha!

Dhaka *Rige 3 30
Faridpur Rice, wheat, 2 00 - -
Jute
Ciazipur “Rice 3 1200 - -
Gopalganj Rice, jute, lentil 2z &0 - -
Kishoregan  Rice {horo) 3 630
Rice (anman) 2 500
Madaripur  Rice, jute, 2 &0 -
wheat
Rajbani Rice, jute; 2 00
wheat
Tangail e 3 900 2 650

Source: Freld survey 2017
Mote: “indicates leveling is complementary with tillage

Tillage by tractor was not observed in the survey areas of Jhenaidah,
Khulina, Kushtia, Magura and Meherpur districts (Table 3d). Power
hiller was extensively used in land preparation in Khulna division.
The number of passes varied from bwo to three and rental charge in
land preparation was depended on the type of crops to be grown due
to difference in number of passes. The rental rh.argﬂ of tillage by
power tiller was Tk 7F00-950 per bigha tor rice land preparation and Tk
600 per bigha for wheat and jute land preparation. In Jhenaidah
district, rental charge for jute and wheat land preparation was lower
than that of rice cultivation. In Bagerhat district, land leveling was
included with tillage operation and offered rental charge of Tk 950
per bigha. Land leveling was done by draft animal in Kushtia and
Ehulna districts. In Satkhira, Khulna and Bagerhat districts, vice was
cultivated in the gher fartificial pond for fish colture) area surrounded
by artificial canal where fish were culturec, Farmers faced difficulky
b meve farm machinery over the canal, In some places of Satkhira
district, cost of land preparabion by draft animal was Tk 1,200 {three
passes with leveling).



Table 3d Rental charge of power tiller and tractor in tilling the land
in Khulna division

- District Crop Powertiller  Tractor
Me.of  Charge, No.of  Charge,
pass  Thbigha'  pass Tk highat

Bagerhat *Rice 3 G50 3 950
Chuadanga  Rice, juke 3 B50 3 1,000
Jessore Rice, jute 2 o0 2 B0
Jhenaidah  Rice 3 e - -
Wheat 2 il - -
Jute - B0 . .
Khulna Rice 3 B50 - -
Kushtia Rice 3 S0 - -
Magura Rice 2 o0 - -
Meherpur  Rice 3 750 - -
Satkhira Rice 2 a0 - -

Sources Freld survey 2017

Mote: “indicates leveling is complementary with tillage

Tillage was preferably done by the tractor in the survey areas of
Mymensingh division (Table 3¢}, Limited number of tractors were
found in the survey areas. Land preparation cost was depended on
the number of passes to be required for particular land. Three to four
passes were required to prepare the land and number of passes
depended on the soil bype and moisture content of land, The rental
charze of tillage by tractor was vared from Tk 600-900 kigha! and
land leveling was ncluded in the tillage operation. Land leveling was
done by ladder and offered service charge of Tk 345 per bigha. In some
places, land preparation cost was fixed for all types of land in both the
seasons. The cost of land leveling depended on the relationship
between the machine owner and farmer. In the survey area of
Jamalpur district, land preparation was done by either power tiller or
tractor. Land preparation costs varied from tractor to power tifler due
to variation on the number of tillage passes, Tillage by power tiller
needed three passes whereas tractor needed two passes to prepare the
land in bore season. However, tractors were not available to support
all the farmers during peak period. In g season, rental charge of
power tiller was low compared to bere season because of only two
passeswere needed in land ‘preparation. Irrespective of tillage by
power tiller or tractor, land leveling charge was included in the rental
charges of Tand preparation,
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Table 3e Rental charge of power tiller and tractoy in tilling the land
in Mymensingh division

[Hstrict Crop Tower tiller Tractor
Mo. of Charge, Mo, of Charge,
pass Tk bigha! s Tk bigha!

amalpur Rice {kora) 3 500 3 200
Rice 2 Ll 2 GO0
(i)

*Mymensingh  Rice - - 3 bl

Metrakona Rice - - 3 00

Sherpur Rice = - 3 k]

Source: Field survey 2007

Mobe: *indicates leveling = complemantary with tillage; Ome Blgha equals 33 decinsal

Tractor and power tiller were extensively used in land preparation in
the survey areas of Raghahi division [Table 3f), Number of tillage
passes varied from bwo b four and renkal charge depended on the
number of passes. The rental charge in rice land preparation varied
from Th 1000-1,200 and Tk 700-1,200 per bigha For tractor and power
tiller, respectively. The wide range of variation was observed in the
rental charge of tillage which might be due to varation in soil
condition. The rental uﬁrge of tractor for tillage operation was higher
than that of power tiller due to deep tillage. Land leveling was treated
as separate work. Service providers were nof responsible to level the
land. Land leveling was done by the respective farmers in their own
management.

Table 3f Rental charge of power tiller and tractor in tilling the land
in Hajshahi division

Power tiller Tracter
MHatrict Croj Mo, Charge. Mool Charge,
of  Thbigha!  pass.  Thbigha!
pass
Bogra Rice, potato a4 S0 3 1.000
Chapainawabgan)  Fiee 2 700 - -
Joypurhat Eice 2 LY z 1.200
Maogaon Rie, wheat 2 700 . -
Matore Kice, wheat 2 300 - -
Pabna Rice 2 LY z 14000
Rajshahi Rice 4 1,200 - -
_Sirajgani Rice - - .t S L | S

Mode: *imdecates leveling is complementary with tillage



Land was prepared by either power tiller or tractor in the northerm
districts of Bangladesh (Table 3g). Draft animal power was rare in
Rangpar district. Draft animal power was used in some felds where
it was difficult to access power tiller. In Thakurgaon district, tractor
was more preferable to the farmers than  powertiller in land
preparation as land sire was larger whereas in Dinajpur district, land
preparation was dominated by power tller: Farmers demanded
power biller rather tractor for tillage in small and fragmented land.
During potato calbvation, a large number of tractors from different
parts of the country entered into the Rangpur district to get good
profit from rental service, Trachor service business became successful
in potato dominating region due to demand of high speed rotary
tiller. Rental charge for power tiller and tractor in land preparation
depended on the number of passes, availability of machine in peak
period and locations. Rental charge of tractor was higher than the
power tiller doe to deep plowing and good pulverization. Servioe
providers were responsible only to tll the fand in the survey arcas of
Dinajpur, Thakurgaon, Lalmonirhat and Kurigram districes. Land
leveling and laddering was done by the farmers using the braditional
methods. In case of plowing by draft animal, land leveling was
included in the rental charge.

Table 3g Rental charge of power tiller and tractor in tilling the land
in Rangpur division

Diistrict Crop Ponarar tiller Tractor
M, of Charge, Mk, of Charge,
pass Tk Figha* pass Ik bighirt
Rangpur *Rice 3 B0 3 1,000
“Wheat 3 &7 3 100
*Patato 4 CHX) 4 1,350
Caibandba “Rice 4 1,060 3 1,100
*Potato 4 1,000 3 1,100
Thakurgaon  Rice - 3 SHI0
Crinajpur i 4 B - -
Wheat . ) - -
Lalmonichut  Rice ] 11,00 A 1,003
Wheat ] 00 2 00
Jute 4 700 2 700
Kurigram Rire 4 1,200 4 1001
Wheat 4 B 2 B}
Jute i B 2 R
*Maize 4 1,100 2 11008
Panchgarh *Rice 4 1,100 - -

Source: Field survey 2017
Mode: *imdicates leveling is complementary with tillage
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Tillage by tractor was not observed in the survey areas of Svlhet
division (Table 1.5h). Only two passes wene needed to prepare the
land for rice cultivation. The rental charge for tillage by power tiller
was varied rom Tk 600650 per bigha.

Table 3h Rental charge of power tiller and tractor in tilling the land

in Sylhet division
District Power tifler Tractor

N of Charge, M of Charge,

pass  Tkhigha!  pass Tk bigha'
Habiganj 2 B30 . -
Moulavibazar 2 A5 - -
Sunamgani 2 0 - -
Sylhet 2 B0 . -

Source: Field survey 2017

Animal hire service was rarely available in the roral areas for hillage
operation. Land preparation was done by either power tiller or
tractor. The power tiller was widely used in fillage operation in the
survey areas of all the eight adoinistrative divisions. Rental charge
varied location b location, area coverage, soll type, number of passes,
type of tillage (dry or puddling), type of crops to be grown. Farmers
preferred power tiller rather than tractor for tillage operation in small
land due to ease of turning, Potato cultivation reguired fine tilth of
soil and farmers preferred tractor instead of power tiller for good
pulverization of soil. Entreprenenrs got more profit from potato land
preparation. Most of the ptaces, land leveling was not included in the
tillage operation. Service providers were nol responsible Lo level the
land after tillage.



Business constraint

Frequent breakdown happens in tractor and power Hller
during tillage operation

Operators do not have the professional training on the
operation, repair and maintenance of the tractor and power
tiller

Mechanics are not readilv available nearer to the field

In case of breakdown, mechanics offer higher service charge
Spare-parts are not readily available neaver to the field
Orperators do not care the proper maintenance of the power
tiller and tractor

Land preparation depended on the supply of irrigation water
and also on the wish of the pump owner

Small and fragmented land consumes more fuel and time
Service providers do not get geed quality fuel and ol in the
local market

Plot to plot movement time is higher due to dispersion of plots
Service providers face difficulty 1o collectthe rental charge
from the farmers

Dishonest operators do not report the actual area coverage to
the entrepreneur

Some farmers hide the actual land area to reduce the rental
charge.

Business opportunily

Power tiller and tractor have the opportunity to use in
multipurpose. In off season, entrepreneur can earn extra
income from operabing trofley, human huller and  mobile
huller

Power tiller and tractor can be operated it 365 days a year
(day and night operation)

Comparatively low investment is needed to purchase the
power tiller than tractor due to cheap price

Power tiller demand is high in small and fragmented land,
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Photo 1a Tillage by bullock

Photo 1b Tillage by power tiller

Phota'Le Tillage by tractor Photor Td Lacddering by bullock

Tramsplanting

In Barisal division, bransplanting of rice seedlings was done on
contract basis and payment was made in cash (Table 4a). Laborers
uprooted the seedlings from seedbed and transplanted in the main
field manually. Three to five laborers were recorded to involve in the
transplanting of one bigha land. The labor wage rate varied from Tk
300-500 per man-day. Labor wage rate was the highest in  Patuakhali
district than the other districts in Bansal division. Farmers depended
on the migrated labor in transplanting awan rice. Labor price was
higher in aman than bovo season, Most of the lands were kept fallow in
boro seasen: Flots were inundated by tidal surge.



Table 4a Labor cost of manual rice transplantingin Barisal division

District Laboer,  Wages, Labor cost,
man-day bigha' Tk man-dayt Tk bigha!
Barguna 3 500 1,500
Barisal 5 410 2000
Jhalokathi 4 500 2000
Patuakhali 5 k] 2,500
Pirojpur 5 ) 1,500

Source: Field survey 2017

Farmers faced acute labor crisis during transplanting in the survey areas
of Chittagong division (Table 4b). The most commaon reasons of labor
cTisis were to migration in abroad, shiffing to garments and industries.
Laborer offered  higher wage rate due to labor crisis in peak
transplanting time, Labor wage mte varied from Tk 450500 per bigha.
Farmers deperded on the migrated labor to transplant rice seedlings. In
peak time, labor came from the northern district 0 mitigate the labor
crisie. In the survey areas of Chittageng and Comilla districts, lands were
kept fallow in boro zeason. In Chandpur and Feni districts, lands were
kept fallow in aran season due to inundation by fload,

Table 4b. Labor cost of manual rice transplantingin Chittagong

division
Dastiict Labor, Wages, Labor cost,
man-day bighat Tk man-dayt T bigh!
Comilla 5 450 2400
Brahmanbaria 4 S0 2,000
Feni 5 450 2,250
Chandpur ] 430 2250
Chittagong 4 SO0 20001
Moakhali 4 500 2008
Lakshmipur 4 450 1,500

Source: Feld survey 2007

Table 4¢ showed that four to five laborers were required to transplant
seedlings manually in the survey areas of Dhaka division. Farmers
depended on the migrated labor to transplant rice seediings. Labor
wage rate varied from one place to another. The laborer fransplamt
rice seedlings on contract basis in the survey areas of Kishoreganj and
Tangail districts. Farmers maintained line to line spacing after every
eight and six rows by using rope in the survey areas of Kishoreganj
and Tangail districts. Farmers expressed that laborers were not
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available during transplanting period. During anumn season, farmers
usually transplanted twenty-five to 30-day-old seedlings. However,
40-45-day-old seedlings were transplanted in low land. It was mainly
depended on the availability of water in their field. Transplanting cost
in gman season was low compared to bore season. During  amman
season, line to line spacing was almost double and seedlings density
was low, As a result, less labor was required, which minimized the
ransplanting cost. In the survey area of Gopalgan], Madaripur,
Faridpur and Rajbari districts, farmers broadcast rice seed on the
upland jute field or after remeval of flood water from the jute field.

Table 4c Labor cost of manual rice transplanting in Dhaka division

Dristrict Season Labaor, Wage, Labor
man-day bighs! Tk man-day? cost,
Tk tagha

Dhaka Borg ] HK) 2,000
Faridpur Bara E 400 2,000
Gazipur Baro ] 400 2,000
Gopalganj B 3 40 2,000
Kishoreganj Boro Contract - 2,000
Awnan Conltract - 1500

Madaripur  Boro 4 450 1.800
Rajbari Borg 4 450 1,600
Tangail B Contract . 2,000
Amian Comtract - 1,500

Source: Field survey 2017

In the survey areas of Khulna division, transplanting cost varied from
Tk-1.250 tor 2000 per Fghs due to variation of wage rate (Table 4d).
Labor wage rate varied from Tk 250-400 per man-day, Farmers
depended on the migrated fabor to transplant rice seedlings in the
survey area of Jessore, Meherpur and Chueadanga districts. However,
local labor transplanted  rice seedlings. in Kushtia and Magum
districts,



Table 4d: Labor cost of manual rice transplantingin Khulna

division
District Latbor, Wages, Labor cost,
man-day bighe! Tk man-day-! Tk bighat
Bagerhat 4 500 2,000
Chuadanga 4 350 1,400
Jessore 4 as0 1,400
Thenaidah 5 4400 2,000
Khulna 4 400 1600
Kushtia 5 300 1,500
Magura 4 400 100
Meherpur 5 250 1.250
Satkhira 4 350 1,200

Source: Freld survey 2007

In Mymensingh division, rice seedlings were transplanted manually
on contract basis by a laborer group consisted of 20-25 members and
pavment was made on cash. The leader of the laborer group managged
the: tokal laborers required it transplanting operation. Farmners were
fully depended on the laborer group. Without this group, there were
no daily laborers available b perform the transplanting achivity in the
suevey areas of Mymensingh division, The group leader fixed the
wage rate for transplanting with the consultation of other group
members and proposed the demand to the farm owners. By tradition,
farmers were bound to transplant seedlings by those group laborers.
Without this (radition, the land owner had nothing to do
Transplanting cost depended on the availability of labor in the market
and wage rate. Labor crisis created an unusual situation and because
of that it was hard to manage transplanting. Sometimes, farmers hired
labarers by providing three meals with other extra facilities. Laborers
could not maintain any proper line to line spacing. Transplanting cost
was the lowest in annan season as compared to baro season (Table de).
Farmers faced acute labor crisis in the peak time of transplanting due
to shortage of laborers. Farmers in Metrakona district maintained the
proper line 1o line spacing during transplantig to operate weeder,
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Table 4e Contractual labor cost of manual rice ansplanting in
Mymensingh division

Dhistrict Season Labor cost, Tk bighar!
Jamalpur Born 2000
Mymensingh Boro 2,000

Awmn 1,600
Metrakona Boro 2000
Aman 1.500
Sherpur Hary 2400
A 1,500

Souree: Freld survey 2007

In the survey areas of Rajshahi division, labor charge Ffor
transplanting was high and labor crisis was acute due to migration
off-farm laborer to other occupations especially in Joypurhat, Rajshahi
and Sirajgani districts (Table 4f). It was observed that farm laborers
were  decreased due to inerease in educational fevel. Young
generations do not prefer to be involved in agricultural activity asit is
drudgery based and less attractive (o the vural vouth, In the survey
area of Rajshahi, Chapainawabganj, Mabna and Sirajgarg districts,
farmers depended on the migrated labor in transplanting rice
seedlings. Howewver, in MNatore and Joypurhat  districts, farmers
depended on the migrated labor in ot season, In Naogaon district,
farmers fully depended on the migrated labor to transplant rice in
both the seasons. Labor wage rate varied in different places and
seasons. Labor wage rate varied from Tk 250-400 per day. Labor wage
rate was Telatively cheap in Chapainawabganj district due to soil was
soft after irrigation. Farmers in the Chapainawabganj and Rajshahi
districts ave gradually shifting their rice lands o mango cultivation
due bo more profit and less labor management.

Table 4f Labor cost of manual rice fransplanting in Hajshahi division

District Labor, Wages, Lahor cost,
man-day bigha! Tk man-day? Tk kigha?
Bogra i 300 1,200
Chapainawabgan] ) 250 1,250
Joypurhat 4 400 160
MNaogaon 4 400 1,600
Matore 5 300 1.500
Pabina 4 00 1,200
Rajshahi 4 4] 1,600
Sirajgan) 4 400 1600

Source; Freld survey 2017



In the survey areas of Rangpur division, transplanting works were
done cither on contract or daily basis (Table 4g). Labor wage mate
varied from one location te another. In Rangpur district, rice seedlings
were transplanted in line, Both contractual and daily labovers were
available in ransplanting purpose. In Rangpur division, tribal
communities were engageci in transplanting activity and the labor
wage rate was cheap in case of women labor. Labor wage rate for
male and female was Tk 300-400 and 200-250 per day, respectively. In
horo season, labor wage rate radsed to Th 500 per d,a\-' for male and Tk
300 per day for female worker. Labor wage rate for the female was
always lower than the male worker for the same work, In case of
contract system, labor charge for seedlings uprooting to transplanting
varied from Tk 825-1,000 per bighs whereas the labor cost ondaily
basis varied from Tk 1,200 to 1,280 per bigha, Labor cost depended on
the nature of transplanting i.e. line or haphazard transplanting. Line
transplanting required more labor than haphazard transplanting.

Table 4g Labor cost of manual rice transplantingin Rangpur

division

District Labor, Wages, Labor cost,
man-day trigha! Tk man-day-? Tk tnghar?

Dinajpur 4 azn 1,280
Caibandha - Contract i
Fourigram 4 300 1,200
Lalmonirhat 4 300 1,20
Panchgarh 4 300 1,200
Rangpur - Contract B25-900
Thakurgaon - Comtract 1,004

Source: Field survey 2017

In the survey areas of Svihet division, labor wage rate varied from Th
350400 per man-day. Labor wage rate was observed cheap in the
survey area of Habiganj district during transplanting time, Soil
compactness was less in this region and easy to ransplant rice in the
field. The cost of transplanting varied from Tk 1400-1,600 per bigha.
Labor crisis was observed acute in Sylhet district due to migration of
manpower to other districts and labor wage rabe increased to TK 400
per man-day. In the survey area of Moulavibazar and Svlhet districts,
farmers depended on the migrated labor to fransplant seedlings in
it season. The cultivable fand for rice was partially available in this
region and labor charge was not expensive. Moreover, women labor
wias readily available at cheapest wage rate, In Sunamganj district,
farmers depended on the migrated labor in both scasons. Howewver,
transplanting was done by local labor in the survey area of Habiganj

district.
50
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Table 4h Labor cost of manwal rice transplanting in Sylhet division

[Hstrict Labor, Wage, Labor cost,
mian-day bigha!  TK man-day- Tk bighr?
Habigan; 4 El 1,600
Moulavibazar 4 350 1.400
Sunanganj 4 il 1400
Sylhet 4 40 1,600

Source: Freld survey 2007

In shert, transplanting was one of the major activities in rice
production. Transplanting was doene by using hand and payment was
made on contract or daily basis. Labor crisis occurred during peak
time of transplanting. Labor wage went high and consequently
increased the transplanting cost. Labor charge included uprooting of
soedling, washing, carrying to the main field and transplanting. Older
aged seedlings were transplanted in all the rice seasons, Labor charge
in transplanting depended on the availability of labor and varied in
locatiom to location. Laborers were not habituated to transplant
geedlings in line. In some places, farmers preferred to transplant rice
seedlings in line to facilitabe intercultural operation. Labor cost
depended on the nature of transplanting e, line or haphazard
transplanting. Line transplanting required more labor than haphazard
transplanting,

Mechanical transplanting

Mechanical rice transplanting is gaining attraction to the Bangladishi
farmers. Almost 0 mechanical transplanters are available in the
country (Islam ef af., 206}, Those transplanters are mostly used in
demonstration purpose to create awareness among the farmers about
the benefit of mechanized transplanting.  Mechanical  rice
transplanting service was not yet been developed, Public and private
orgatizations are trving to develop local entrepreneur o provide
mechanical transplanting service to the farmers. Syngenta offered
service charge of Tk 15000 per hectare (inchuding seedlings, gap
Hlling, transplanting, herbicide and advisory). The Golden Barn
Kingdony offered rental charge of Tk 12,350 per hectare (including
seedlings, mechanical transplanting, advisory support) for the
farmers and Tk 135300 per hectare (seeds supplied by BADC,
transplanting and advisory support) for BADC seed production. Both,
Syngenta and GBK reported that cost was escalated in seedling
sTalsing, nursery management and seedlings carrving from nursery to
fiefd. In Rangpur district, ACl Motors started the service business of



transplanter where local farmers were being provided the
transplanting service at a lower rate than traditional practice in 2016
ACT Motors Limited has taken strategy o make the mechanical rice
seedlivigs transplanting service viable. Farmers were trained on
seedling raising technique. The company used the rice seedlings
management by the respective farmers and offered rental charge of
Tk 3700 per hectare for the operation cost of mechanical rice
transplanter. Local entrepreneur was not vet been developed to
provide rental service of mechanical rice transplanting,

Business constraint

¢ The mechanical rice transplanter has the opportunity to use
only in rice season {maxirmum 45 davs per year)

»  The purchase price of the transplanter isvery high

=  The payvback period of the transplanter is extended due to
seasonal use

= Entrepreneurs are unable to pay installment in off-season

»  Skilled operater and mechanics are needed to operabe, repair
and maintenance of the transplanter

s Mechanical rce transplanter needs mat type seedlings

+ Farmers are not habituated to use tender age seedlings

s Tramsplanter moevement from ong plot to another is difficult
due to lack of farm road

¢ Exress water in the land hinders the movement of transplantor

»  Transplanting schedule could not be maintained properly due
to defay in land preparation

s Irregular shape of plot causes inability to operate transplanter

¢ Machine performance depends on the seedlings density,
seedlings  heightl, uniformity of seedlings and  seedlings
density adjustment

»  Small and fragmented land requires extra fuel, time and labor
in transplanting.

Business opportunity

v Seedlings raising service will be created in rural areas

» Field capacity of mechanical transplanting s wvery much
higher than the manual ransplanting

o  Mechanical transplanting ensures the faster operation and
minirnize the labor shortage during peak transplanting time

= Farmers prefer line transplanting due to ease in intercaltural
operation Mechanical transplanter maintains the proper line

transplanting
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s  Farmers can get higher grain yield due to wse of infant

seedlings.

a Seedlbivg upracting b Mlamieal transplanting
Fhote 2 Traditional rice seedling transplanting

a Seedlings raised in tray

b Mechanical transplanting
Photo 3 Mechanical rice seedling transplanting

Seeding

Table 5 shows that seeder machinewas used for both seeding and
tilling purposes in the survey areas of Bangladesh. Local service
provider has already been developed in some parts of the country
especially  Jessore, Rajbard, Magura, Chuadanga, Rajshahi and
Thakurgaon districts o provide rental service of the seeder machine.
The seeder machine sowed paddy, wheat, maize, lent], mungbean,
blackgram, chickpea and jute seed. Fanmers in Rajbart district usually
purchased powertiller operated seeder (PTOS) machines for tilling
purpose only as it produces fine tilth (Photo 4). The entrepreneur
offered rental charge of seeder machine from Tk 1520 per decitnal.
Farmers preferred to prepare land by using high speed rotary tiller for
onion and garlic culbivation as it produced fine tilth, which was
prevequisite o establish onion and garlie. In case of using high speed



rotary tiller, machinery ownier offered the same rental charge. Table 5
also shows that two passes were required to prepare the land. In the
first step, operator tilled the land by using high speed rotary tiller,
broadeast fertifizer manually then tilfing and seeding was done by the
seeder machine. Normally, two passes tillage were required in garlic
and onion cultivation. Number of tillage passes depends on the soil
type, severity of weed and scil moisture content. Farmers reported
that less labor was required to sow onion seed in fine tilth soils: In
sorme places, farmers broadeast seed and fertilizer in the open feld
then tilling was done by high speed rotary tiller, Farmers were asked
about the performance of seeder machine and replied that uniform
seed dispensing was not achieved and gap filling was required after
seeding, Operators were not well educated on the seed calibration
and operation of the seeder machine,

Farmers believed that deep tillage was. required to establish crops.
However, research findings revealed that seedlings emergence
appeared good under minimum tillage ({Islam, 2013). Seeding by
seeder ensured the timeliness, faster in operation and reduced  the
labor requirement in seeding: The business opporlunity of seeder
machine in seeding and tilling operations was increasing in non-rice
seeding. Different types of seed metering devices were available in
the market to sow different sizes of seeds. Farmers and operator
should be educated to calibrate, operate and repair the seeder
machine for successful adoption of the technology. BARI also
developed high speed rotary tiller, seeder and bed planter and usecd
as commercial purpose in farmers’ field (Photo 5. The service
provider offered rental charge of Tk 500 per bighi. Another model of
seeder machine named versatile multi-crop planter (VMFP) was
extensively propagated in different parts of the county with the
financial assistance of ACIAR (Photo 6). YMP has the low field
capacity compared bo PTOS as the width of operation was half of the
PTOS, On the other hand, YMFP has an advantage of forming bed.
strip and zero tillage. There was a market potential of seeding service
by using seeder machine, Most of the seeder machines are basically
used to seed non-rice crops.
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Table 5 Rental chiarge of high speed rotatilling and seeder machine

District Operation  MNo. Rental Remarks
of charge
pass Tk bigha!
Rajbari High speed 1 515 Broadcast fertilizer and
ratatilling seeds of garlic, onion,
wheat, munghean,
vegetable then tilling
Highspeed 2 00 Broadcast fertilizer and
rotatilling seeds of garlic, onien,

wheat, munghean,
vegetable then tilling

Barisal Tilling and 1 825 Lentil and wheat seed
seeding
Tillingand 2 1400 First filling only then
seeding seeding lentil and

wheat seed and tilling
Jessore Tillingand 1 400-500  Wheat, lentil and jute

seeding seed
Highspeed 1 -
rotatilling
Kushtia High speed 1 ] -
rotatilling
High speed 1 1200 -
rotatilling
Rajshalu Tilling and 1 400-500  Maize, lentl,
seeding mungbean, jute and
wheat seed
High speed 1 Vepetable seed
ratatilling
jhenaidah  Seeding 1 Six] Rice, wheat, maize,
mustard and
_____ munghbean seed

Source: Field survey 2017



Photo 4 Power tiller operated sceder

Photo 5 BARL high speed rotary
(PTOS) for seeding jute seed tiller

a Strip tillage b Bed planting
Phodar & VMP for strip tillage and bed planting

Business constraint

Seeder machine equipped with flute type seed meter needs
proper calibration for different seed sizes. Plate tvpe seed meter
can minimize the fime required to calibrate the seeder machine
Operators should be edecated to calibrate the seed machine for
different seed sizes

Operators should be aware to operate seeder machine having
optimuom moeisture content of the soil

The seeder machines are unable to move in the excessive welt soil
Uniformity .of seed dispensing could not be achieved due o
vibration of the seeder machine’

Frequent tuming events happened in small size of plots and
seed loss eocurmed during turming

Cperators should avoid excessive dry land. The tillage tine is
prone to breakage in excessive dry soil,
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Business apportunity

= Four operations Le: tillage, seeding, covering and leveling can be
done by the same machine in single pass operation

» Strip, bed and zero tillage can be done by the same seeder
machine

= Flute and inclined plate seeder can dispense different sizes of seed

= Hill dispensing can be ensured by using plate type seed
metering device which ultimately minimize the seed rate.

Urea application

Urea Fertilizer was broadcast manually in the rice field in three equal
splits. Fertilizer application cost was ranged from Tk 80-100 per Braha.
Fertilizer application cost was not considered by the farmers as they
applied themselves by hand, Normally, farmer himself took a bowl
with wrea fertilizer, went to the field, broadcast the fertilizer and
returned to home. Most of the farmers mixed the granular pesticide
with fertilizer and broadcast to the field. BRRI and BART urea super
granule (USG) applicator and BREREIl prilled wrea applicator were
developed for deep placement of urea ferbilizer. These machines were
extensively tested. validated and used in the farmers’ field and saved
29-30% urea fertilizer without sacrificing grain yield, The applicators
are used i limited scale due to inherent constraint such as line
sowing of seedlings, soil should be soft to move the applicator and
maintain 2-3 cm height of standing water during operation of the
applicator. Rental system was not vet been developed on the
opetation applicater. Some Farmers used the applicators by borrowing
from the neighboring farmers or research institute, One fanmer in
Dohar, Dhaka used BERL prilled urea applicator in his six hectare of
rice field in bore 2017, He borrowed the machine from BRRL



a Hand l'u'mljcmtmg of urea fcrn!lﬂ:fr b Hand placement of LISC

c I:S[-*IIE! pnlln:.d urea appiwz'llur d BRRI USG applicator
Phiota 7 Urea fertilizer application method

Weeding

Weeding cost was the highest in Barguna district than the other
districts in Barisal division ({Table fa). Weed infestation was severe in
Barguna district than other districts of the division and weed cost was
escalated due to requirement of more labor, Twe times of hand
weeding were required in borg rice cultivation.

Table ba Labor cost of manual weeding in bore rice cultivation in
Earisal division

District Labor cost, Tk bighs?

15 weeding 2rd weeding Total
Barguna 1,500 1.000 2,500
Barisal 1400 700 2,100
Jhalokathi 1400 HOO 2,200
Patuakhali 1400 00 2,000
Mirojpur 1,200 BOD 2000

Source: Freld survey 207
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Weeding was done manually in the survey areas of Chittagong
division [Table 6b). Weeding cost depended on the severity of weed
infestation and varted from Tk LO000T500 per bicha for the 1=
weeding, Second hand weeding was needed for complete removal of
weeds, Weeding cost was observed less in second weeding compared
to first weeding due to less weed infestabion. Labor crisis was
obsetved acute in weeding period ‘in this division. In Lakshmipur
district, third weeding was required in case of severity of weed
infestation in rice feld.

Table 6b Labor cost ofmanwal weeding in rice cultivation in

Chittagong division

District Labor cost, Tk bigha?

1= weeding I weeding Taotal
Comilla 1,500 a0 2,400
Brahmanbaria 1,000 70 1,700
Feni 1,200 500 1,700
Chandpur 1,500 0 2,300
Chittagong 1300 00 2,200
MNoaklali 1,250 Ba0 2,100
Lakshmipur 1400 1000 2400

Source: Field survey 2017

Weeding was done by traditional method (by hand) in the survey
areas of Dhaka division (Table 6¢). The cost of weeding in rice
cultivation was depended on the severity of weed infestation,
weeding regime and weed control method. The weeding cost varied
widely (Tk 1,500-2400 per bigha) depending on the weed infestation.
Farmers were refuctant to work in low land for controfling weeds.
The farmers in the survey area of Rajbari district did not use
weedicide in their dee feld. Weeding cost by manual labor was
observed the highest in Rajbari district. In Tangail disteict, farmers
were largely depended on the use of weedicide to control weeds. In
this region, more than 70% farimers applied weedicide to control weed
in rice land. Weed infestation was not severe due to application of
weedicide. In some cases, additional one hand weeding was required
to control weeds in rice field. Some farmers opined that after
application of weedicide, extra one hand weeding was not needed to
control weed.



Table fic Labot cost of manual weeding in rice cultivation in [¥haka division

Dristrict Crop Labor cost, Tk tigha!
Dhaka Rice 2400
Faridpur Rice 1,800
Gopalganj Rire 1.500-2, 400
Kishoregan) Rice {Borg) 1,600

Rice {Aman) 1,000
Madaripur Rice 1,600
Rajbari Rice 2,000
Tangail Rice {Borg) 500 {weedicide)

Source: Freld survey 2017

Table &d showed the cost of hand weeding in rice field in the survey
areas of Khulna division. Weedicide was not applied in the rice field
to contrel weeds. Weeding was done manually and two times hand
weeding were required to remove weeds In the rice field. The cost of
weeding varied from Tk 1,200-1,75{0 per bigha in the 15t weeding and
Tk 500 to 1050 per kigha in the Ind weeding: Third hand weeding
wirs net observed In the survey areas of Khulna division. Farmers
reported that they did not use weeder miaching in their rice field. Line
sowing was rarely observed in the rice field: Farmers did not want to
maintain the line transplanting as it required higher labor than
haphazard ransplanting,

Table 6d Labor cost of manual weeding in rice cultivation in
Khulna division

Dhstrict Labor cost, Tk bigha
. : 1 weeding 2~ weeding Total

Bagerhat 1.200 - 1200
Chuadanga 1,750 1,050 2,800
Jessore 1,500 GOHD 2400
Jhenaidah 1600 B0 2400
Khulna 1,200 - 1,200
Kaushtia 1,50K] G 200k
Magura 1.200 00 1,800
Meherpur 1,004 500 1500
Satkhira 1,10K) GO0 2000

Source: Field survey 2007

In Mymensingh division, weed infestation was niot severe due to
application of weedicide (Table feg). Weeding was done manually by
hand once at 50-55 days after transplanting. After that no weeding
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operation was réguired upto harvest. In Sherpur district, farmers used
30-45 cm long weeder machine to contrel weeds. The weeder was
made of wood and blade. The price of each weeder was Tk 50 and
manufactured locally. Farmers showed the satisfaction about the
performance of weeder. Farmers expressed that one hand weeding
was not required after weeding by weeder machine. This weeder was
widely used in amuin season. In the survey areas of Netrakona district,
weeding operation was also done by weeder machine. It was similar
to BRRI weeder and manufactured locally. The cost of each weeder
was Th 600-700. Majority of the farmers owned almost one weeder.
Farmers borrowed addibional weeders from the neighboring farmers
when more than one weeeder was needed to contral weed in rice
Fields, Farmers opined thatsoil was well pulverized during operation
of weeder and weeds were uprooted successfully. After weeding, the
uprooted weeds were cleaned by hand. As a result, weedswere not
grown repeatedly. Frequency of weeding depended on the nature of
weed infestation. In Jamalpur district, farmers were interested in
applying weedicide to control weeds. They did not have idea about
the adverse effecks of weedicide application. Farmers applied
weedicide to reduce the cost.of weeding,. Labor charge was very high
in their areas. After application of weedicide, only one labor was
enough bo uproot weeds from one Bigha fand. Additional ome hand
weeding was not needed in aman season.

Table e Labor cost' of manwal weeding in rice cultivation in
Mymensingh division

District Crop (Season) MNumber of weeding  Labor cost,

Tk By
Jamalpur Rice (fore) 1 SlH)
Mymensingh — Rice (bore, amean) 1 4]
Metrakona Rice (trora) 1 G
Rice (aman) 1 HH)
_Sherpur Rice {aman) 1 800

Table &f showed the cost of hand weeding in boro rice cultivation in
the survey areas of Rajshahi division. Mormally, two hand weedings
were. required to control weed in rice cultivation. In seme places,
three hand weedings were rarely required to control the weed.
Weeding. cost was more in first than secondhand weeding. The
weeding cost in rice cultivation varied from Tk 10001300 per bivta
in 1=hand weeding depending on the severity of weed infestation and

labar wage rate.



Table 6f Labor cost of manual weeding in bofe rice cultivation in
Rajshahi division

District Labor cost (Tk bigha-1)

First weeding Second weeding Total
Bogra 1,008 500 ' 1,500
Chapainawabgan] 1,100 GO0 1700
Joypurhat 1200 B 1800
Naogaon 1,100 500 1600
Matore 1,200 900 2100
Pabna 1204 ] 1,500
Rajshahi 1,300 FOC 2000
Sirajaanj 1,200 BOD 2,000

Source: Field survey 2017

Weedicide was extensively used in Rangpur division due to reduction
of weeding cost (Table 6g). Weeding cost was largely varied from Tk
S00-1,730 per igha due to severity of weed infestation and labor wage
rate. In the stadied area of Galbandha district, weeding cost was
observed Tk BOD per bigha due to use of weedicide, Labor wage rate
varied from Tk 200-400 per man-day during weeding period, The cost
of weedicide application was observied Tk 100-130 per bighs and
application of weedicide in rice field reduced the inkensity of labor. In
Kurigram and Rangpur districts, two hand weedings were generally
practiced and labor cost in. Kurigram district was high due to labor
shortage, Labor migration was the common scenario in Kurigram
district,

Table &g Labor cost of manual weeding in boro rice culbivation in
Rangpur division

District MNumber of Labor, Wages, Laber cost,
weeding man-days Tk man- Tk bigha
higha! day-!
Dinajpur 1 4 300 1,200
Gaibandha I 4 250 L0
Kurigram 2 & 250 1,504
Lalmonirhat 1 5 200 1000
Panchgarh I 3 400 1200
Rangpur 2 s 200 TA00
Thakurgaon 1 4 300 1,200

Sources Freld survey 2017
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Weeding was done by manual labor in Sythet division (Table 6g). Five
to seven laborers were needed to control weeds in one higha rice
fields. Labor wage rate varied Tk 350-400 man-day. Weeding cost
was varied widely from Tk 1,750-2800 per hight due to severity of
weed infestation and labor wage rate. Weedicide was ot used in the
survey areas of Svlhet division.

Table 6h Labor cost of manual weeding in rice eultivation in Sylhet

division
District Labor, Wages, Labaor cost, Tk
mian-day Tk man-day? bigha
highart
Habiganj 7 400 2500
Meulavibazar 7 330 245}
Sunamgan] 5 350 1,75(
Sylhet 400 25800

Source: Field survey 20017

Weeding was dome by manual fabor in most of the survey areas and
labor requirement deprmdvd on the severity of weed infestation,
weeding regime, frequency of weeding and application of weedicide.
Therefore, weeding cost shared the largest portion on the cost of crop
production. BERI, BARI and local manufacturers developed different
brpes of low land and upland weeder. The weed control efficiency
and field efficiency of thiose models were very high compared to hand
weeding, The prerequisite of the weeder operation was to transplant
seedlings in line to facilitate the movement of weeder. Weeder of
different makes and models were used in some areas in limited scale,
As the price of the weeder was low, weeder never used as rental
gystem. Farmers borrowed weeder from the neighboring farmers and
return them after weeding,

Weedicide application was gai.ning farmer’s attention due to low cost
and less Hme required to apply in the field. Farmers changed the
manual and mechanical weed control method o weedicide
application. Thervefore, farmers should be educated o apply
weedicide at the right Hme and right dose to minimize the residual
effect and env'ir:_:unmemal hazard. As the weedicide market was
growing up rapidly, it was apparent that there was a little or np
opportuiuty b use weeder in farming operation. On top of that
environmental sustainability initiatives can make an opportunity to
use weeder.



¢ BERI weeder
Phodo 8 Weeding method

d BREI power weeder

Kmapsack sprayer

Enapsack sprayer was widely used to spray pesticide in the crop field
and the application cost varied from Tk 100-110 per bigha. Farmers
mixed the pesticide either powder or liguid form with fertilizer. In the
survey area of Kishoreganj district, usuaily farmers did not have own
spraver. In emergency situation; farmers hired sprayer from fertilizer
dealer shop-and paid rental charge of sprayer machine of Tk 20 for 2
to 3 hours of operation. In Mymensingh division, most of the farmers
have not owned knapeack spraver machine and they did not need to
buy sprayver. Knapsack spravers were available at the fertilizer
dealers’ shop in the survey areas of Jamalpur, Mymensingh,
Metrakona, Sherpur and Tangail districts,. In Jamalpur and Tangail
districts, fertilizer dealer provided the sprayer to the farmers with free
of cost who purchased fertilizer or pesticide from their shops. In
Sherpur and Netrakona districts, farmers hired sprayer from fertilizer
or pesticide dealer shop and paid machine rental charge of Tk 40-50
per day. Rangpur district was dominated by potate culbivation and
spraying was done by the sprayver machine. Knapsack spraver was
widely used in this division and available in farmer’s house. In seme

54
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cases, fertilizer dealer supplied sprayer to their customers who
purchased fertilizer or pesticide and received rental charge of sprayer
machine of Tk 20-30 per day. Knapsack spraver was widely vsed to
spray pesticide for the protection of pest and disease, Most of the
small holder farmers owned the sprayver due to cheap price. Sprayer
never used as rental systemn in the locality. Farmers borrowed sprayer
from the neighboting farmers and returned e the respective farmers
after completion of spraying. Farmer used sprayer without taking
safety mwasures. They should be educated to wear safety devices
during spraying operabion to protect themselves from hazardous
incidences, Hand spraver was widely used to spray horticuitural
crops. Power sprayer, power tiller and tractor mounted sprayer were
not obseried i the survey areas.

Business consirainis
. Proper maintenance is needed in the pump and noezle
' Water is not available nearer to crop field

" Orperator does not follow the safety regulation

. Rate of application largely depends on the operator,
Business apportunity

. The purchase price of the knapsack spraver is low

g Easy to operate the sprayer

. Low maintenance cost,

. a Herbicide application b Weedicide application
Photo 9 Spraying crops



Irrigation

Deep tube well (DTW) was more popular than 5TW and LLF: in
Rajshahi and Rangpur division. Water table was Iow in Rajshahi,
Bogra and Maogaon districts. Deep boring was required o install
DTW in those regions. BMDA was working to improve the irrigation
water supply in Rajshahi and Rangpur divisions. In the studied areas
of Jovpurhat and Pabna districts, the pump owner charged 25% of
paddy while harvesting. The cost of irrigation varied widely due to
several factor Le. tvpe of crops grown, water holding capacity of sodl,
weather condition, Government irrigation scheme and subsidy on
electricity were the major issues for the variation. BMDA irrigation
project provided smartcard among the farmers where water charge
was Tk 100 for one hour irvigation. In Bangpur district, the cost of
irrigation in government subsidized electric motor system was Th 30
per hour. In Sirajganj district, farmers paid Tk 1,000-1,500 per kg as
irrigation water charge to establish rice crops. Pump owner tried to
avoid the supply of irrigation water in sandy soil as water holding
capacity was very low,

Shallow tube well (STW) was the commeon source of irrigation in most
of the survey areas of all divisions, The pump owner supplied water
thromghout the crop ssason on rental basis. The mediem of exchange
wirs paddy instead of cash. Water charge varied in location to
location, Maost of the places, the pump owner received 25% of the
freshly harvested paddy. In some locations, pump owner preferred
cash payments as water charge. In the survey areas of fhenaidah
district, pump owner himself harvested 25% of the crop by his own
labur as water charge. In fhenatdah district, farmers supplied diesel
and pump owner received 25% of harvested crop as water charge. In
the survey areas of Khulna and Magura districts, pump owner
received 25% of the bundle of rice crops as water charge. In
Metrakona district, the pump owner of 5TW offered irrigation water
charge of Tk 1,650 per bigha in bore season, Farmers expressed that
they did not need any irrigation water from STW in aran season as
erops were grown on rainfed condition. Farmers divided  the plot
having larger in size by making artificial levees to hold water. In
Sherpur and Jamalpur districks, STWs were available in the survey
areas and machine ewners supplied iriigation water to the paddy
Field on contract basis. The water charge of shallow tube well in boro
season was oo high compared to other survey areas. Deep set 5TW
was observed in some areas of northern districts due to lowering

down the water table,
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In the survey areas of Barizal division, low lift and axial flow pumps
were mostly used to draw surface water from canal and supplied to
the crop field. Farmers in those regions waited for tide. to supply
irrigation water for land preparation. Farmers in Meherpur district
paid Tk 2,000 per bigha to the owner of low litt pump (LLF) as water
charge. In the survev areas of Sunamgan) district, LLF was used to
supply water to the rice field and paid water charge of Tk 1,000-1,500
per bigha. Irrigation water was supplied to the bero rice and farmers
relied on the rainfall to coltivate o rice.

Water charge varied with the irngation system as well as type of
crops grown Le. number of irrigation water requirement by different
crops. Farmers under the command area of DTW got the water with
lowest charge, In STW area, water charge depends on the share of
grain output, LLI® was mostly used in areas where surface waler was
available especially in the southern districts to draw water from canal.

Business constraint

s High investment is required to install DTW

»  Power interruption hamper the electricity operated irrigation
system and unable to maintain the conbinuity of irrigation
water supply to the crop field

«  Pump owners face scarcity of quality diesel fuel in the local
market

»  Fregquent breakdown occurs in diesel engine operated pump

s Private pump owner do nof follow the regulation in the tube
well set up

= Water conveyance loss is high in open and earthen channel
due to inefficient water conveyance system

»  Water charge may be' on cash or share of the grain yield,
sometimes pump owner face difficulty to collect pavment
from the farmet.

»  Strong monttoring is needed to distibuote water fo the farget field

s Recovery of water charge 15 often difficult if natural disaster
damage crop

= Water table goes down in dry season, consequently reduce the
water discharge and increase the energy cost.

Business opportunity

= Government provides subsidy on the electvicity and fuel for
operating irfgation pump

#  Low investment is required to install 5TW and LLFP



s Easy to repair and maintenance of STW and LLP. Spare parts
are locally available

»  Benefit cost ratio is high in 5TW and LLP

«  During off-season, prime mover can be used in other income
generating purpoe

s  Rain makes the irrigation project beneficial to the pump
ownetfservice provider

o Loaw Lift pannp
Phgta 10 Trogation purmgs

Haroesting

In the survey arveas of Barisal division, harvesting cost by using sickle
was ranged from Tk 1,500-2,000 per bigha (Table 7a). The cost of
harvesting rice was the highest in Patuakhali district due to shortage
of labor. Labor wage rale was observed Tk 500 per man-day in peak
period of harvesting. The cost of harvesting was also depended on the
distance of crop field from the farmer’s premises.



Farne i hivsery. ténlal Svshens

Table 7a Labor cost of manual harvesting of rice in Barisal division

District Labor cost, Tk bigha!
Barguna 2,000
Barizal T.600
Phalakathi 1500
Patuakhali 1600
Pirojpur 1800

Source: Fiald survey 2017

In Chittagong division, labor charge for harvesting rice was the
highest in Chittagong, Comilla and Noakhali districts. Labor scarcity
happened at the time of harvesting due to migration of farm labor to
other off-farm jobs, Similar problem was alse existed in Chittagv:lng
and Moakhali districts. In the survey areas of Comilla district, labor
charge for harvesting rice was offered Tk 2,200 per bigha whereas only
Tk1,500 per bigha was offered in Feni district.

Table 7b Labor cost of mamual harvesting of rice in Chittagong division

District Labor cost, Tk bigha!
Comilla 2,200
Brahmanharia 2,040
Feni 1,500
Chandpur 1,700
Chittagong 2,200
Moakhali 2,200
_Lakshmipur = 1650

Source: Field survey 2017

In Dhaka division, labor wage rate du ring peak period of harvesting
ranged from Tk 400-500 per man-day in the survey area of Faridpur
district (Table 7c). The labor wages depended on the mode of contract,
water depth in rice land and weather condition. During boro season
2017, most of the lands in Madaripur districbwent ander water in
harvesting period and labor demanded 50% of the grain vield as their
wages. Harvesting and carrving operations were done in combined
way in Kishoveganj and Tangail districts. The cost of harvesting rice
varied in aman and boro seasons. In case of barg season, labor cost was
comparatively high due to harvesting rce inwater logged condibion.
Somoetimes, laborers were  not interested to harvest rice in the
inundated tield. In Tangail district, the cost of harvesting boro rice was
high due to carrving bundle from field to threshing floor. In g
season, the harvested crops were laid down.on the field for drying. As
a result, no extra labor charge was required for carrying operabion.



Table 7¢ Labor cost of manual harvesting of rice in Dhaka division

District Crop Labor charge, Tk igha!

Dhaka 1000

Faridpur 2AS0

Gopalganj 1,900

Kishoreganj Borp rice 4000 (land submerged with water)
Atitan rice 2500

Madaripur  Rice, wheat, jute 4 labor Th'1L.800

Rajbari 1600

Tangail Boro rice 200082 500
Aman ice 1,500

* Spurce: Field survey 2017 o
The harvesting of rice using sickle was varied from Tk 1,400-2,100 per
Bigtur due to variation of labor wage rate in the survey areas of Khalna
division (Table 7d). Harvesting of rice was done on contract basis and
pavment was made on cash. Reaper machine was not observed in the
survey areas of Khulna division.

Takle 7d Labor cost of manual harvesting of rice in Khulna division

Bagerhat 1,200 (3 labor & 400)

Chuadanga 2,100

Jessore L4000

Thenaicdah 1,200 (4 Labor & 300

Khulna 400K (8 labaor & 300, cut, carry ard thresh by own pedal thresher)
Kushtia 1,200

Magura 1,600

Meherpur 1,500 (5 labor & 3007

Satkhira 4,000 (8 Eabor & 500, cud, carey and thresh by own pedal theesher)

Sources Field survey 2007

In Mymensingh division, harvesting was mainiv done by using sickle
and pavment was made on cash. Basically, harvesting and carrying
operations were done in combined wav on contract basis. In. thas
region, more than 80 percent of the laborers came from outside to
work in the crop field. During crop season, laborers gathered in the
labor market. Farmers hired laborer from the labor market and wage
tate depended on the working time, providing two or three times:
meal or net ete, The length of labor market was observed (.5-1.00 km
long in peak period. Local Iaborers were not interested to involve in
the agriculbural activities due bo extreme level of having leeches in the
crop field in low land, Another reason was that they were not
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interested to work in the water logged condition. Besides, labor price
was also-depended on several factors. In case of inclement weather,
the laborers offered higher wage rate, Labor price went high if labors
were not available in the market, although weather condition was
good, which effects the cost of paddy production.

In gman season, generally labor wage rate was Tk 400-500 per day in
Metrakona district. In boro season, haryesting cost was comparatively
high in low land due to unexpected food occurred more or less every
year. Sometimes, farmers offered Th F00-800 per man-day with three
time meals, eventhough they were niob interested B0 work in o Jand.
In Jamalpur district, harvesting and carrying operations were done in
combined way on contractual basis with some conditions.. For
example, how they provide meal, how moch rice was to be given to
them etc. In Jamalpur district, most of the lands went into water doe
tor lowr lying areas. Ultimately harvesting cost was too much high due-
b having water in the plot. Sometimes, in spite of affering high labor
charge with ether extra facilities, labors were not interested to harvesi
in low land. Farmers stated that fungus attacked in their hand if they
harvested crop in inundated field. On the other hand, harvesting cost
was conmparatively low in anan season due to the avaifability of farm
labrers.

Table Te Labor cost of manual harvesting of rice in Mymensingh

division

District Crop Rental charge, Tk igha

Jamalpur Bororice 3000-4,000

Myrmensingh Boro rice 2,200-2 400
Aman rice 1,000-1, 204

Metrakona Boro rice L HI0-ZA00
Auman rice 1,000-1,2080

Sherpur Boro rice 2,200-2400
Aman rice 1,601

" Source: Field survey 2017
Table 7f shows that the labor cost of harvesting using sickle was
varied from Tk 1,400-2400 per bighe in the survey areas of Rajshahi
division. The mode of payment was made on'cash in all the districts
except Maogaon district, In Naogaon district, labor group offered
share of the harvested crop asa charge of harvesting cost.



Table 7 Labor cost of manual harvesting of vice in Rajshahi

division

District Labor charge, Tk bigha!
Bogra 2,200
Chapainawabganj 1,500

Joypurhat 2,000

Maogaon 8 kg paddy per 40 kg
Matore 1,800

Mabna 2,040

Rajshahi 1,400

Sirajgani 2,400

Source; Field survey 2017

Cropping intensity was high m Rangpur division and Iabor cost was
relatively lower than other divisions. Labor scarcity existed in
Gaibandha and Kurigram districts due to migration oflabor to the
capital. Harvesting cost was observed Tk 2000 per lgha in Kurigram
whigreas Tk 1,500 in Rangpur district. Harvesting cost wias varied with
season and weather condition. Labor crisis was observed as acute in
harvesting fore rice and wage rate increased to Tk 100-200 per man-
day from normal rate due o peak detmand.

Table 7g Labor cost of manual harvesting of rice in Rangpur

division
District Crop Labar charge, Tk higha?
Dinajpur Rice 2,100
Gaibandha Rice 1,500-2 000
Kurigram Rice 2,000
MWlaize 1,510
Lalmomirhat Aseran rice 2,000
Maize 3,000
Panchgarh Rice 1,500-1,600
Rangpur Rice 3,500
Matzee 1,240
_Thakurgaon Rice 1,540

Source: Field survey '?‘[ll?

In Sylhet division, the labor charge for harvesting rice was varied
from Tk 1,600-2000 per bigha due to varation of labor wage rate
(Table 7h). Farmers faced labor shortage in harvesting period. Only
cash payment was prevailed in the Sylhet division.
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Table Th Labor cost of manual harvesting of rice in Sylhet division

District Crop Labor charge, Tk bighr
Habiganj Rice 1,600 (4 person @400)
Moulavibazar Antan rice 1750

Sunamganj Rice 2000 (4 person @300
Sylhet Anan rice 1,600

Source: Field survey 3017

Reaper

Reaper was available in Bogra, Naogaon and Madaripur district.
Entrepreneur provided service to the farmers on rental system. Kental
charge for harvesting rice and wheat was ebserved as Tk 500.600 per
bigha, The machinery owner not only received rental charge as cash
but there was an opportunity to pay rental charge as share of the
grain yvield or fixed amount of grain per unit area of harvest (Table 8).
Md Somraj Sheikh, an agricultural machinery entrepreneur of Rajoir,
Madaripur bought two reapers ie. one was BRRI power tiller
mounted and another was ACT vikino reaper in 2017 and harvested
750 hectare of wheat at the rate of Tk 4000 per hectare, The
entrepreneur earned profit of Tk 60,000 by harvesting wheat n one
season.  Different  organizabions  are  bving to develop
entrepreneurship. on  harvesting  equipment. In somwe  places,
entrepreneurship was developed on the harvesting by reaper.

Table § Rental charge of reaper for harvesting ricein selected

districts

District Crop Rental charge, Tk bigha!
Bogra Boro rice B0

Aman rice 500

Wheat 640 or 4 kg per 40 kg
Maogaon Boro rice S0 or 200 kg bughat

Amuan rice 50000r 25 kg hgha

Wheat 500 or 20 kg bigha!
Madaripur Wheat 530

Source: Field survey 2017
Business constraint
o Chinese and Vietnamese brand rteapers are available in
farmers” field. In most of the cases major parts were failed
during harvesting operation
»  Inboro season, natural calamity like storm and rain hamper the
operation of reaper



Extra labor was required to cut the paddy in the corner of the
plot ko facilitate the movement of the reaper

Movement of reaper 15 restricked in excessive wet soil and
inundated field

Stortn may lodge the crop and reaper machine s unable to cut
the lodged crop

Beaper machine may skid or slip in wet field consequently
fuel consumption will be higher when operates in wet field
Labor efficiency reduces when reaper operate in excessive sun
ligght

Small sizes of plot require more me and fuel due to more
turning events

After harvesting by reaper, farmer has to depend on other
labor group to bind the harvested crop, carrving from field to
threshing floor and threshing, Labor offered the same wage
rate as complete operation Le. harvesting to threshing
operation

Fragmented plobs require more time to move reaper from one
plot to another

Reaper machine unable b0 enter inko in the middle of plot
surreunded by other crops.

Business opportunity

Reaper ensures the faster aperation of harvesting than that of
manuial harvesting

Reaper is suitable to harvest crops in small and fragmented
Fieled

Government provides assistance to procure reaper at
subsidized rate

Reaper machine reduces the labor requirement in harvesting

It 15 not a comphicated machine and operator can operate
easily

It requires low fuel in harvesting operation.
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¢ Self-propelled reaper d Powertiller mounted reaper
Phiote 11 Crop harvesting sethod

In short, harvesting was done by using sickle, It was laboricus and
bme consuming work among the crop production stage. Labor
scarcity happened in the peak me of harvesting in all the survey
areas of Bangladesh, Labor cost for harvesting rice varied widely due
to variation of labor wage rate. Laborer offered higher wage rate in
cast of harvesting rice in inundated field. Labor wage was also
depended on the distance from home yard o crop fields. It was
observed that the mode of payment was made on cash or share of the
harvested grain or Axed amount of gram per unit area of harvest, In
somne places, farmers had to provide three or two times meals to the
lalarers in addition to their wages. Farmers showed keen interest to
harvest paddy or wheat by using reaper. It was not yet popufarized
due to some inherent constrainis Le. unablity to cut lodged crop,
restricted movement to wet field, after harvesting farmers had to hire
another group of labor b collect the harvested crop, carrving the
harvested crop from field to threshing foor and threshing,



Thresher

In Barisal division, close drum thresher was widely used to thresh rice
crops (Table %a). The rental charge was based on the share of crop not
in cash, The rental charge varied from 2-3 kg per 40 kg of threshed
paddy. it depended om the demand of the thresher  especially
inclement weather and labor shortage,

Table %92 Rental charge of thresher for threshing vice in Bavisal

division
District Rental charge, Type of thresher
kg paddy per 40 ke
Barguna 2 CDT
Barisal 3 CDT
Jhalokathi 2 CoT
Patuakhali 2 COT
Pirojpur 2 CDT

Source: Field survey 217, CDT = Close drum thresher

Farmers in the survey areas of Chittagong division threshed the rice
crop byclose drum thresher. Rental charge was based on the share of
the harvested grain and varied from 2.5-3 kg per 40 kg of threshed
crop (Table 9b), Traditional method of threshing especially cattle
treading and hand beating were not observed in the survey areas of
Chittagong civision.

Table 9b Rental charge of thresher for threshing rice in Chittagong

division
Dristrict Rental charge, Type of thresher
kg paddy per 40 kg
Comilla 5 ot
Brahmanbaria a4 DT
Feni | CoT
Chandpur 2 DT
Chittagong 3 CDT
Moakhali 2.5 CT
Lakshmipur 5 COT

Source: Field survey 2007, CDT = Close drom thresher

In the survey areas of Dhaka division, threshing operation was done
by hand beating and close drum thresher {Table %), The machine
owner tffered rental charge of 2- kg per 40 kg of threshed paddy. In
the swrvey area of Kishoregan] district, the machine owner
receivedone bundle from every 20 bundles of paddy e 5% of
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threshed grain had to be given to the machine owner. This system
was very popular in the survey areas. Traditional hand bheating
prevailed in the survey areas of Tangail district whercas threshing
was [ully mechanized in other districts. Traditional way of threshing
required too many labors and it was very time consuming operation.
Power tiller trading was observed in Rajbart district: In the survey
area of Madaripur district, machine owner provided only opendrum
thresher machine and offered rental charge of Tk 400 per day. The
fuel, oil and labor charge was excluded in the rental charge. Farmers
hiid to provide oil, (el and operator charge to thresh paddy.,

Table 9c Rental charge of thresher for threshing rive in Dhaka division

Dhistrict Bental charge, Rental charge, “Type of fhresher
: leg padely per 40 kg T Bt
[rhaka 3 - CO
Faridpur 2 - CIr
f_'.np;llgnm' 2 COT
Kishoreganj 1 -
Madaripur - Th 40 per day onT.CDT
{without fuwel and
il cost)
Rajbari 3 = CIXT (B5%)
70 ODT {15%)
S0 FT treading
Tangail Hix Hanal Beathing
Source: Field survey 2117, CD’T Close: drem thresher: ODT = Open drom
thresher

In Khulna division, open drum thresher was widely used in the
survey areas of all districks except Magura and Chuadanga districts
(Table 9dp. Farmers preferred to thresh the rce crop in engine
operated open drum thresher to keep long straw after threshing.
Pedal threshers were widely used in the survey arca of Baperhat,
Khulna, Kushtia and Magura districts. Different rates of rental charge
were observed in the survey areas of Khulna division. Rental charge
of thresher varied from 2-5 kg per 40 kg of threshed paddy. In Khulna
district, Tk 4,000 per bigha was offered for harvesting, carrving and
threshing by pedal thresher. In some places, farmers got the
opendrum thresher from machine owner on rental system. The rental
charge of opendrum thresher was offered Tk 250 per dav. Farmers
themselves managed the Fuel, oil and operator charge.



Table 9d Rental charge of thresher for threshing rice in Khulna

division
[histrict Eental charge, Rental charge, Type of thresher
_ kppaddyperd0kg Tk bight o
Bagerhat - 1000 Chwn pedal
800 + renkal charge of  thresher
QDT Tk 250 per day onT
Chuadanga 3 - coT
Jessore 5 -
Thenaidah 5 - ODT and COT
Khulna - Tk 4,000 [cut; carry Chn peedal
and thresh) thrasher
Tk 250 per day
T
Kushtia 2 Hire charge of QDT 0T
Tk 230 per day
7o
Chan pesdal
thresher
hagura 4 COT-80%, 20%
pedal thresher
Meherpur
Satkhira Tk 250 per day Chwn pedal
_____ . _ theesher
Source: Field survey 2007, CDT = Close drum thresher, ODT = Open drum
thresher

Different types of threshing methods such as hand beating and
mechanical means of threshing especially using pedal, opendrum and
close drum thresher were bemmg osed in the sorvey areas of
Mymensingh division. Thresher machine was not observed in the
survey area of Jamalpur district. Farmers thresh paddy using
traditional method of hand beating whereas in other districts, farmers
used thresher machine. As-a result, excessive labors were required in
threshing operation, which ultimately increased the production cost,
Laborers were hired on contract basis. Almost every Farmer preferred
b thresh paddy by using mechanical thresher, Fanners hived close
drum thresher only for daily basis with rental charge of Tk 230 per
day. Farmers did not want to keep the straw lomg after threshing,
Therefore, they preferred 0 harvest crops by close drum thresher, In
borp season, farmers used closedrum thresher {small) for threshing
rice in Sherpur district. The threshing charge ranged from Th 400-5350
bigha! The threshing charge differed from bere b antire season. In
amtan season; farmer wanted o keep straw long after threshing, Close
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drum thresher was nod used in anan season, Farmers used opendrum
thresher having 1.6 m long. Three to five laborers were needed to
thresh the rice crop. In Metrakona district, the scenario of threshing
cost was unusual compared to other districts, There was no cash
payrment in threshing operation in this area. Mode of payment was
the share of threshed crop. The owner of the thresher taken away 5%
of the threshed paddy, Threshing operation costs in ame and bore
were nearly the same in Netrakona district.

Table % Rental charge of thresher for threshing rice in
Mymensingh division

District Crop Rental charge,  Rental Typeaf
kg paddy per charge, Tk thresher
kg bight
Jamalpur Bora rice - FU0-E00 Hand
beating
Mymensingh Eoro rice - 350 €eT
A rice J 550 OO
- 250 per-day  CDT
Metrakona Bovo rice 2 - CoT
Aman rice 2 - Lelhag
Sherpur Eoro rice - 550 BT
e Amumrce - 580 2 ODT
Source: Field survey 2017, CDT = Close drum thresher, ODT = Open drum
thresher

Rice crops were threshed by using open and close drum thresher in
the survey areas of Rajshahi division (Table 9f). The mode of payment
wis baged on either cash or share of the crop or fixed amount of crop
per it area of harvest. Most of the places, machinery owner offered
rental charge of thresher machine on share of the threshed paddy. The
rental charge varied from 2-5 kg per 40 kg of threshed paddy. In cash
payvment system, rental charge of the thresher machine varied from
Tk 500-700 per kighs. The cost of fuel, ail, operator and labor was
included in the rental charge. In some places, machinery owner
offered rental charge of 20-30 kg per bigha for threshing rice and
wheat, In Sirajgan] district, opendrum thresher was used as rental
basis to thresh rice crops and machinery owner offered rental charge
on the share of the threshed paddy.



Table 9 Rental charge of thresher for threshing crops in Rajshahi

division
[ristrict Crop Rental Rental Type of
icharge; charge, Tk thresher
kg paddy biighr!
perdl ke
frogra thore Tice FOg oo
Aman rice SO0 CoT
Wheat 5 S0 oo
Chapainawabganj Rice h QoT
Jovpurhat Rice 4
Maogaon Bove rice S00-700 o ODT
030 kg
bigha
Awtan S00-300 or
20-25 kg
fiiggha!
Wheat i oo
or M kg
biga?
Matore Rice 2 20% ODT, 80%
Pedal thresher
Pabma Ripe 5
Rajshahi Rice = CHOT
Sirajganj Rice 3 20 ODT. 80%
TPadal thresher
Source: Feld survey 2017, CDT = Close drum thresher, QDT = Open drum
thresher

In Rangpur division, rental charge was depended on the type of
threshing method ie close drum thresher or apen drum thresher or
hand beating (Table 9z} Hand beating was often seen in Rangpur
district and it was more costly than ODT and CDT on rental basis.
Open dram thresher was more preferable than close drum thresher in
this region. In Thakurgaon and Panchgarh district, bulk amount of
close drum thresher came from Bogra district to use on rental basis at
the time of wheat harvesting. Labor groups contracked with the owner
of thresher machine and combined package was offered to the
farmers in harvesting wheat.
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Table 9g Rental charge of thresher for threshing rice in Rangpur

division

District Crop  Rental charge,  Hental Type of

kg paddy per  charge, thresher
40 kg Tk bighar!

Dinajpur Aman 275-300 cDT

Gaibandha  Kice S00-500 oDT

Kurigram Fice B0 Pedal

thresher
Maize 1850 Maize sheller

Lalmonirhat Boro 1001 QDT

Panchgarh  Boro 2 - oDT

Rangpur Rice 350400 oDT

Thakurgaon  Rice A0 coT

Source: Field survey 2017, CDT = Close drum thresher, ODT = Open drom

thresher

Close drum thresher was widely used in the survey areas of Sylhet
division (Table 9h). The rental charge of the thresher machine varied
from 3-4 kg per 40 kg of paddy. The machine owner supplied fuel, oil,
operator atd labor to thresh and bagging paddy. Blower was attached
in the thresher and cleaned grain can be obtained by using thresher.
In haor: avea, farmers wanted grain rather than straw after threshing,
Therefore, they preferred to thresh rice in close drum thresher.

Table 9h Rental charge of thresher for threshing rice in Sylhet

division
District Rental 1:-11a.rge, Rental Tvpe of
kg paddy per 40 kg charge, thresher
Tk bigha?
Habiganj 3 - cor
Moulavibazar 3 - cDT
Sunamganj + - CoT
Sylhet : 700 coT

Source: Field SUTVEY 2017



Business constraint

Difficult b move thresher machine from one place to another
due to lack of rural road

Wheel is absent in most of the ODT and CDT. During movement
of thresher machine from one place to another, engine needs to
be dismantled from the machine to reduce the weight

In case of breakdown, welding facility is absent in rural areas
Blower fan is frequently broken down during operation
Proper size of nugs and bolts are not available in the local market

Capacity of CDT machine largely depends on the feed rate
and length of straw

The thresher machine has limited annual use. Thresher
maching can be operated seasonally (45 days per vear)

Straw clogged in the CI in case of feeding long straw.

Business opportunity

Harvesting and threshing should be contracted by the same
group

Labor shortage compelled the farmer to thresh the crop by
thresher

Labor group can buy the machine

Thresher machine reduces drudgery, ensures faster operabion
and increases labor productivity

More grain can be obtained by using thresher as unthreshed
grain is absent in the panicle

Easy to repair and maintenance
Warious typesof thresher machines are available in the market

Cleaned grain can be obtained if blower with sieve is attached
to the thresher machine,
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a Animal treading

¢ PT treading d Pedal thresher

a Orpondrum thresher f Clase drum thresher

Pheota 12 'I'hrmhin!'; methods

Traditional method of threshing by using cattle is disappearing in the
country quickly because of draft power shovtage, Hand beating was
also observed m hmited scale in some aress although it takes long
time to thresh. Farmers prefer to thresh paddy by using mechanical
thresher, DNfferent makes and model of threshers are widely used the
farmers” field. There are two types of thresher namely ODT and CDT.



I farmers  wanted to keep the straw remain unchanged after
threshing, they prefer to thresh paddy by ODT. In some places,
Farmers use pedal thresher. Most of the farmers use diesel engine
operated ODT having steel or wooeden frame, Entrepreneur rent out
the ODT only for daily basis. Farmers supplied fuel and labor for
threshing paddy. This case specially happens in aman season. In boro
season, farmers do not want to keep the straw long after threshing,
Theretore, they prefer to thresh crops by CDT. The rental charge
varied with the location. The CDT has another advantage of threshing
other crops like wheat, lentil, chickpea, mustard, mungbean,
blackgram etc. The entreprencur earned money by renting the CDT
for threshing non-rice crops. Therefore, the annual usage of thresher
increased substantially than ODT consequently reduced the fised cost
per ton of processing, Labor group purchased thresher and operated
it on rental basis. They carried thresher to the farmer's field and
contracted to the farmer on combined operation of harvesting and
threshing. The mode of payment of rental charge is either on cash or
share of the threshed crop or fixed amount of grain per unit area of
harvest.

Combrine harvester

Harvesting crops by using combing harvester s attracting the farmers
as it performs four operations namely harvesting, threshing: cleaning
and bagging in single pass operation, The field capacity is very high
compared tomanoal harvesting. Farmers do not have to be worried
about the spoilage of crops in case of incement weather, Privabe
company offered rental charge of Th 11000 per hectare for harvesting
crops by combine harvester. Farmers preferred head feed rather than
whole feed combine harvester o retain straw after threshing. Steaw
can be cut into pieces in-head feed combine harvester,

Phaoto 'I Head feed combine an-'mrpr {nqn:rh&dj
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Business constraint

Purchase price of the combine harvester is very high, which is
beyond the capacity of the ordinary farmers

The annual wse of the combine harvester is limited o
maximum 45 days per year. Payback perind iz extended due to
limited annual use

Combing harvester is a sophisticated machine. Professionally
trained operator is needed to operate, repair and maintenance
of the machine

Larger size ofplots are needed to get the maximum efficiency
of the combine harvesber

Smaller size and irregular shape of crop field are not suitable
e pperate the combine harvester

Frequent movement of the machine from one plot to another
damage the parts of the combine harvester

Fuel consumption depends on the size of the engine. Larger
size of engine is used to supply power in different parts of the
combine harvester as it performs many operalions

The harvester machine is unable to move into middle of the
crop field due to lack of farm road

The machine requires move space to turs in the corner of the
plot and turning events increase the loss time.

Difficult to enter into the field due to low elevation from road
b the crop Held '
Crawler is prone todamage due to movement on the paved
road.

Professionally trained mechanics are needed to reparr the
combine harvester due to complexity in design. Such type of
mechanics are not available in the village level

Farmers hide the actual area coverage to reduce the rental
charge of harvesting.

Business opportunity

Harvesting, threshing, cleaning and bagging can be done in
single pass operation

Reduces the drudgery and burden of labor

Ensures faster operation

In can be operated in shallow depth of water and muddy field
Straw can be cutinto several pieces orintact after harvesting
Combine harvester reduces the postharvest loss, which occurs
in harvesting, carrying, threshing and bagging,



Winnoupisng

Winnowing was done by wsing traditional device kula in the survev
areas of Bangladesh, Pedestrian fan was also used to clean the paddy.
Farmets fastened the blade on the side of the diesel engine and cleaned
the paddy, which was treated as mpst unsafe method of winnowing
(Table 1. BERI winnower has the capacity of 700 kg per hour. Two
passes were needed to oblain the cleaning efficiency of 99%, The
winnower was rarely used in the farmers’ field to clean the paddy.

Table 10 Labor cost of winnowing rice in some selected districts

District  Labor cost, Tk Amount, ki
Sirajgani 0 {Fan or kula) 160
Pabna 400 (Fan or kali) 16
Jovpurhat 400 (Fan or kula) 160
Habiganj 400 {Fan or xuia) 164
Sunamganj 350 (Fan or kula) 16}
Meherpur 500 {2 labor) with fan or 230

wiiha

" Spurce: Field survey 2017

a Cleaning by kuia

© BREI winnower
Phote 14 Grain cleaning system
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Carrying
Laborers carried the harvested crops from the rice field to homeyard
either on head or shoulder. Carrving cost was included in the
harvesting and threshing activities. In case of availability of road,
crops were carried out by cart and power tiller trolley on rental
system. In low Iying aveas, harvested crops were carried out on boat.

a Head carrying

© Power tiller teolley

e
d Carryving in boat
Photo 15 Carrying system




Determination of rental charge

Table 11 shows the market price, vearly fixed cost and annul use of
the farm machinery. Fixed cost of farm machinery is caleulated based
on the assumiption as mentioned in Hunt (1995). Salvage value of the
farm machine is taken into account as 10% of the purchase price.
Interest on investment and repair as well as maintenance cost ane
regarded as 12 and 5%, respectively. Useful life of the machine and
pavback periodare considered as 6 and 3 vears, respectively. Fixation
of rental charge depends on the purchase price, anoual use, life of the
machineg, labor wage, fuel and oil price, transportation cost, repair and
maintenance cost, parts failure frequency, availability of spare parts
and payback period. Among them, yearly fixed cost and annual use
are the main determinant te calculate the rental charge of the farm
machinery,

Annual use of farm machinery is varied largely and depended on the
field activity, Annual use of power tiller and tractor is comparatively
higher than any other farm machinery due to opportunity of versatile
use. Therefore, machinery owner can get the refum investment within
few years [rom the service of power and tractor, However, fixed cost
of the transplanter and combine harvester is higher and annual use is
limited than the tillage equipment. The eperation cost such as fuel, eil,
lalsor, repair, maintenance and transportation depends on the market
price, atea coverage in each day, age of the machine, parts failure
Frequency and availability of spare parts. Table 11 contains the data
that could be a base for the machinery owner or entrepreneur to
calculate the rental charge of farm machinery,

Agsistance on rental charge

At the initial stage of entreprencurship development on farm
|'|'|.;|,r]"|i1'|.nar_',.lJ guvarnment may p‘mvidg‘! assistance or incentive on the
rental charge of selective machinery especially transplanter, seeder
and harvester to get the service at reduced rate. [t will encourage the
local service provider to provide rental service on these three labor
intensive works.
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Table 11 Purchase price, fived cost and annual use of farm machinery

Adtivity Machine Purchase  Capacity Fixed Annual
price; Tk coat, Tk uge,
wrl days yrl
Tiflage Foawer tiller LE0L000 Ol hahke! 42335 1507
Trackr 300000 d18hahel 365174 200
Transplantmg  d-row 400000 Q10 hahe' 112361 45™
walking
transplanter
feronw rice 1600000 013hahr! 449445 454
an
iransplanter
Sepding Power tiller 6500 .12 ha hr! 18,259 30
operated
secder
BREI seesder A5000 D12 ha he! 18259 i
BART seeder 65,000 Q12 hahe! 15259 i
VM BOLOD0 0,10 ha et 19,663 4
Fertilizer BREN prilled 5000 003 ha bt 1405 40
application urea
applicator
BERI LS5 50060 i ha het 1405 40
applicator
Weeding BREI weeder SO0 i3 hahet 225 50
BRED power 6, (KXE Q07 ha hrt 16,854 S0
weedor
Harvesting Reaper 180,000 (010 ha el 50,563 el
Wlimi A00.000 012 hahe! 168542 70
comiine
harvester
Herieed Frenc 2600000 Od6ha bt TI0348 a0
cormbdme
harvester
Threshing BERI rice- 50000 800 kg het 22472 70
whieat
thresher
{THH)
BERI rice- L0500 1000 kg he! 29495 70
wheat
thresher
(TH®
Thresher 200,00 1200 kg he' 58,181 m
(Steering
SysEbems)

Sourcer Field survey 2007, MNB; *Tillage and other purpose; “lslam, 206



Trend identification

Transplanting is a labor-intensive work and takes much time when
performed manually. With the price hike of the daily commodities,
labor expenses are beyond the reach of marginal farmers. By
ocombining these problems, it is obvious that farmers need an alternate
that could accomplish the task within time and reasonable expense.
Rice transplanter started to be imported in Bangladesh from 2010 by
different government, non-government organizations and companies
(Fig. 1) At present, 400 transplanter machines are there in
Bangladesh. This implicates an affinmative sign, The problems of
manual transplanting are afready noted by the policy makers and
they approve the use of mechanical transplanting in harnessing
advantages of limely transplanting saving labor and cost, preserving
possibilities of good wield for the sake of food security in broader
LTSRN
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Fig. 1 Trading of transplanter (adopted from ACI maotors, 2006)

Opportunity in custom hire service

The price and maintenance cost of rice transplanter and combine
harvester is very high in contrast to the economy of Bangladeshi
farmers and therefore ownership model for transplanter and combine
harvester is not applicable. Besides, skill and proper knowledge is
pequired to prepare mal type seedlings and operate transplanter and
harvester efficiently, which 1s not available at the root level vet. Thus,
it becomies obvious that custombire model is the only choice that
could be taken at the current situation of Bangladesh, Moreover, the
custom hire model offers scope for the young entrepreneurs to get
irbo business and formulate seope for new profession.
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Farm machinery rental system
Rental svstem is widely accepted form to provide service to the
customer especially small holder farmers. Mechanized cultivation can
be boost up through extensive use of farm machinery on rental
systemn, Small holder farmers are umable to purchase the farm
machinery due to capital constraint, Large farmers or company can
invest money o purchase farm machinery and use in their own field.
Small entrepreneur can come forward {o invest money on purchasing
farmy machinery and providing rental service to the farmers if
sufficient assistance is provided 1o them. Remtal charge of the farm
machinery should be lower than the cost of certain farming operation
in existing traditional method. Except power tiller/ tractor, most of the
farm machinery are operated seasonally, Rental charge depends on
the annual wse of the farm machinery. Existing plot size and shape do
ot ensure the better performance of the farm machine. Inaccessibility
of farm machinery to the plots also hampered the successful operabion
of the machine. Most of the times spent for plot to plot movement
incur foss of tme.

Some farm machinery have versatile use especially power ftiller,
tractor, irrigation pump and spraver which ensure the extensive use
of those machanes. After bllage operation, power Hliler and tractor can
be vsed as hauling human, carrying goods, bricks, sand and other
materials. Those machines can be operated in day and night
Therefors, profits come from other operations. Spraver is not only
wsed in spraving herbicide and pesticide, it can be used in spraving
on the stored product, horticultural crops, small trees and flower
garden. [rrigation pumps were used in draining water from stagnant
areas, Initial price and depreciation as well as fixed cost of the
transplanter and harvester are very high whereas, annual use is less
than the tillage and irrigation equipment. Labor cost does not match
the operating cest of the transplanter and harvester due to limiled
anniial use; As the machine price is high,’ group ownership creates
enabling enviromment 1o establish ownership rights of the farmers an
farm machines. However, in Bangladesh condition, multiple owners
create misunderstanding among them about theesecution of rental
system and adversely affect the income distribution,



Obstacle

Lack of capital to invest in purchasing the high value farm
machinery

Certain farm machinery especially transplanter, seeder and
harvester has limited annual use. The entrepreneurs are not
willing to invest on farm machinery service business on those
miachinery

Farm machinery business is mostly seasonal. There is no
opportunity to operate the machine continuously and machine
has to keep idle for long time which needs extra maintenance
cost without getting revenue in idle time

Inaccessibality of farm machine to the respective farm due b
tack of farm road

Different types of crops especially similar crops having
different duration are grown in the same rvegion, Machinery
accessibility in the middle of the plots is limited due to crops
are matured in different times

Skilled mechanics and operators are not available in the country
Some spare parts are not available in the local market,
Entrepreneur has to place offer to the respective company and
took more Hme o get spare parts. In the mean time, season
Boes Over

After sale service is not readily available at door steps of the
farmer

Same farmers are reluctant to pay the rental charge in time.
Entrepreneur will not get profit from mechanical transplanting and
harvesting business due to high investment cost and less rebum.

Solution

Government/ private organization should provide sufficient
assistance to procure high value farm machinery  especially
transplanter and harvester

Custom hire service center should be set up under public
private partnership approach where all farm machinery will
be available to provide rental service at cheapest price
Business model should be developed for each type machinery
and technology

Ensure the availability of spare parts nearer bo the field of
operation

Entrepreneur should be trained on the business development
and management to run the business smoathly

Entrepreneur should have credit facility with low inberest rate.
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Strategy

Create mass awareness through the large scale demonstration
and focus group discussions (FGIDs) on the use of farm
machimery and technology

Professional training should be given to the operator on the
operation, repair and maintenance-of the farm machine
Training should be organized on  entrepreneurship
development to run the business efficiently. Public sector in
assaciation with private sector should take the responsibility
to impart training

Setup custom hire service center where one set of all tvpes of
farm machinery will be available for providing service to the
end users

Develop infrastructure for custom hire service center with the
government assistance, One unit of farm machinery should be
supplied to them on cost share basis

Ensure the availability of frequently damaged spare parts
Government may provide incentive on the procurement of some
selective machinery to-purchase the machine at reduced price
Setup service center to repair and maintain the farm machine
Formulate the marketing strategy on the promotion of rental
service business

Prepare business promotional material and distribute to the
target stakeholder to scale up the rental serviee.

Expected outcome

Small holder farmers will get the easy accessibality of different
types of machinery by payving nominal rental charge

Farm productivity will be increased substantially

Mechanized culbvation directly and indivectly influences on
the livelthood of rural people

Mechanized cultivation relieved the farmers and they can
utilize the extra time in other activities,

Long term benefit

Custom hire service increases the mechanized cultivation
Farmers will be dependent on the rental service of farm
machinery in critical stage of crop production
Entrepreneurship will be developed and encouraged to buy
farm machinery.



CHAFPTER III

MAT TYPE SEEDLING RAISING

Introduction

Mat tvpe seedlings are needed for mechandcal rice transplanter. The
most common properties of mat type seedlings are proper root
formation, bonding strengeth, seedlings height, uniformity of seedling
and seedling age (Islam, 2016). Trays having high density seedlings
can be obtained by combination of proper seed rate application and
mood nursery management. High density seedlings help in reducing
tray requirement in transplanting, Soil amendment also affect the mat
type seedlings. Seedlings are preferably grown on soil in a seedlings
box having dimension of 58 = 28 = 3 cm. Several authors conducted
the research on the raising of quality seedlings. Mamun ¢t al. {2003)
recommended that the media containing 23% cow dung or rice husk
or poultry manure mixture with 75% soil conld produce good quality
seedlings. Kamruzeaman ot al. (2014 mentioned that seedling raising
in tray under polytheme shed was found very effective and affordable
technique during cold season of Bangladesh. Hossen and Rahman
(2014} stated that clay loam soil showed better performance on rolling
quality of the seedling mat and seedling strength over sandy loam
soil. They also mentioned that bore season produced moere seedling
strength because of stunted growth doe to cold spell that produced
more dry matter per unit length over amuin season. Goel af al, {2004
stated that twenty-day-old seedlings were most suitable for all the
transplanters. Ahmed et ol (2008) recommended that the seediing
height. should not be more than 17 om for effective crop
establishment. Kitagawa et al. (2004) found that about 3-leal-stage and
12 to 15cm height seedlings are good for machine transplanting.

Procedure of mat type seedlings raising

Seed germination

Seed rate depended on the germination rate. The seed germination
and vigor should be more than 95% and 80%, respectively to avoid
missing hill. Seed germination depended on the water availability and
temperature, The germination percentage was calculated by following
formula:

Number of seeds germinated

Fermination (%) = = 100

Number of seeds on tray
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Seed selection
Seeds should be sun dried for one day and cleaned to remove
impurities. Healthy seeds should be selected by specific gravity
methed. Dry seeds were immersed inko water to remove unfilled
grain and other impurities (Fhoto 1).

Photo 1 Seed treatment

Seed freatment
Autostin (ai. Carbendazim) powder was mixed with water, Autostin
powder was used bo protect the seed friom seed borne diseases.

Seed spaking

Soaking dme depended on the ambient condition  and  water
temperature, It was recommended to soak seed in #-12 hours and not
more than 24 hours (Photo 2). Excessive scaking time led to
decompose the seed.

Photo 2 Dry and soaked see
Seed sprouting

Seeds were taken out from water and kept in gunny bags to.creabe
warm environment for sprouting, The seeds started sprouting after 48
hours (Phoba 3). Sprouting time depended on the environmental
temperature.



Phata 3 Sprovited seed

Seed rate

Seed rate is very much important te maintain proper seedling growthe
The seed rate shoold be optimized for different sizes of rice variety to
get oplimum number of seedlings. Dry seed of 130g for bold grain,
14z for medium and slender grain and 1X)g for extra-long and
slender variety were recommended to avoid missing hill during
operation of mechanical rice transplanter [Hossen, 20M2a), Higher
seed rate influences on slender seedlings. Seedling growth appearad
good in warm than cold environment.

There are two common methods of seedling raising suitable for rice
transplanter

I Tray svstem

IL. Long mat system
Tray system
Preparation of rice secdlings on tray with dry soil
Fertile soil was collected from the field and sieving was done to
remove any kinds of stones, gravels and roots from soil (Photo 4 and
5} Wooden piece was used to break the clods by beating. Sandy soil is
less effective for mat formation and such type of soil should not be
used for quality mat production. One layver of soil was spread onthe
tray and level by uwsing leveler (Photo &) Sprouted seeds werne
broadeast uniformly (Photo 7). Finally, seeds should be covered by
another thin layer of soil (Photo 8).
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Phote 4 Coilection of soil Phete 5 Soil steving

Photo 7 Spreading sproated seed intray

Phote 8 Seeds covered by another soil layer



Watering the tray
Watering was done by sprayer for proper setting of the soil (Photo ).
For the first 2-3 irrigation, waler was sprayed on the tray in such a
way that the flow of water would not damage the newly fermed mats,
Watering was done twice in a day until complete emergence of
seedlings. Care must be taken so that the seedling mats are always
wet, Travs were covered by polythene and white cloth to protect from
puouttry and cold injury. Fencing was done by net for protection from
pv:rul:tr:r and livestock (Photo 10).

Phato @ Watering of the teay

Photo 10 Tray covered by polyvethylene and fencing

Tray preparation time

Table 1 presents time required to prepare 200 trays. Five activities
were done to prepare tray. The highest time (32'%) would be required
in soil sieving,

Table 1 Time requirement in preparation of 200 trays

_ Activity Time, hr
Suil siewving 550
To il ome third of the tay with soil .20
Tospread the seed in tray 3m
T cover the tray with soil 230
Watering I sprayes m
Total LEE ]

Source: lslam, 2016
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Preparation of vice seedlings on tray with md

Mud was collected and spread on the tray upto 2 cm height (Photo
11). Mud was leveled by using hand or leveler (Photo 12). Sprouted
seeds were distributed on mud in such a way that uniform placement
of seeds were maintained (Photo' 13). Trays were covered by
polythene sheet to protect from rain and placed in the nursery field.
This system was usually practiced in aran season when difficult to
get dry soil due to heavy rain,

Pihoda 11 Spreading mud Phaoto 12 Leveling mud

Photo 13 Spreading seed Fheke 14 w_1li:1g;'.

Mursery fields

Relatively high land was chosen for nursery fields. Nursery fields
must have the availability of sunlight, land, labor, irrigation and
drainage system. The fields should be leveled and located at nearer to
the main field to minimize the transporfation distance of seedlings to
the field. The fields should be away from trees to avoid shade
andhomeyard to protect from damage caused by poultry and
livestock Seedlings were fenced by net to protect damage from
poultry. Seedling trays were irrigated as and when needed. In cases of
water shortage, trays were placed in the irrigation canal and rice field,
frrigation water was supplied by shallow tube well. Farmers used



ponds, lew lands, irvigated plots and drainage channels where 2 1o 5
cm of standing water was available as shown in Photo 15, Seedling
nurseries usually required 5=10% of the total farming area.

Phato 15 Seedlings management

Monitoring

The seedling nursery should be monitored everyday and ensuring the
supply of irrigation water. Farmers were motivated o irrigate the
trays time to time (Photo 16). Farmers, who used own seed wene more
careful about their trays than the other farmers.

Mhnta 16 Monitoring the seedlings nursery
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Long mal system

Preparafion of rice seedlings on polythene with dry soil

Polythene is an alternative of tray to raise mat types seedlings, One
kilogram polythens (003 mim) provides 20 m® areas, It is essential to
select the thickness of the polythene. Accounting the loss, 8% of the
polythene can be effectively used to prepare seedlings mat.

Land salection
It is important to select the seedling station because quality of mat
largely depends on the selection. The following criteria is essential to
be maintained-
o Closer boirrigation source
o Avoid sandy soil
+ Area should not be surrounded by trees {ie open field and
without having no shade)
¢  MNursery field should be nearer to the transplanting field to
minimize carrying time and cost
»  Fallow and marshy land should be avoided.

The following provedures should be maintained step by step

»  Land selection for seedling raising

s Estimation of required polythene

» Tillage by spade or rotavator/tiller and one to two plankings

to destroy the germinated weeds (Photo 17)

FPulverize the soil by breaking clod

Remove stome, ravel, straw and other hard matenal from the soil

Sorll ey be mixed with Farmn yard manure b dimprove the soll fertliy

Level of land by using leveler

Spread polvthene sheet and make perforations of 1-2 mm

diameter over it in different places to drain excess water (Photo 18)

» Place wooden frame at the border side of polythene sheet
(Photo 19)

» [t was observed that 16 man hr! laborer was required to
prepare 300 maks with 1 m? soil.

«  Spread 2oil on the polythene at 2.5 cm height

#  Use leveler to maintain uniform height of the soil (Photo 20)

o Spread sprouted seed uniformly to achieve uniform seedlings
density on the mat (Photo ZT),

»  Watering is done regularly (Photo 22)

»  Cover the seed with soil (Photo 23)

s Stop watering before 24-48 hr of transplanting for easy to rall
the mat. Soft or dry mat can break easily.



Phote 21 Distribution of sprouted seed

Phota 23 Covering seedbed with polythene
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Preparation of vice seedlings on polythene with mud

Preparation of long mat by mud was observed to be more cost
effective than dry soil, 1t was the easiest way to prepare the long mat
with mud. Perforated polythene sheet was placed on the plain fefd
and spread mud on the polythene uniformly. It was very important to
ensure the land Ieveling for uniform distribution of mud (Fhoto 24).
Soil should be saturated encugh with water that makes it easier to
level on polythene. Leveler was used to level the top of the mat. Mat
should not be long encugh that hampered to maintain the leveling,
The dimension of (9=1.5) m? mat required 9 kg seed and provided 68

number of tray.

FPhoto 24 Placemerd of mud and leveling

| B
v
[ |
Hestans LT FEvETG |
]
e L |

Fig. 1 Seedbed dimension

Seed distribution

The high yielding rice variety BRRT dhan58, BRRI dhan28 and BRRI
dhands were used to raise mat type seedlings on polythene using,
mud  (Photo 25}, Uniformity of seedlings ensured the smooth
operation of transplanting. Uniform seedlings reduced the cost of gap
filling and uniformity greatly depends on the distribubion of seed on
the mat. Careful and uniform distribution is very much important
task in mat preparation. Depending on the rice variety, 880 gm seed

103



was required to distribute per square meter mal, Uniformity of
seeding can be ensured by using seed sowermachine.

Phote 25 Distribution of seed on long mat

Seedling nursing

Daily monitoring of seedlings mat was very much effective to prepare
a pood mat (Photo 26). Watering was done by sprayer for first seven
days of mat. Flood irrigation was applied after seven days, Another
important task was to fencing the seedbed to protect it from any
external harm.

Photo 26 Seedling nursing

Seedling age
o Sepdlings are ready for transplanting i 12-13 days after
seeding (DAS) in wegn and aus season and 25-30 days in bore
SeASOT

s In bore season, BRRL dhan28 and BRRI dhan2® required 25 and
30 days, respectively for proper mat formation due to cold

s Mats are ready to transplant when seedlings attained 2-3
leaves and 10-12 em height,
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Mat cutling
Water should be drained out one day before the cutting of seedlings
mat. Frame having dimension of 58 x 28 an area was made with mild
steel, Mild steel frame should be placed on the mat provided that
wooden hammer put litde pressure (Photo 27). Sharp knife was usad
to cut the mat according to the specific dimension and rolled to make
easy to carry. The uprooted nursery mats were ready for transporting
to the field. It was estimated that one person could cut and uprooted
soedlings for 247 ha ina day.

a Seadlings nursery b Placing frame

< Mat cutting

Photo 27 Seedlings mat

Mat damage
Rice variety BREI dhan58 was found better in mat formation than
those of BRRI dhan28 and BRRI dhand8. It was observed that 17 %

mats were damaged due to low population density, water shortage
during cutting and placing steel frame (Table 2),



Table 2 Estimation of damaged tray

TMat Variety  Matdimensicn  Area Seed  Neoof  Loss  Seedlings

L b

2

11

lengrth, width, me ki mt % i s
m

_m ! formed
S ! m_ cd,
dhanls B5d 1.6 1566 ) ] 75 kg
BRED
dhan2s 785 163 12,76 a 3 &2 21534
BRED
dhan2s B8.05 1.65 13.28 9 iz ] 104 1975
BEEE
dhanss 0.76 TE3 17.85 I4 o3 31 24323
BEEL
dhan33 3.0k L.65 1551 11 B3 11.3 s
BREI

dhand  BI5 1.63 153 4 104 171%
BEEI
dhands 500 145 1.3 12 3T B 2011443
GRE]

dhan2s B89 1.57 135 13 1 aill 192140
BEEI
dhan2$ 1646 157 S0 18 ol 354 a0
BEEL

dhan?f 1646 L57 e 18 1n4 54 1343
BREI
dhardd 610 1.65 100 B 52 39 17971

Advantage of long mat type seedling raising

Mo need for plastic trays

Minimized the purchasing cost or hire c'hzirge of tray

Locally available raw materials were used

Appeared as cost and time effective system

Farmers” acceptance was relatively high due to simplicity than
the other methods.

Constraints in preparing long mat

Dafficult to separate foreign particles from mod. Careful
separation of coarse particle is suggested to get quality mat

Cracks may be formed in mat due to absence of moisture
Birds may damage the plant by eating sprouted seeds (Photo 28)
Irrigation water streams may destroy the newly formed mat

Rodents and mites may destroy the mal. Standing waler may
hawve advantage in some siteation
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s 501l more than recommended height may raise problem in mat
formation

= Plants adjacent to the edwe of the frame may be damaged
during cutting {Fhoto 29)

s Excessive dryv and wet mat prone to damage

s Cattle may destroy the mat in absence of fencing (Fhoto 30).

. "&*ﬁ_ ‘IT:I |. !!|:" f i PR ; --im

. O

Phote 28 Mat damage by rodents and excesgive soil height

Photo 30 Mats damaged by cattle

Precaution to overcome the constraints

*  Ensure the seedlings station nearer to the lransplanting fields
and easy access of irrigation



s Mud should be free from coarse particle

o Seedling raising nursery should be perfectly leveled

= Excessive length and width of mat should be avoided
»  Optimum soil height should be maintained

s Use fungicide in case of disease infestation

o Mat should be sufficiently wit during cutting

»  Maintain uniform moisture on mat.

Mat formation in one-tfime tray

Seedlings were raised on one-time tray to observe the mat formation
and quality seedlings (Fhoto 31). Mat formation was found good in
one-time tray and mat can be rolled easily. The performance of the
one-time tray was quite satisfactory to raise seedlings, Il can be
recommended o use one-time tray to raise seedlings suitable for
mechanical rice transplanter, The cost of one-time tray was much
lower than the plastic trays.

Phodo 31 Mat formation i one-time Eays

Comparison of seedlings raising cost

Table 3 shows the cost of raising mat type seedlings in three different
methods. The seedling raising cost on plastic tray and long mat with
dry soil was 46 and 11% higher than the traditional method of
seedlings raising. Preparation of tray type seedlings is labor intensive
work, Manual seeding does not give assurance on the uniform
placement of seeds, Seed sower machine reduces the time required to
broadcast sprouted seed and  ensures  the uniformuty of seed
placement.
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Table 3 Comparison of seedling raising cost

Cost components Mianual, Tray, Long mat,
Tk Ha? Tk hat Th has

Tillage 400 - -
Laddering TH] - &)
Seed 1240 1080 1080
Irrigation 1540 200 200
Eung‘icide 100 10 100
Fencing 200 200 200
Tray cost - E0 e
Tray transport - A0 <
Soil collection - 150 -
Soil sieving - 150 -
Tray preparation = 150
Polvethylene - - 300
Mat preparation . - 300
Mat cutting = n 150
Total cost 2140 3130 2380

WE: Seed rate: 160 gm per tray: Seed cost: Tk 80 kgl laborer wage vate: Th
300 day; Polyethylene cost: Th 120 kg



CHAFPTER IV

MECHANICAL RICE TRANSFLANTING

Introduction

Mechanical transplanting is an emerging technology in Bangladesh
and gaining popularity through the different program of government
and nen-government organizations. Manual transplanting by laborers
requires much more Hme, cost, and the crop maturity become difficult
because of the transplanting shock (IRRI, 207). This sheck could be
avoided by transplanting infant seedlings. Manual transplanting
recquired 123-150 man-hr ha-' and it would take only 9-11 man-hr ha-1
for mechanical transplanting by four-row walking transplanter {Islam
et al., Hab). Farmers are not habituated to use tender age seedlings.
Mechanical transplanting in rice cultivation is being practiced around
the world for row crop establishment as it allows use of mechanical
weeder and reaper to collect good input-output ratio. Haytham et al.
(2011 reportedd that vice transplanting was mechanized between 1970s
and 198(0s in Japan and Korea, respectively. At present more than 99%
of paddy fields are cultivated by mechanized transplanting in those
countries. In  Bangladesh, mechanical transplanting  performed
satisfactorily: by four-roww transplanter in small scale at differemt
locations {lslam, 2016). The rice transplanter has alveady been
attracted the interest of many farmers, traders and manufacturers and
some farmers are already using this technology. Successful crop
establishment is a pre-requisite for good vield, which is achieved
through Himely ransplanting of seedlings. It involves critical issues
like: availability of man power, cost and time requirement in land
preparation and transplanting operation (Mamun ef af, 23} IRR]
(2007} reported that plant spacing is important and proper spacing
can increase yield by 25 to 40% over random spacing. TSISA (2013)
recommended that, fields should be puddled to a depth of 5-7 cm.
Puddled fields should be leveled and soil allowed to settle for 12-24
hrs. Light drrigation should be applied and excess water drained off
prior to transplanting.  Uniform depth of 1-2 cm standing water is
favorable for transplanting.. Kamboj < al. (2013) mentioned that



Wechanival fhoe ransplanding
mechanized transplanting  performed in  immediately  puddled
conditions often implicates problem of soill settling (loose  soil),
resulting in missing plants and excess spacing. Hill density is reduced
when spacing are higher. Goel ef ol. {2008) studied the comparative
performance of three models namely GUAT, CRRI and Yanji rice
transplanter in sandy loam soil with four levels of sedimentation
period. Le. 24, 32, 4B and 56 hrs. It was found that 32 hrs of
sedimentation period was. suitable for operation of manual rice
transplanter while the same was 56 hrs for Yanji transplanter. Behera
et al. (2009 reported that, 36-48 hrs of sedimentation period was ideal
for transplanting. Earlier, Behera and Varshney (2003) studied the
correlation: between puddling and mobility of the transplanter and
found to be inversely proportional. IRRE (2007} recommended that
land must be well prepared for machine transplanting. The soil needs
tor b feveled and have sufficient bearing strength to carry the
machine and support the planted seedlings. Fields mav need bo be
drained one or two days longer than they are for hand transplanting.
falam et al, (2016a) studied the effect of selective mechanization and
reported that, 18% of transplanting cost and 61% labor (man-hr hat)
was saved by using Daedong DP4ED rice transplanter whereas grain
yield was T0% higher than the contemporary raditional plots. lslam
et al, (2013) studied the performance of -row ride om transplanter on
commercial basis and reported that, almost 92% travs were required
in mechanical transplanting, 2% for gap filling and &% in pocket area,
Seedlings tray requirement in each plot can be reduced by adjusting
plant to plant spacing and seedlings density setting. They have also
recommmended that smaller plot should be avoided to increase the
daily arca coverage of the transplanter. [slam {2014) reported that,
tray requirement in each plot can be reduced by adjusting plant to
plant space and seedlings density setting. Biggs o af. (2015)
recommended that, research in Bangladesh should focus on the vield
and economics of mechanical transplanting for allowing extensive use
by the rural farmers. Mandal (2014) reported that immediate
emphasis is needed for ransplanting and harvesting mechanization



due to rising wages for labor. Rice transplanters need synchronization
of tillage, raising seedlmgs and planting by individual farmers.

Eole of private company

Large initial cost of farm machinery is a barrier in the process of
adoption to the root level. Besides, a strong and effective value chain
is necessary to reach this machinery in the field from manufacturei’s
warehouse, Government can provide strategmc support, however the
formation of farm machinery market and model of revenue streams
must be performed by public and private contribution. Farmers or
entrepreneurs are a part of the value chain, but the responsibility of
large investments must be taken by the industrialists as well as
private companies. In Africa, privabe companies stepped in making
availability of machinery to public. generating new working
environment for entreprencurs, operators; customizing contractual
arrangements that can plav the operational consolidation of small
holdings (Mandal, 2014}, The management of local manpower in the
extracton of local resources requires economic contribution from the
companies to achieve sustainable development in fanmn machinery
operated agricultural operations (Sergaki and Nastis, 2001). Wit the
capital and shipment support from private companies, farmers can
avail the facilities of mechanical interventions in agricultural
operations i an afferdable  price: and produce higher quality
products. In- this way, private companies play a vital role in the
cireulation of new technology to the requirements of consumers and
in improvement of their placement in marketplace.

Business opporkumnity

Adoption of mechanical intervention in . agricultural operations has
been accelerated in Bangladesh since 19805, Specific areas like tillage,
irrigation and threshing are already urider mechanization. At the
same fime, thére are many areas untouched by mechanical
interventions especially the seedlings preparvation, transplanting and
harvesting. Mechanizing these activities can serve to achieve greater
efficiency, resource conservation and reduction in cost of crop
production: The ownership model is quike popular in rich countries,
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Cuestom hire model is the only choice for other countries.
Multipurpose use of single machine in peak and off peak season is
required in middle and lower middle income countries to maximize
output,

The possibilities of commercialization of meéchanized transplanting
using small scale machinery has also indicated positive results as the
farmers  showed huge meerest (Islam et al, 2005 However the
performance of commercial transplanting service was observed lower
than the recommendable margin because of varous constraings that
are already identified in aman 2014, Those constraints indicated that
there is a need of developing a rigid business model that can check
the underlving performance of machine in operation at the farmer’s
field, By the time 2 business mocdel is needed to articulate the logic
and provide data evidence that demonstrates how a business could be
created to deliver value to customers,

Bangladesh has already attained self-sufficiency in rice and now the
government of Bangladeﬁh is stepping toward sustainable agriculture
(GED, 2005). Development of business ventures and organizational
competency accompanying with farmer’s need and interest has great
scope al this extent, The need for an entrepreneurial culture in
agricultural sector thus became a must in the recent yvears (MeElwee
and Bosworth, 200100, Accordingly, commercial activity on agricultural
operation by mechanized method s going ko be the need of the rural
farmers to escort the country’s goak.

Business model as new one

Unlike tractor, power tiller and shallow engines, rice transplanter has
limitation for multipurpose use keeping the machine idle in off
season. b is a single use machine usable only for rice transplanting,
Efficient rice transplanting in field could be affected by land
condition, good management and seedlings quality in tray beside of
the machine performance (Islam ef al., 2015). The business model for
rice transplanter thus includes all these crucial factors, Seedlings
preparation and rice transplanting service coubd be attached together
to establish proper synchronization, Seedlings preparation in tray



requires skill and knowledge which should be provided lo the
Farmers. Proper diffusion of mechanical transplanting technology 15 a
prerequisite of this business model. Risk related o seedlings
establishment must be safeguarded by company policies. Based on
the previous findings of constraints of using small rice transplanter in
transplanting operation at commercial level a business model should
be prepared concerning all the aspects that could influence the
sustainability of business in the field.

Islam et ol (200170} conducked the study on the commercial
performance of transplanter during late bore 2006 season (February —
Jurw) at Chaghatpara, RBangpur sadar and Kaliganjpara, Pairaband
near Rangpur city. The study area lies under AEZ-3 (Tista Meander
Floodplain). This zone includes most parts of the northern tip of
Bangladesh pccupying 2,468 kmd area (BBS, 2012). The climate of this
region is of tropical dry and wet type. The average annual rainfall is
2931 mm and the average temperature ranges from a minimum of
11%C to a maximum of 32°C. The high yielding rice varieties BRREI
dhan28 and BREI dhand® having good germination were used to raise
seedlings in plastic trays.

Rice transplanter

A four-row walking type rice transplanter (mode] DP488) was used to
perform transplanting, The machine was imported by ACI motors
Ltd. Dhaka, Bangladesh (Photo 1). This machine featured ten
seedlings density setting (Photo 2a), separate transplanting and
operating engage-disengage clutch: (PhotoZb), six depth control
options (Photo 4.2¢) and six (12,5, 14, 16, 18.5, 20, 21.5 cm) seedlings
interval contral (Photo 2d and &), Depth, spacing and density setting
are calibrated before procesding to the main operation to obtain
desired output in field. Table 1 presents the detailed specifications
concerning performance,
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Table'1 Specifications of walking type rice transplanter

TParameter Linit Walue
‘Make-Model DAEDONG DP 485,
and Year ms
Origzin South Korea
Field capacity ha bt Q100200
Weight kg 153
Engine type Aidr cooled, one
cylinder
Engine power EW {{rotation min) 294
kW (4ps) /3200rpm
Fuel gasoline
Starting svstem Recoil starting
Fuel tank L 4
Driving speed km hit Forward 0-4,
reverse (-1.53
Operating speed  km hi? 0-2.77
Driving system Gears 4
Transplantalion  Transplanting rows 4
unit
Hill space within 200
rowsimim)
MNa. of plants (row m2) 27,24, 21,18, 16,15
Hill spacing plants (erm) 125 14, 16, 18.5, 20,
1.5
Transplanting 10-45 (control in &
depthimm) sheps)
Stem amount Haorizontal conveying 932 11/26,16/18
contral amount|{mm, count) {3 step)
Longitudinal conveving  9-I6 {contral in 9
armnount{mmm) skeps)
Impart price Tk 280,00
Seedling mising

Trays having high density seedling were obtained by combination of
proper seed rate application and good nursery management. High

density
transplanting,

seedlings helped

in  reducing  tray

requirement  in
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I'ray preparation
The preparation of seedlings was performed by the farmers under
instructions of trained personnel. At first vigorous seeds were chosen
by specific gravity method. Seeds were immersed in water for 24 hrs
and placed in gunny bags (Fhoto 3a and 3b). The seeds started to
germinate within next 48 hrs and those were sown after 72 hrs,
Relatively high land was chosen for tray preparation (Fhoto 3c).
Plastic trays were used to frame in the formation of seedling mat. Dry
soil was sieved and poured in trav after removing stone, stubble or
grass {FPhoto 3d). Sprouted seeds were distributed uniformly on the
soil {Photo 3¢). Water was applicd twice a day until complete seed
emergence (Photo 53f). Mats were ready to transplant when seedlings
attained 2-3 leaves and 10-12 cm height. Data were collected on both
plot to plot and dav to day basis using different data sheet. Plot
related information like name of the farmer and previously cultivated
variety in those plots with vield were collected and recorded by
interviewing farmers. Plot length and width {m) was measured using
plastic tape and recorded carefully, Data were further used for
calculation of area (ha)and length-width ratio (L/W). Seed rate (gm
tray-1), number of trays used in seedling raising seeding date,
transplanting date, seedling age, plot shape, travelling distance (km)
from machine shed to field, space setting, missing hill, labor
pequirement, water height, depth of puddled soil, number of tray
required in each plot, daily area coverage of transplanting, machinery
trouble were collected by direct monitoring, Depth of puddiing and
height of standing water was measured just before transplanting
operation, Soil settling  time was calculated at the time of
transplanting from the time of puddling, Seedling density in trav was
measured by placing a 254 = 254 em square loop in the tray and
mumber of seedling contained by the loop were counted and
converted to seedling density m2. A total of 54 plobs were observed
among which 4 plots were transplanted by transplanter and the rest
were traditionally transplanted as control plots,
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Seedlings density

The amount of seed used in tray preparation varied depending on the
variety and germination rate. Seed rate also varied from one farmer to
another due 1o farmer’s perception. Amount of seed used per tray by
different farmers had direct influence on  the HL‘“IHE density
obtained per tray and consequently tray requirement in field. Seed
rate applied by the respective farmers in this study was not more than
150gm  tray', Seedling density depended on the seed rate
germination and oniform placement of seed during tray preparation.
Seedlings density followed increasing trend with the increase in seed
rate (Fig. 1). Seedlings density reduced when seed rate was higher
than 145 gm tray? indicating that higher seed rate increased the
seedlings mortality which supported the findings of Hossain (2016).
Islam et al. (2005} mentioned that tray requirement, number of
seedlings dispensed per stroke and missing hill during transplanting
operation were subjected to the seed rate and uniformity of seedling
establishment.
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Seadlings, no. tray !
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Seed tate, g tray™!

Fig. 1 Effect of seed rate on seedlings density

Seedlings mortality

Figure 2 shows the seedling mortality in respect to various seed rates
of bwo rice varieties. Both the number of seedlings in bray and
mortality were increased with the increase in seed rate in tray
preparation despite varietal difference. Positive: correlation was
observed between seedlings density and mortality (%) for various
seed rate. The number of seedlings in tray was less for BRRI dhands
than that of BRRl dhan28, perhaps duwe to vanation of seed
germinaticn. High density seedlings influenced slender and low
density produced plump seedlings due to micro-environmental space
facility.

BRRI dhan2a

Seedling density Mortality 228
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Fig. Za Effect of seed rate on seedlings mortality
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Figr. 2ly Effect of seed rate on seedlings mortality

Seedlings quality

Seedlings mat prepared by the farmers were varied in height, density
and color due to management skill of the respective farmer and
irrigation facility in different nursery locations. Seedling height at 15-
20 DAS (Days after seeding) was varied in 10-15 cm, color ranged
from yellowish green to light green and the seedling density in tray
ranged between 3000-5000 no. tray-l Abeut 4000-4500 numbers of
seedlings were observed in 66% travs (Fig 3). Seedlings density less
than 3000 seedlings tray! cavused excessive missing hills and hence
rejected  before use. Color of the seedlings depended on the
application of sufficient irrigation water to the seedlings trays.
Farmers used ponds, low lving areas, drainage channels and plots
having 2 cm standing water as nursery management. The quality of
seedlings in trays could be improved by accelerating diffusion of
mechanical transplanting technology through extension programs
and repeated practice session.
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Seedlings carrving

Mal formation was good in late bero season due o warm environtient
in the day time. Carrying of seedlings from nursery to field was a
labor intensive work as the plobs were far from the nursery location.
Seedlings were carried by making roll and less space was requited to
transport in van (Photo 4). Seedlings mat was carried in head and
shoulder from road side to main field. Truck may be used by carry the
seedlings mat if the nursery location is far away from feld.

Phote 4b Seedlings transportstion
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Transplanter performance

The performance of the transplanter was depended on the size of plot,
soil settling time, frequency of loading mat, time required for carryving
mat, turning. loss, operator and laborer’s skill, transplanting layout
and machine breakdown or clogging (Islam &t al., 201 5).

Forward speed

Forward speed was depended on the puddled condition of the field,
operator’s skill and ultimately influenced on field capacity. Puddled
field condition and operators” comfort observed to vary with soil
settling time (Fig. 4). The forward speed of the transplanter was
obtained 1.79 km hrt in less interrupted plots (ie obstacles in plot,
irregular shape) which was similar to that reported by Islam et @l
(2006a), Plots that were puddled at the same day of transplanting
observed to reduce 5.84% of the maching speed than those plots
which were prepared before 24 hours or more. Loose mud in
inmediately prepared plots increased slippage of lugped wheel and
reduced operator's walking speed as well as forward speed, Dixit o
al. (MW7) stated that the soil settlement period depended on the
maching and sml type: They mecommended that for manually
opetated machine, the soil settlernent period should be about 24 hours
for: heavy soils: The puddled field condition largely affected
operator’s comfort as the machine was walking type. Due to poor
understancing of the farmers about machine transplanting, most of
the plots were not puddled at the same day of transplanting. This
problem could be solved by synchronizing tillage and transplanting
operation done by the same service provider,
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Field capacity
Plot sizes were varied in the study area ranging from 250 to 2600 m?
(Fig. 3a). Most of the plots (536%) under this study were ranged from
250 750 m?. Field capacily was varied on the size of the plots {Fig. 5b).
Flots belong to 1000 m? or higher seemed to attain field efficiency of
72% ot higher with a field capacity of at least 015 ha he'. Field
capacity was very low for the field size less than 250 m?. Larger plots
were favorable in increasing daily area coverage than the smalfer
plots. Smaller plots were not favorable to operate transplanter and not
possessed economic feasibility. Plots that were nol leveled properly
caused rigzag of transplanting hine. Field capacity could be improved
by maintaining water height of 1-2 cm in puddied field at the time of
transplanting, operating transplanter in lengthwise and removing
obstacles, Small plots having less than 250m? should be avoided for 4-
row walking type transplanter. [slam ef 4l (2015) reported that Held
sizes less than $00 m? should be avoided to get the good performance
of 6-row riding tvpe transplanter.
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Fig: 5 (a) Plot sizes in the study avea () Fleld capacity in respect to plot sizes
Turwing loss
The length of plots available in the study area was mostly between 25

to 55 m (Fig. 6a). The loss time during turning in headland depended
on the frequency of turning, which was affected by the plot lenggh, As
per abservation, turning loss was reduced with the increase in plot
length (Fig. 6b). The turning loss was abserved five times more in the
plots having the length of <25 m than that of 45-55 m which could be
used to cover an additional area of 0.04 ha at the same timelIt is
preferable to choose the plot length having more than 25 m for getting
the: reasonable machine performance especially 4-row walking tvpe



tice transplanter. Figure 10a presents the effect of operation path and
L/ W {Length-width) ratio of plots on the number of turning events.
The total number of turns depended on the LW ratio of the plots and
transplanting path (length or width-wise). The L/W ratio for 80% of
the plots was observed 1.5-25. The least number of turns were
obsetved for LW rafio of 2-25 and length-wise transplanting. With
the increasing of T/W ratio, number of tuming events reduced in
length-wise operation and increased in width-wise transplanting lay
out. Tanivama (1975 mentoned that the operation  efficiency
increased with the increase in LW ratio, The transplanter should be
operated in length-wise of the plots to reduce the turning loss. The
turning loss could be minimized if the plot length was higher than
15m and the operators have good skill. Field capacitv was influenoced
by the plot length and increased with the increase in plot length due
to less ‘turning loss (Fig. 7b). Besides plot length, urning time was
also depended on the operator’s skill and shape of turning point and
varied 4 to 10 sec in each tuming events (Photo 3).
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Phote 5 Turning in plot

Plat length

Length of o plot determined the frequency of huming events during
transplanting operation. Larger plots offer higher forward running
pitch between two turning events and less occurrence of turming
events reduced percentage of huming [oss up to 19% with increase of
length {Fig, 8),
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Shape
Most of the plots were of rectangular in shape. About 10% of the plots
had irregularity of shape in a range of 1 to 3% of its area. The
irregularities were due to curved aisle and presence of femporary or
permanent object in plot {Photo 6).

FPhoto & Irmegularity in shape

Field efficiercy of transplanter in irregular plots was 8% lower than
those to regular or reckangular plots without comprising any obstacles

(Fig. 9.
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Pocket area

Small areas were observed beside large plots ranging from 40 to 120
in?, considered as pocket area {Photo 7). In such areas, forward pitch
was very small (£ 10 m) and field capacity was (.11 ha hrt. Machine

cannot perform satisfactorily in pocket arcas, hence should be
avoided.

Phioda 7 Pocket area

bstacles

(hstacles observed in the fields were of bwo types, e permanent and
temporary of seasonal. Rural infrastructures (e.g. electric pole) are
frequently observed in the field cocupying (L5 to Bin? area and cannot
be coverad by the machine (Photo 8a). Seasonal obstacles are mainly
residues of the previous crops and garbage stacked at the middle of
the field for decomposition (Pheta 8b). Presence of obstacles in the
field took travel of the machine consequently spending extra time to
perform transplanting and caused extra fuel consumption.



a) Permanent uhstﬂcie b} Temporary ohstacke
Phitor & Obstaclos in the field

Frel consumption

The rice transplanter consumed fuel in the range between 3.5 o 5.0 L
ha? depending on the number of turning in plets. (which further
depends on plot size and shape), distance between plots and
additional travelling by the machine (Le. travelling from machine
shed. to field and from field to cleaning facility). Fuel was fully
utilized in easilyv accessible regular shape and large stre plots because
of high field capacity (Fig. 10). Distance from one plot to another
cansed additional fuel comsumption of the machine, The average
distance traveled during transplanting operation was 0,13 km day L.
Fuel consumption of transplanter in travelling was obtained .33 L
kmt (Fig. 11}, Foel consumption would be lower when adjacent plots
in the fields were transplanted sequentially.
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Water level

During transplanting time, sufficient water should be available in the
Feld, Excessive water height increased the foating hill during
transplanting. If soil is not properly soaked, the mud sticks with the
whesls and -difficult to- maneuver the transplanter machine. Water
height should be maintained 1-2 cm for proper anchorage of the
seedlings and easy 1o maneaver the machine.

Tray requirement

Tray requirement in transplanting is an important measure of input
and directly contributes to the input-outpul ratio of transplanting
operation. Table 5.2 shows the tray requirements in transplanting and
gap filling,

Effect of seedlings density sciting onthe wumber of seedlings
dispensed per stroke

The number of seedlings dispensed per stroke of fork anm is.a vital
determinant of tray requirement rate in transplanting operalion.
Selection of the density setting was depended on the tray conditions
(fe: number of seedlings tray*). Trav requirement varied from 153 to
222 trays ha'! depending on the seedlings density, uniformity in tray,
density setting of maching, seedlings dispensed per sfroke in the field
and number of ay required for gap filling. I[slam ef al. (2015)
mentioned that tray requirement in each plot was influenced by both
the seedlings density in tray and the density setting in machine. The
number of seedlings dispensed in each stroke of picker fork can be
controlled from the density setting panel of the transplanter, Higher
density setting allowed mare seedlings dispensed per hill causing
higher tray requirement. The density setting in machine usoally set on
the basis of seedlings density obtained from travs, Setting 3 was the
most frequent selection and 5-6 seedlings were picked up in each
stroke. In addition to the densitv setting, the number of seedlings
dispensed in each stroke of picker fork varied for different varieties,
Farmers should understand that one healthy seedling is enough te
attain the effective hill. Tray requirement can be optimized by
adjusting the seedlings density setting of the machine.

Gap filling

The tray requirement was posibively correlated with the density
getting i machine and negatively correlated with missing hill (Table
2), Missing hill was observed more when density set to. 2, The
possibility of missing hills reduced with higher density setting as



more seedlings (53-6) dispensed per stroke mitigating random gap of
seedlings in tray.

Table 2 Effect of seedlings densily setting on seedlings dispensed in each

stroke
Mumber of seedlings Density setting
dispensed stroke 5 3 3 = 7
<3 13% 8% (% 4% 2%
34 2% 9% 13% 9% B
-6 12% B83% 75% % 13%
-8 13% 67%  77%
Tray requirement, no. ha? 153 163 186 1% 2212
Missing hills, % L] 3 3 2 =2

Effect of seedlings tnteroal setting

Tray requirement also depended on the space setting and seedlings
dispensed per hill in the field. Tray requirement increased with the
incTease in space setting. At space setting of 21530 cm, 1 m? of
seedlings area can transplant 331 m? areas in the feld (Fig. 12).
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Fig, 12 Effect of plant to plant space setting on field ares coverage

Seedlings dispensedin each stroke

The varietal difference caused variation in the seedlings density in
tray (Fig. 13) which consequently affected seediings dispensed per
stroke. At the same seedlings density setting, higher seedlings density
in tray for BRRI dhan28 caused more seedlings dispensed per stroke
than that of BRRI dhan48.
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Seedlings tray distribution

Tray requirements during transplanting were categorized as fray
required in mechanical transplanting, gap filling and pocket area
Alling (Fig: 14). Almost 90% of the travs were used in transplanting,
Tray requirement in ransplanting operation was vitally affected by
the variation of seedlings density i trayvs. Amount of trays required
in gap filling was largely affecked by the seedlings density in trays
and density adjustment in the machine {lslam et al, 2005). Besides,
extra laborer was required for gAp falling. Tranﬁplanting in pocket
area required almost double Bre because of frefquent turning events,
and tray slots unloading time for row adjustment.

g5 % » Transplanting
» Pocket area

= Gap filling

Gl

Fig. 14 Sesdling tray distribution

Time distribution

The total time distribution was categorized under two groups; daily
and plot activibies (Fig. 15). Time distribution in plot was further
categorized onder Hme required in transplanting, turning  and
cleaning, The operation time depended on the skill and expetience of



the operator and laborer, Total mal loading {ime depended on the
frequency of Ioading mat (which was further affected by seedlings
density in tray and seedlings density setting in machine), ability of
proper placement of seedlings mat around the border by the laborer
and ability of operator to decide where to load mat. Mat loading near
the border required less effort than at the maddle of the plot. Mat
Ipading time could be reduced by good coordination between
operator and labarer. On average, 6% of the time was spent as turning
loss due to irregular shape and sizge of plots. The total turning Hme
vequired in a plot depended on the number of turning events
occurred ina plot. Occurrence of loss time was caused by slippage of
lugged wheel, bending  of transplanting lines during  forward
moverment and low forward speed in loose mud, Time required for
cleaning (de-clogging) mud and garbage from the tray shifter
depended on the frequency of dogging events. Plots which were not
puddled and leveled properly with residues of previous crops faced
such problem more frequently than clean and properly leveled plots,

Daily work time depended on the availability of prepared land o be
transplanted on that day. [dbe time was observed as the second most
time consuming category in the daily time distribution, was
completely a managerial function. Idle time could be minimized if the
plots were properly ready (puddled and leveled). Plot to plot
movement time (3%) in the present study was less (19%) than as
mentioned i Islam et ol (2005) due to the plots were nearer to each
other. Besides the operation and idle time, additional time was spent
in moevemnent because of plots were far from one plot to another,
Cleaning time ranged between 15-33 minutes in each day depending
on the availability of water source in thie Field (Phote %), Transplanter
performance was observed to be improved by reducing less time
applying proper transplanting layout, minimizing tray carrying Hme
by keeping sufficient tay in the specific side of the plot, ensuring
property puddled field with sufficient time for soil settlement amnd
avoiding irregular shape and pocket areas.
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Pleoto 9 Machine cleaning fram irrigation pump
Farmer's choice on variety

Among the two varicties, BRRI dhan2B was more preferable to the

farmers because of color, density and height of the seedlings in trays
(Fhoto 10). Root formation of BRERI dhard® was better than BREI

dhan28 and number of seedlings per trav was varied in the same
mursery due to variation in germination.

- .

BRRI dhans b 1) BREI'dhand8

Photo 10 Effect of varicty on seedhings characteristics



Crop establishment

Poar crop establishment is usually cawsed by dense population and
random spacing. Proper establishment demanded optimum spacing
and number of seedlings per hill,

Plant to plant spacing

Plant spacing is the major driving fackors affecting productiviey. The
distribution of plamt to plant spacing in mechanically transplanted
plot {Fig. 16). Transplanter was operated in three plant to plant space
setting (185, 20 and 21.5). In actual field condition, plant spacing was
not confined on the setting value due 1o slippage and skidding of the
transplanter. Soil settlement in  immediately puddled soils also
influenced the plant to plant spacing. The distance between plants
determined the tray requirement in a transplanting operation and
controlled by the space setting options depending on the seedlings
density in trays. In mechanically transplanted plots, plant to plant
spacing was obtained between 17-20 cm which was depended mainly
on sail type, soil settling time, water height and depth of puddling
(Phato 11a). In manually  transplanted  plots, plant spacing was
observed 27 * 25 om (Phote 110).
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a. Mechanical transplanting b. Hand transplanting
Phioto 11 Mechanical and hand transplanted field

Hill density

The number of hills obtained in the transplanted field was affected by
the plant to plant space setting and puddled condition (Fig. 17). Crop
establishment in the field was denser in plots transplanted in the
same day (26 hrs) of puddling than after one day (<24 hrs), perhaps
due to slippage of the wheels.

ED -
W185cm

W20 cm
LA cm

Hill denisty, m?
red -t
e - o

1 1 ]

=
Il

=
!

=G =24

Soil settling time; hrs
Fig. 17 Hill density i sespect to soil settling time

Both the plant to plant and line to line spacing contributed to hill
density in the field. Hill density affected the plant growth, tiller
formation and yield, Hill density achieved by three space settings in
rice transplanter was mostly around 17 hills m-2in a range bebween
16-19 hills m® (Fig. 21). On the otherhand, hill density in manually
transplanted  plots was at least 8% less than the mechanically

transplanted plots.
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Effect of plant spacing on grain yield

The line to line spacing was fixed to 30 com and plant to plant spacing
can be varied in mechanical transplanter. During transplanting, three
seedlings interval setting (185 = 3, 20 = 30 and 21.5 = 30 cm) was
applied from space setting panel of the transplanter. Yield data of
those plots in respect to space setting were compared with manually
transplanted rice. It was observed that vield was slightly increased
with the increase in plant to plant space setting (Fig. 19). El-Kassaby ot
al. {(2012) conducted Held experiment on plant dénsity and seedlings
age on two cultivars in Egypt and observed that the highest values of
all traits were recorded when using Egyptian Hybridl cultivar,
yvoungest seedlings age (15-day-old) and widest spacing between hills
(30 = 30 em). On the other hand, the lowest values were recorded
when using Giza 178 cultivar, the oldest seedlings age (25-day-old}
and closest spacing between hills 200 = 20 ¢m. The vield varation was
occurred not only by the variation of spacing as there were many
other factors (eg seedlings quality, post bansplanting  crop
nourishment, insect infestation, etc). Plant spacing set by machine
could not be maintained in the field doe to variation of soil tvpe,
puddle condition, soil settling time, plow pan and water height. Data
on actual plant spacing was collected immediately after transplanting
from each field and corresponding vield data were recorded after
harvesting (Fig. 20} In BRRI dhan28, yield variation was observed
among different plant to plant spacings. However, in BRRI dhands,
vield variation showed inconsistentdue to variation of plant
spacing. The seedlings age was higher in traditional than mechanically
transplanted rice. The existing spacing seemed to be higher than the
BRRI recommended spacing of 25 #1535 cm. Tillering ability was higher



Mechanical rive transplanding

in tender age seedlings and more spaces were required to grow.
Pasuquin et al. (2008) reported that tiller production could be
optimized by transplanting seedlings at younger ages.

The masimum number of tillers produced by the rice plant was inversely
proporticnal to the length of the phyllochron (Katayama, 1951; Nemato ef
., 1’9‘15}, which was depended upon the extent of stresses. Wider spacing,
availability of solar radiabon, mediom temperabine, soil seration, and
rutrient supply promoted shorter phvllochrons, which increased the
number of tillers in the rice plant (Anonymous, Z04L The results
supported. that there was no yield penalty on the use of wider space
sefting (21.5 cmy) in mechanically ransplanted rice. OF course, there msst
have boundary limit of plant spacing on grain yield. From commercial
point of viesw, it was very much imporiant 00 redoce the seedlings: tray
rexjuirernent in each area of transplanting to make the business venture

profitable. Use of higher spacing reduced the seedlings tray requirermsnt
(Islarn et af., 20L5).
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Effect of transplanting method on grain yield

Among the different factors responsible for realizing potential yield of
rice, the transplanting time, methed and seedlings age at the time of
transplanting are important non-monetary inputs. Seedlings age al
transplanting is an important factor for uniform stand of rice
(Faddalia, 1980). Mechanically transplanted tice produced 4-6%
higher grain vield than the hand transplanted rice for both the variety
due to use of tender aged seedlings (Fig. 21). This result is in
aceordance with the findings of Islam {2016) and Islam et af. (2006b).
Makarin ef af. (2002} stated that the performance of tender aged
seedlings showed better than older seedlings. Tillering influenced the
panicle intensity as well as grain vield of rice (Quyen ef af:, 2004).
MeHugh et al. (2002) and Thivagarajan et ol (2002} observed that 515
days and 10-day-old seedlings transplanted at 25 hills m~2 produced
the highest grain yield in Madagascar and Sumatra. Krishna and
Biradarpatil {2009) observed high grain yields of 3.25 t ha? with 12-
day-old seedlings than 8-, 16 and 25-day-old seedlings and the yield
decline of seedlings of latter three ages was primarily attributed ro the
reduction in the number of tillers. Younger seedlings could relieve the
transplanting stress'in a shorter peried of time compared to that of
older seedlings (Yamamoto ¢f al.. 1998) due to the higher nitrogen
content in the former (Yamamoto et al., 1998), and the plants” ability
to faster resumption of the rate of phyvllochron  development
[Anonymous, 2004},
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Figz, 21 Comparative viehd scemario of mechanically and hand transplanted rice

Labor pequirement

Table 3 shows the labor requirement in transplanting activities. Labor
requirement in transplanting was crucially related to the Held
capacity of machine. Only 19 man-hr! ha' was required o perform
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transplanting, carrying and leading mat in the field, Labor
requirement in gap filling was obtained 20 man-hr ha'! to cover 2%
missing hill. Labor requirement in cleaning was not varied over arca
coverage, nonetheless depended on the mud attached on the machine,

Table 3 Labor requirement in transplanting activity

Activily Labor type man-hr
har!

Transplanting Orperator 15

Mat carrying, loading Skilled laborer 1

Machine transport (plot to plot]  Operator .30

Cleaning Skilled laborer rn

Gap filling (2%) Traditional laborer 20

Cost analysis

Cost of Fransplanting

Transplanting  cost includes fived and variable cost. Fixed cost
includesthe machine purchase cost, depreciation, salvage value,
interest on investment, repair and maintenance (R & M). Yearly fixed
cost also depended on the annual anea coverage and reduced with the
increase in annwal area coverage. Variable cost included fuel,
transport, operator’s charge and labor wage, Cost could be saved by
reducing loss of time and travelling distance as well as fuel
consumption and increasing daily area coverage. The relationship
existed between transplanting cost and field capacity {Fig, 22), As
mentioned earlier, feld capacity depended on the plot size and shape,
Regular plob size reduced the loss of time as well as fuel cost hence
increased the field capacity and decreased the transplanting cost.
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Cost comparison between manwal and mechawnical bransplanting

The cost of seedlings raising in trav and long mat was 46 and 11%
higher than the traditional seed bed preparation (Fig. 23). Mechanical
transplanting using tray and long mat seedlings saved 4 and 13% cost
compared to hand transplanting using tradition seedlings.
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Fig. 23 Cost of seedling raising and transplanting

Constraints in transplanting operation
The fellowing constrainls were observed during commercial
operation of the rice transplanter.

Fragmented land sizes

Absence of passage for machine movement in field

Various types of obstacles in the field

Farmers in rural area lacks in adequate knowledge amd
nursery management skill for preparing good seedlings travs
Farmers have the tendency of wsing more seed rate and
application of chemical pesticide and Ffertilizers to enhance
seedlings growth

Flastic trays for seedlings preparation are not available in the
local market

The socio-economic culture of the farmers s usually against
new technologies

Lack of knowledge and experience inoperating the rice
transplanter .

Farmers were worried aboeut the crop establishment and vield
due to use of tender aged seedlings
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s Transplanting schedule often broken down or delayed due to
delayed land preparation, seedlings age and farmer’s attitude
toward Hmely transplanting

» Load shedding delaved the irrigation water supply for
puddling the land

»  Picker frequently jammed due to dry seedlings mat

= Farmers often tried b delay or escape from paying fees,

Suggestion for the entreprensur

Business friendly transplanting operation could net perform in every
land size with low skill operator and poor management,
Entrepreneurs must be aware of the critical points of operation which
could Iead the task to a complete failure,

Land selection

For efficient transplanting operation, land size ‘has to be greater than
400m?, shape has to be rectangular and lerygth-width ratio has bo be as
higher as possible, Contracts for transplanting could be based on
irrigation command area from a pump via ‘water-lords’ to obtain
plots belonging to the same field: Flots have to be selected based on
the accessibility of machine,

Seedlings density and uniformity

Seedlings tray requirement depended on the seedlings density in tray
and uniformity of seeding. Tray requirement per heclare could be
decreased by using high density seedlings trays (25000 seedlings trav?),

Crpperptor

Properly trained operator should be recruited and instructed to
minimize turning loss and missing hill, reduce tray requirement and
avoid free run around the plot:

Menagewent

Managﬂ.m&n‘t largely affected the transplanter performance and
satisfactory arca coverage. Arrangement of materials like seedlings
trays and fuel should be available in the fields before proceeding to
main operation to avoid idle time. Transportation of machine from
warehouse to field, additional laborer bosupport eperator for carrving
and loading mat, transferring machine from one plot to another are
essential parts bo arrange during tranﬁp]anﬁn.g service, Attrachve
presentation of the deal could increase number of interested farmers
to avail the service.

The study was performed to explore the entrepreneurial opportunity
of commercial mechanical rice transplanting service for small holder
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in Bangladesh. Effective use of transplanter machine, proper raising
and good nourishment of seedlings and decent tray management of
from farmer’s nursery to the field were found as the major impact
points and should be carried cautiously to obtain successful business
environment on small scale transplanting service. Skilled and
experienced operators have to be recruibed and larger plots having
uniform shape has to be sefected to uphold the machine performance,
Plots have to be selected that belongs to same field or adjacent to each
other. Scattered  plots  increased travelling  distance  hence  fuel
consumplion raised and reduced daily area coverage, Soil setting time
has to be allowed for 12-24 hrs. Missing hill can be avoided by
carefully selecting density setting. Number of turning events in plots
can be minimized by selecting larger plot and operating transplanter
in length-wise, The field capacity and field efficiency of rice
transplanter was obtained 015 ha het and 72%, respectively. Fuel
consumption was obtained 5 L hat and varied over plot gize, soil
setthement time, presence of obstacle, plot to plot travelling distance
and operators skill. The tray requirement depended on the
combination of seedlings density in tray and density setting in
machine. Tray distribution observed as 90% in fransplanting, % in
gap filling and 4% pocket area. Gap filling by manual fabor required
I8-20 man-he hal. Time distribution depended on managerial
combination and relation between transplanting team and farmers,
Most of the time was spent as idle Hme due to poor preparation of
plots, Seed  rate showed negative correlation  with  seedlings
population in tray and positive correlation with seedlings mortality,
Mechanical transplanting took 18 man-hr ha' whereas mat loading,
machine transport and cleaning ook 1.6 man-hr hat labors. Small
plots having less than 250 m? have to be avoided for 4-row walking
type rice transplanter to get the good machine performance.



CHAPTER V

BUSINESS CONSIDERATION

The entreprencur must be aware of the following glimpses for
successful operation of mechanical vice transplanting business,

Sefection af transplanter
»  Walking type
« Riding tvpe
Fuel parameter
»  Diesel engine
*  Pelrol engine

Mumbrer of fransplanting rotws
. drows = frows e B rows

Seed parameter
*  Seed germination (>95%)
»  Seed selection (removal of unfilled grain)
«  Seed (reatment (Autostin a.i. carbendazin)
s Seed soaking time (24 hre)
s Seed sprouting time {depends on temperatung)
*  Proper seed rate
130 g For bold grain
148} g for medium and slender grain
120 g for extra-lung and slender
s Uniformity of seeding
Soil paranreler
»  Fertile snoil
+  Clod breaking
s Hemoval of stone, stubble or grass
s Soil sieving
= Mud can be used in rainy dayvs
MNursery management parameter
» Availability of sunlight, land and labor
= [Irrigation and drainage facility
«  Protection from poultry, bird and animal
s Management of pest infestation
s Management of nutrient deficiency
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Seedlings mat parameter

hlat thickness (2.5 cmy)
Seedlings height (10-12 cm)
Seedlings density (=300 seedlings per tray)
Uniformity of seedlings
Seedlings color and vigor
Proper root formation
Rolling capacity of mat
BRRI dhan?8 and BRRI dhan?9 required 25 and 30 days,
respectively for proper mat formation due ko cold
Seedlings age
12-15 days in aman and qus seasom
o 25-Mdays in bore season

Field parameter

Accessibility of machine to the field

Avoid small size (<250 m?)

Rectangular shape of plot

Avoid irregular shape of plot

Plot fength has to be more than 25 m
Length-width ratio should be more than twa
Sail bearing capacity

Must have plow pan to avoid sinkage of men and machine
Less turning events

Obstacles in the field

Irvigation and drainage facility

Land preparation

Before tilling, inundate the plot with 5-& cm of water for well
soaked

Dicompose the biomass

Well puddled by tractor/ power tiller rotavator

Depthof puddiing (<10 cim)

Land leveling (degree of flalness would be £5 cm)

Machine pavameter

Depth adjustment

Seedling density adjustment

Plant to plant space adjustment

More options on plant to plant space setting



Busirsss consideration

Repair and maintepance

s As per instruction manual

= Tightening loose nut-bolts

«  Greasing the moving parts

»  Hydraulic oil level and quality

s Mobil level

* Lubrication

*  Rust prevention

*  Picker movement

s Replacement of picker due to decay

# Clean the transplanter after each day operation

= Availability of most frequently damaged parts
Fixed cost (indepentdent on hourly usel

# Purchase price

«  Depreciation

» Salvage value

= Interest on investment

s Repair and maintenance cost

= Shelter
Variable cost (depends on owrly use)
s Fuel cost
*  Lubrication cost
» Laborcost

= Minor repair and maintenance cost
Transplanting operation
o Sufficiently wet sail
»  Drainexcess water
«  Water height (1-2 cm)
= Soil settling time (= 24 hrs)
»  Sufficeint water to prevent soil sticking on the wheels.
* Adjustment on depth of seedlings placement
#  Adjustment on plant to plant spacing
o Adjustment on the number of seedlings dispensed in each stroke
= Operate machine in the nearer plots to reduce movement time

Muonitoring transplanter performance
» Planting geometry
= Headland operation
*  Fuel consumption
o Seedhings tray requirement



o MNumber of seedlings dispense in each stroke

s Floating, missing and buried hitl

= Areacoverage ineach day

»  Theoretical field capacity

= Effective field capacity

o Travelling distance from machine shed to field
»  Length wise operation of the transplanter

Oither Hips
o Availability of spare parts
»  Fuel stock in the field
»  Seedlings tray loading and unloading
»  Skilled operator and labor
# Skilled an head land transplanting
#  Slow movement of the transplanter

Straight line transplanting

DP438 moedel has fAwve markers. Marker iz vsed fo maintain the
straight line transplanting. Center marker is situated on the top of the
transplanter body, Operator’s vision should be concentrated on the
center mark to maintain the transplanting hne straight way. Another
bwo markers are placed on the rear of the transplanter and controlled
by lever to make position of the markers, These markers are used to
make scratch on the land, which facilitated the operator to mainkain
straight line transplanting in the next um, Another two markers are
situated on the float. These markers should be placed on the nearest
posttion of the transplanted seedhings. It would not be wise to operate
transplanter without wsing marker, Straight line transplanting is
preferable to the  fammers. Farmers do not accept the zigzag
transplanting.

Transplanting operation

Twe types of transplanting layout can be-applied to the fields, which
were breadth and lengthwise (Fig. 1), The transplanting layout in a
plot depended on plot shape and barriers around the plot, Barriers
could be ponds, electric poles or adjacent plots having different crops.

146



Busirsss consideration
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Fig. 1 Transplanting layout
Transplanting in headland
During operation, Ul turn was taken at the end of each line putting
pickup forks inactive at the headland (Fig: 2a). In case of side turning,
the machinge is tumed, pulled back, made position and stavted to

transplanting (Fig. 2b). Headland transplanting was done after
completion of main land transplanting.
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Covering any mumber of rows in field

The mumber-of rows covered by transplanter is four. [t is suitable for
the machine to cover any number of rows multipliable by 4. When the
numbers of rows are not multipliable by 4, rows are adjusted by

keeping trav slots empty (Fig. 3.
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Fig. 3 Operational procedure in any row number

Cperator skill

Successful operation of transplanting largely depends on operator's
skill. Lack of skilled operator can cause zigzag line, missing hill, time
loss and extra fuel consumption (Photo 1), Zigzag line and missing
hill created negative impact among the farmers about mechanical

transplanting.



Busire=s conssderation

Photo 1 Transplanting by different operators

Maintenance of the transplanter

Maintenance work of the rice transplanter mwust be done regutarly to
ensure ecenomical, efficient, and safe operation (Photo 2). As a new
miaching, mobil was drained out and. changed after few hours of
operation, Transplanter was covered by polvthene to protect from
dust. Loss time; breakdown, wear and tear will be redoced by
servicing at the specified time. Rice transplanter should be cleaned
thoroughly at least once in a year, when it becomes excessively dirty,
Following steps are important for long term mainbenance:

Machine should be checked thoroughly based on operator’s
manual,

Moving parts should be lubricated as per need before
proceeding to main operation.

After completion of transplanting, the machine should be
washed and dried.

For engine maintenance, all fuel is drained oot IF fuel is
remained it will be evaporated in the fuel tank or carburetor, Tt
makes difficult to start,

The fuel cock should be closed.



Phiota 2 Maintenance achiviby

Problem and probable solulion

Problem
Low sofl hetght in tray

Low seed rate

Excescive seed rate

Low seedlings density

High seedlings density

Low water hei ghr

Solution

LUnable to form proper bonding. Reduce the
gap of seedlings holder to hold the seedlings
Low seed rate created patchy  seedlings
ultimately  increase  the missing  hill.
Seedlings density sedting in high position
may soive the problem,

Excessive seed rate increase the seedlings
mortality although the number of seedlings
in each tray was increasecd.

Low seedlings density increases the missing
hill. Seedling density setting should be in
high position te regulate the optimum
number of seedlings dispensed in each
stroke.

Seeding density setling should be in low
position to regulate the optimum number of
seedlings dispensed in each stroke,
Seedlings are unable to anchor properly in



Excess waber level

Land condition is dry

Low seedlings height

Excessive  seedlings
height

Jarn in picker fork

Picker worn out

Busirsss consideradion

the soil due to low moisture content of soil,
Water level should be maintained at 1-2 cm.
Excessive water height in the field creates
floating hill due to water wave during
operation fransplanter.

Umnable to anchor the seedlings in dry land,
which creates more missing hill.

Seedlings having low height creates muore
bured hill. Depth of seedling placement
should be reduced by setting the depth
contral lever in lower position, Seedling
height should be 10-12 cm.

Seedlings height should be less than 17 cm.
Otherwise cutting of the seedlings height is
needed to less than 12 cm,

Ficker may be jammed due to straw and
gravel attached in the picker during
transplanting, Remove the straw frem the
picker,

Picker decayvs due to continuous operation.
Replace with new one.



CHAFPTER VI

BUSINESS MODEL

Establishment of a transplanting service and further sustenance is not
a simple process, but involves versalile activities and approaches
which are essential for running the transplanting business for the
small holder farmers.

Importance of business model in farm machinery diffusion
Agriculture in Bangladesh has its challenges for poor infrastructure in
rural aneas, complex social formation comprising wide range of
classes and points of views and insecure business environment due to
weak national policy. Most of the farmers have limitation of funding,
fragmented land holding, adoption to néw technologies keeping
mechanization  beyond  reach. Still, challenges come  with
opportunities. Business model guides challenges to opportunities.
Determination of optimum valee chain of agricultural machinery
suiting to low income farmers and establishment of safe environment
for investment by entreprencurs is essential to extract the most from
limited resources. Usage of custom-hire model for power. tiller,
tractors, and power threshers hawve already been successiul in
establishment of good business (Fig. 1).
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Adoption of business model in agricalural business ventures has
been a well-accepted trend in corporate community of Bangladesh.
Business model is an integral part of economic and trading practices
since ages. The concept has gained its identily in mid 19%0s (Zott of al,
2011), It represents an organized form of plan articulating revenue
source, identification of target customers, operational design, product
clarification and details of financing, 1t is the idea implemented by a
company te generate revenue and make a profit from operations (Zott
et al, 20000 Business model also describes how a business venture can
provide socially beneficial goods, services or livelihoods and recover
its costs (Kubzansky, 2012). From a proper model, perspective on
market acceptability of commercial agricultural operations could be
forecasted and steps essential for risk mitigation could be taken beforne
launching any business venture, Business model innovation can itself
b a pathway to competitive advantage if the model is sufficiently
differentiated and hard to replicate for incumbents and new entrants
alike {Teece, 2010). It should outline how the enterprise creates and
delivers value o customers, and then converts payments recetved o
profits,. To profit froim new  innowvation  like commercial rice
transplanting, business pioneets need to excel net only at product
innowation but also at bosiness model design, understanding business
design options as well a8 costomer needs and  technoelogical
lrajectories,

Business planning

A business plan defines goals and objectives of the business venture,
Initially, the process starts with idea generation followed by
incubation of the idea and in final stage, leading to commercialization
of that business idea. These steps are rigidly interlinked and needaed
Lo handle cautiously,

Problem identification and solution

The problems and prospects of mechanical bransplanting  were
collected by observing field operations and interviewing farmers in
some areas of Bangladesh (Islam ef ol . 21 7h). Table 1 summarizes the
problem and probable solution of the mechanical transplanting
activities.



Table'1 Problem and solution of mechanical rice ranaplanting

Problems

Salution

Can farmers order
for transplanting
readily?

Is it feasible ko
supply seedlings
trays from distant
warehouse?

Is it possible for the
farmers to prepare
seedlings trays
themselves?

Do the farmers
prepare land well
ahead before
transplanting?

Doy they podsess
interest to adopt this
technology?

Do they possess
interest of buying
seedlings trays for
Further use?

D the farmers pay

for the service on-
time?

Do the  farmers
return seedlings travs
i good condition

after tize?

Mo, they have to confirm order at least 30
days before in boro season, 20 days before in
aman and aus season

Mo, carrying of seedlings is not economically
feasible and quality of mat deteriorates while
transferring over long distances.

Yes, with little guidance of trained person,
farmers can raise good quality seedlings.

20% of the farmers prepare land well ahead of
transplanting. Monitoring is required to
ensure encugh soil settling Hme,

Yes, B0% of the farmers understands the
advantages of adepting mechanical
transplanting and are interested to adopt the
technology

Wery few of them were interested in buving
seedlings trays for future use and the rest
were interested in using seedlings trays on
rental basis

Q0% of the farmers paid on time, 10% of the
farmer delaved. Such farmers could be
avoided by the help of leader farmer.

Yes, 90% of the trays were returned to the
warehouse in good condition, but the. rest
were broken or missing.
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SWOT analysis

In this step, idea is turned into realitv. The idea may be turned into a
pridduct only after making the idea stronger and more viable by
clustering workers together in collaboralive environments, Proper
identification of strengths and weaknesses of the idea results in a
stronger finished product. Table 2 presents steengths, weaknesses,
opportunities and threats (SWOT) analysis of the ideas incorporated
with the commercialization of the mechanical rice transplanting,

Guoals
Specific goals are required to set the performance largets. The goals
for small scale rice transplanting could be as follows:

» Toincrease daily coverage
»  To get seedlings trays prepared by the farmers
o Todevelop customer base comprising different groups

Strategy formulation

By the process of strategy formulabion, an entrepreneur chooses
appropriate course of action to achieve its goals, It provides a
framework for the actions that will lead to the anticipated results,
Distinct steps required for successful formulation of the strategies are
discussed below:

Development of entreprenenrship for trivy preparation

Lead farmer may be selected among the farmers who is early adopter,
understands the virtue of mechanical transplanting technology and
willing to learn and play the rele of entreprensurship in seedlings
preparation. The entrepreneur should be willing to buy trays, manage
other farmers to contribute and able o produce good qualiky
seedlings according to their requirement. In such case, role of
entrepreneur would be hmited in preparation of seediings. Farmers
will select variety and amount of trays themselves, FPlastic travs
would he suppl;&i by the entreprensur when farmers want to
purchase. The entrepreneur will provide the machine on rental basis.

Development of transpdanting culture in the same day

A trend should be developed among the farmer that all the plots in a
field should be prepared in the same day so that transplanting could
be done in adjacent plots in single travel of machine, Thus, travelling
distance would be minimized and daily area coverage as well as
operational capacity will be increased.



Table 2 5WOT analysis of ideas

Idea Strength Weakness Opportunity Threat
Seedling Risks with  Staff Scheduling ol Risks of
raising by allothing reguirement tray secllinggs
the: trays tothe:  increases to preparation wastage
entrepreneur  farmers are mainkain can be dene INereases,
minimized.  seedlings, according to. Cost
LUniformity Additional the demand. increases in
of seeding cost for Comparatively — raising mat
on travcan  leansporting easy o lype
be ensured,  seedlings THAnAEE seind linges,
Bulk tray from seedlings
preparation  entrepreneur’s  nussery,
can be NUTEETY to Seedlings
ensured by farmer's field  quality and
using seed  will be added  density
sowing ensured.
miachine,
Seedling Expenses Risk with Mursery Proper
taising by abid staff allobting trays  managemet preparation
the farmer requirement  to the farmers  cost is of seedlings
nf increases reduced. lrays cannol
seedlingstray  Varies seed be ensuned.
preparation. quality and
and carrving germination,
are
i e
Farmers
taize the
seedlings
according to
their onm
area
COVETAEE
Fee Builds a soft  Few of the Continuous Mizsing of
collection image of the . farmers won't  dealing is fee colleckion
after company pay during favored could b
transplanting and farmees  colleclion. increased
Fie Lollection of  Some farmers  Farmaers Possibility of
coellectionin teesis may not agree  would be less area
advance secured, o pay in sincereon COVETAEE
before advance. preparing land  under
transplanting well ahead of  tratsplanting
time, service
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Arrangentent of materials and resources

Proper arrangement of materials is compulsory to ensure that every
support service should be available at the right place on right time. [t
is the precondition of successful operation of the transplanting
service: The machine and logistic support shouold be available near the
transplanting feld to avoid tme loss, Manager should visit seedlings
mursery and transplanting field at the day before transplanting to
ensure that the seedlings trays and plots are ready for transplanting,

Commercialization
Commercializalion of small scale rice ransplanting only takes place
when the following aspects are distinctly clarified.

Place selection

Aregs with acute labor scarcity during transplanting should be
selected to start business. The location of launching transplanting
service could be in a single place or several regions depending on the
enlrepreneur’s resources, in lerms of capital, managerial confidence
and operational capacity.

Land selection

Machine performance largely depended on the plot size and shape
(Tslam, 2016). Smaller size of plot requires more furming events, which
inturn increases the fimwe loss. Irregular shape of plots also affected
the machine performance. 1t would not be wise to select the smaller
size (=400 m?) and irregular shape of plot to start transplanting
business.. Low lands where water remains stagnant  during
transplanting period have to be avoided carefully,

Target group

Early adopters, imnovators, heavy users and opinion leadeérs among
the farmers should be carefully picked out and put in the target group
at first session. This will aid in motivation to other farmers in
adopting rice transplanting service during the business growth
period,

Value proposition

The company should generate value for the farmers by combining
resources and other elements catering to their need. Values could be
quantitative (e.g. low price and fast delivery of transplanting service)
or qualitabive (e.g. post transplanting support).



Generation of value

In this case, generation of values could be achieved at two points. The
first point i providing rapid transplanting service at low cost, and the
second s to supply trays for seedlings preparation en rental basis or
selling. According to a widely used strategy, low wvalue could be
extracked from fhe high value input {which is the transplanter
machine} to initiate the necessity of seedlings trays to the farmers.
Then high value would be extracted from the low value input
(seedlings trays) and merging the total output.

Value factors

Price is the first factor that would affect service wvalues mostly.
Transplanting service offered by the company must help farmers to
reduce their cost fromt their usual practice, The initial pricing should
be as low as possible and fixed for a unit area of land. The unit of
pricing should be applicable to the convenient [and sizes. In
Bangladesh, agricultural land sizes vary in the range of 400-3500 m?,
There could be a minimum pricing margin.  Performance  of
transplanter machine and yvield of transplanted crops also affects
service value, The machine should perform without much breakdown
and must be ensured the crop establishment in the Field.
Transplanting quality is wsually measured by the percentage of
missing hill. Such missing areas should be immediately covered by
manual gap filling. Farmers won't be happy to do or manage labor
for gap filling after paying for the mechanical transplanting. Lead
time is apother measure in determining service values, [t is the total
time required by the company to transplant rice in the field from the
time of farmer’s order or booking. The lead bme largely depends on
the managerial capability of the company and should be as fess as
possible. Bringing new technology to the farmers is an important
value factor. In this case, value propositions will satisfy an entirely
mEw set of service that customers previously didin't perceive because
there was no similar offering,

Revenue streams

Proper cash flow relies onthe successful propesition of values offered
to the customers. Revenue stream is thus represents the cash, a
company generates from each farmer groups. In this case, business
micdel can involve two types of revenue streams:

Revenues resulting from one-time customer payments after

transplanting.
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b Hecurring revenues resulting [rom ongoing payments for
transplanting and post-fransplanting supports.

Budget

Budgeting for commercial rice transplanting involves fixed costs like
machine purchase cost, repair-maintenance and lubrication cost, staff
and logistic expenses and other miscellaneous costs, Varable costs
inchude expenses for spare parts and fuel costs, Expenses from broken
parts could oocur from hazardous situations and interlinked with risk
management. Fuel cost was kept out of the budget as it depended
directly on the area to be covered by the machine in a season and
cannot be predicted ta bring under a fixed frame.

Transplanting schedule

Mechanized rice cultivation in Bangladesh has been classified imto
three major ecosvstems based on season and seedlings age (Table 3.
These ecosystems are a) bore, b)) Transplanted aws (T, aws) and )
Transplanted amarn (T. anan). Boro rice is grown in the dry period
(Jamuwary to May) while T, aman (July to November) and T, aus (May to
August) in wet period.

Table 3 Transplanting schedule

Date Season Activity Transplanting
duration, days

March 1530 T, qus Seedling preparation

Agpril 15-30 T aus Transplanting 15
Jume 10-25 T.owman Seedling preparation
July 15-30 T. anman Transplanting 15
Dex: 1-15 Boro Seedling preparation
Jan1-15 Baro Transplanting 15
Tuotal 45

Performance indicators

Daily area coverage (ha day?) is the most significant performance
indicator for the business. Tocover a target of 13 ha (45 ha yr) in one
season, the machine would have to cover at least 1 ha each day. Fuel
consumption is the second most important factor which could be
outrageously higher when plots are scattered covering a large area.
The transplanting schedule should be formed in a way that plots
belonging to one area could cover at the same day,



Rental charge caleulation
The rental charge for unit (1ha) area is a function of machine price,
fuel, Tabor, shed, transport cost and annual usage.

Assumptions
Following assumptions are taken for calculating rental charge of rice
transplanber:

s Purchase price of the 4-row walking type transplanter is Tk
400,000

o Itz assomed that the machine 15 in good condition to perform
its task i same rate {ha hr-') without varying over its lifetime

s The bank rate for interest on investment is 12%

=  The repair and maintenance cost of rice transplanter is taken
as 5% of its purchase price

o The life of the transplanter is congidered six years

»  Fuel price is taken as Th 90 L1

s Crperator charge is considered Th 500 day!

»  Labor cost can fluctuate depending on location and labor
availability and taken as Thk 300 day-

Measuring only the hourly fxed cost doesn’t completely cover
practical situations, but the range of feld capacity availed in varying
field conditions (ie. land shape, siee, operator skill, soil settling
condition, ete) alse has competency to be taken into account while
caleulating cost per hectare. The accurrence of field capacity values
were plotted based on the field observation and found maximum
occurrence of events at 1715 ha hrt {Fig. 2. These values were used to
determine the annual area coverage and transplanting cost. Figure 3
shows the fixed cost and variable cost of the mechanical transplanter.
Fixed cost decreased with the mcrease of annual area coverage.
Entrepreneur will consider these two graphs to calculate the rental
charge of mechanical ransplanting. Rental charge of the mechanical
transplanting  service depended on the annoal and daily area
coverage, fuel and Iabor price; machine breakdown, puddled
condition, time [oss minimization and payback period. Islam {2016)
mentioned that at the initial stage of mechanization, transplanting
business would be profitable with 70% cash incentive and 30'% loan at
reduced interest rate to procure transplanter for the annual area
coverage of 30 hectare of land. Therefore, entrepreneur must be aware
to increase the annual area coverage in order to fix ap the competitive
rental charge.
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Limitations

The business model developed for small scale based on data and
attributes collected from one district. This model could impose
[ollowing limitations:

= The model doesn't initiate any control on farmer’'s attitude and
post—i'ransp]anting management of field to secure gmd yield,

» The daily area coverage (10 ha day-') is difficult to meet if
farmer’s doesn’t prepare land in time or fails to prepare good
seedlings trays (= 5000 seedlings trav-).

«  The socio-cultural status of farmers s not sufficiently up-to-
date to harness mechanical transplanting as well as the
business model.

The business model was developed based on the cultivation trend,
performance of machine, strength, weakness, opportunity and threats
of operations and farmer feedback. Cost effective pattern for
transplanting was identified during operation. Growing  proper
understanding of benefits of mechanical transplanting among the
Farmers can help generation of value for business. Increasing daily
coverage area would help o bring more farmers under service,
Entrepreneurial role for the advanced farmers could be developed in
seedlings preparation, Launching of transplanting service should be
in right place and time. Target group of service receiving farmers
should include the early adopters. Values could be generated through
machine transplanting and providing plastic travs, Revenue stream
could be of onetime pavment basig or continuous service basis
including post transplanting intercultural services. The target area
coverage, unit price of transplanting service, unit price of trays
business period were found interconnected with each other and
jointly  atfected profit generation. Vemsatile customer  groups,
reasgnable staff expenses and competitive price of service were found
essential in mitigating risk. Streaming of revenue was successful
through transplanting service indicating the positive environment for
business ventures. After transplanting, the service receiving farmers
were satisfied and interested to repeal in next seasom at any
reasonable price. Low cost, fast operation and minimization of
missing hills was determined as the key factor business walue
proposition. Diversifying customer groups, fillering for early
adopters, competitive pricing of services were identified as important
steps for risk mitigation. Increasing daily coverage, minimizing fuel
consumption and selection of sensible consumer group can draw
good return from marginal input and establish business in secure

environment.



CHAFPTER VII

LAND SIZE AND TRANSPLANTER OPERATION

Introduction

Lands in Bangladesh are mostly fragmented, numerous plots,
scattered and critically irregular in shape. Land fragmentation: that
farmers achieved inherently appeared as a big challenge to the
successful implementation of the farm mechanization activities. The
land is divided further as the ownership changes with the increase in
population. Small farm fands included several obstructions in the
profitable farming,. Fragmented lands are mostly inaccessible to farm
machinery and become fellow or non-irrigated land. Land owners are
mostly careless about proper farming activity due to small land
holdings. The shape of the land s a major cause that redoces the
efficiency of farm machinery, Plot size, shape, farm roads and soil
bearing capacity have become more crucial in determining the
efficient use of farm machines. Tslam ef of. (2015) stated that dailv arca
coverage of the transplanter depended on the plot to plot distance,
plot size, seedlings tray supply and number of plots under
transplanting activity. Fuel comsumption also depended on the plot
size, shape, transplanting area, movement from one field o another,
plot to plot distance and distance from  machinery shed to
transplanting Aeld. Field capacity of bransplanter had divect influence
on the fuel consumption, labor and transplanting cost. Fuel was fully
utilized in easily accessible regular shape and large size plots because
of high Feld capacity. Distance from one plot to another caused
additional fuel congumption of the machine, Higher field coverage
ensured full utilization of labor, minimal feel consumption and hence
reduced transplanting cost {Islam ¢f al,, 2017). Taniyama (1975) stated
that the operation efficiency of machines generally becomes higher in
proportion to the size of field plots and the length-width (L/ W) ratio
of plots. The operational efficiency of rofary coltivation with 30-40 P&
wheel tractor increased a little when the size of field lots exceeds 0.3
hetare and remarkably decreased when the size of plot were below
that level. The efficiency increased with the increase in L/W ratio.
Larger plots were favorable in increasing daily area coverage than
straller plets, Smaller plots were not favorable to operate transplanter
and not possessed economic feasibility. Small plots having less than
250 m? should be aveided for 4-row walking tyvpe transplanter {Islam
el al., 27). In addition, field sizes less than 400 m? should be avaided
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o get the good performance of B-row riding type transplanter (lslam
ef g, "215). Ganewatta (1974) mentioned that an average farmer
owned 1.7-3.5 plots and the plot size ranged from (.2-0.4 acres in dry
zonal village of Srilanka, The ownership of plots ranged 1-10 which
was similar to that of Japan before the implementation of land
improvermnent project. Nagata (1973) mentioned  that each farmer
owned 1-17 plots often located in different places of Okijima village
(Kahoku project area), Japan before land consolidation and farmers
owned a relatively large farm size having on average plot size of 05
ka after farm land consolidation, In Japanese villages, the average
family holdings consisted of some 15 or 20 farm plots in the 1940s.
The average plot was only about 500 m? and the distance between two
plots belonging ke one farmer was several kilometers (Williamson,
1951). High degree of land fragmentation i.e. 3.2 plots per farm with
average plot size of (116 ha were observed in Bangladesh (Mandal,
2014). Fragmented land is the effect of population explosion over the
country and possibilities o control the land fragmentation is less due
b socio-economic impact. The land 15 divided further as the
ownership changes with the increase in population. Tslamy et al. (2015)
studied the plot shape in Bogra and Natore district while transplanter
was operated commercially in the farmer’s field and mentioned that
among the transplanting plots, 70, 25 and 3% plots were uniform,
irregular and mostly irregular, respectively. Ulluwishewa el al. {1985)
emphasized the need of enlargement of plot size to reduce the turming
events inorder o increase the operational efficiency of farm machme,
The use of modern machinery is difficult or may be impossible in tiny
plats and may require an excessive amount of manual work in the
corners and along the boundaries (Karouzis, 1977 and Burton, 1988).
Tsuchiva (1976) stated that land improvement encouraged the
introduction of modern farm machinery due to better irrigation and
dramage facility and enlarging plot size by rearranging the existing
paddy fields. Nagata (1973) mentioned that in Japan, one Farmer had
many small plots which were scattered before the implementation of
land improvement projects. This impeded the mechanization by
creating small feld plots and by increasing the time that has to be
taken for travelling fram one plot to ancther, The small size and
irregular shape of plots is another dominant problem associated with
land fragmentation {Yates, 1960),

Field surface must be perfectly flat in lowland farming whereas it is
not necessarily to be flat in the case of wpland farming. The
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recormmended degree of flatness in Japan is less than £5 cm in a field
plat (Tsuchiva 1976). Small plots have the advantages of proper water
management especially in drought prone and hilly areas where water
supply is scant or unavailable. It is easy to make and maintain flat soil
surface in smaller field plots and enhances better water control.
However, it 15 very difficult to maintain leveling ofthe field properly
in large size plots and challenging for rapid drainage of surface water
compared to small plots. On the other hand, most of the plots are not
leveled properly. Consequently, inefficient drainage svstem impedes
the operation of farm machine, Paddy field condition should be
improved to get the good machine performance, Land leveling is
needed in paddy farming to manage irrigation water. Therefore,
farmers construck temporary levee in the bigger size of plots after
land preparation for good water management. Smiall sizes of plots are
preferable to the rice farmers due fo good management of water.
Inaccessibility of farm machine in the field is of another limiting factor
on successful farm mechanization. It is necessary to construct farm
road to reach farm machine to every plobs without causing damage to
the existing crops to other fields, levees, irrigation and drainage
channel. Land consolidation is a way to aveid operational
complesaties in crop land and uphold its production through Low cost.
Mon-improved paddy Felds caused low work performance and
reduced work output of machines.

Land Fragmentation exists in many countries in the world. Most of
studies concluded that fragmentation hinderved the efficient crop
production. Japan implemented the land improvement projects under
the Land Improvement Law of 199 to enlarge small fragmented
plots, consolidated  the scattered paddy plots into large plot and
constructed farm roads to enhance the easy access of farm machinery
and promoted farm mechanization program. Countries ke Japan,
South Korea, Philippines and Thailand had already prospected their
agricultural production by land management. Experience in other
countries suggests the importance of land improvement schemes to
expand farm mechanization program.

Existing land size, shape and uniformity

Islam et al.. (M7} carried oot feld survev in 54 villages under 54
upazilas in 52 districts under eight administrative divisions of Barisal,
Chittageng, Dhaka, Khulna, Mymensingh, Rajshahi, Rangpur and
Sylhet to know the existing plot size, shape and length-width ratio of
each plot in January-May 2017, The village in each district was



selected by using simple random sampling [SKS) method, The tolal
number of sample size was 5400 and the data on plot size, shape and
cropping systems were collected from 100 adjacent plots in each
village of the respective upazilas, Table 1 shows the cropping svstems
af the selected villages, unions and upazilas in each division. Shape
characteristics of the agricultural plots were divided into four
categories depending on the percent uniformity of plot shape which
was measured by eye estimation. The categories were as irregular
(=4%), moderately irregular (2-4%), moderately regular (1-2%) and
vegular (<1%), Descriptive statistics was applied to analvze both
qualitative and quantitative data, Four-row walking type transplanter
was considered fo interpret the field performance on the existing plot
size, shape and plot LW ratio,

Table 1a Cropping systems in the survey areas of Barisal division

Lristrict Upazila Union Village Cropping syshem

Bargums Amtali Chawra Chalitabunia. Amén-Mungbeany

Barisal Sadar Charamoddi  Charamoddi  Aman-Mungbean

Jhalokstha  Sadsr Kirtipasha Orposha Borg-Amian

FPatuakhali  Galachipa Amkhela Basbonia Amen-Mungbean

Prrojpair Masirpur  MNazirpir Mativanga Airin- Mugtard -
Iute

Table 1b Cropping systems in the survey areas of Chittagong

division
[istrict Upazila Union Village Cropping
murticipal sy

Brahmanbaria Sadar Pourashavha Haxtihata Broroe Amiin

Chandpuar Sagdar 9 n, ward Anathpur Boro-Aman

Chitlagong, Mirersorai 2 Engoli Faschim Antan-
Engali Mungbean

Comilla Chapddagram Alkora Litkar Latimi = Bore-Aman

Feni Daganbhuiyan 2 no, Rajapuar Paschim Joy  Bore
mATAyanpur

Lakshmipur Sadar 9 Chamdragan)  Shekhpur Anian

Mioakhali Sadar Pourashavha Maijdi Bere-Anan
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Table Tc Cropping systems in the survey areas of Dhaka division

Dhistrict Upazila Lnion Village Cropping system
Dhaka Dahar Bilashpur Deshar Boro-Aman
ultarpara
Faridpur Bhamnza Sadar Hasemdia Borg-Jute/ Wheat
Gazipur Sadar Shimultali Fackal Boro-Anan
Gopalganj  Kasiani Eajpat Ifaschim Bero-Lentil
para
Copalgan Muksedpur  Tengrakhela  Provakordi Frarre-Anea
Kishoreganj Sadar Latifabad Mokshedpur  Bore-Aman
Madaripur  Rajoir Bajitpur Bajitpur Bovo-Antan
Rapbari Kalokhali © * Sadar Cialia Anman-]ute
Tangail Ghatail 3 o Gungram arrp-Amanfellow
Jamuria
_ Tangail Drhanbari Drhanbari Thapiea Horo-Aman

Table 1d Cropping systems in the survey areas of Khulna division

District Upazrila  Union Village Cropping system
Bagerhat Fakirhat - Fakirhat Pagla uttar Boro-Anwan
para
Chuadanga  Sadar Katulpur  Boalia Boro-Awean
Jessore Kotnali Moapara  Atal Boro-Anan
pachbaria
Jhenaidah  Sailkupa Sailkupa  Khalkula Boro-Awean
Khulna Dumurai  Baratia Kulbaria Boro-Anan

Kushtia Ehoksha Goppara  Satpakhia Boro-Amtan
Magura Sadar Hajeapur Esha khada  Boro-Amaw

Meherpur  Gangi Matmura  Akabpur Barp-Anean
Satkhira Tala Fialanta  Chanbhanga  Boro
Table 1le Cropping systems in the sarvey areas of Mymensingh
division
District Upazila Union  Village Cropping
sy shem
Mymensingh  Sadar Sirta Char Sirta Boro-Aman
Sherpiir Makla Makla Makla Borg-Aman
Bazardi
Jamalpur Sorishabari Aauna  Ponchashi Boro
Metrakona Sadar Collisha  Sakua Rora-Aman




Table 1f Cropping systems in the survey areas of Rangpur division

[Hstrict Upazila Union Village Cropping svstem
Rangpur Sadar 15 no.ward  Ghaghotpara  Late Bora-Amin-
Patato
Lalmonirhat  Sadar Panchagram  Taridev Late Boro-Amizn
Dinajpur Sadar Sadar Paschim Late Barg - Anean-
Khudihar Potato
para
Thakurgaon  Sadar 16 ne, Kismat Late Bora-Aman-
Margun Daulatpur Maize
Panchgarby  Saddar 10 ne, 100w Borg-Anman-Chili
Gaorinabari Gorinabari
Gaibandha  Gobind  Kamardaha  Digholkandi  Late Boro— Asuin-
aganj Paotato/ OnionBam
anaj
Furigram Sadar Mogolbasha  Uttar Boro-Arian-
MNaowabas Brinjal /Cnion

Table 1g Cropping systems in the survey areas of Rajshahi division

[hgtrict Upazila  Union Yillage Cropping
=y stem
Heogra Sadar. Fapaore Kanar Late Boro- Anran-
Paotato
Chapainawabganj  Shibganj  Shibyganj Shekhtola Borg-Antan
Jovpurhat Sadar Bambyvu Hismi Boro-Aran
Bazar
Maogaen Sadar Zno Tomk Bore-Aran
Halain
Matore Sadar 11 Kaforia  Khandarpar  Boro-Awran
Pabma Bera Aminpur Fokirkandi  Foro-Awmnan
Rapshahi Paba & Homan Mohonpur - Aman-
'Mungl'-i.'an
Sirajgany Ullagraras Hatikumeul  Charia Borg-Anian
chockpara

Table 1h Cropping systems in the survey areas of Sylhet division

District Upazila Union Village Cropping
ayabim
Habiganj Sadar £ nev. Habiganj Khalpar Bira-Amien
Moulavibazar  Sadar 1 ne. Amoerkona  Daudpur Aman
Sunamgar Sadar Hnio. Bahadurpur Boro-Amen
Lakshmanjir
Sylhet Sadar Khadimpara Kollya Boro-Aman
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Plot number and size

Table 2 shows plot number per hectare and plot size in the sample
location, Number of plots per hectare and plot size was considered as
the indicator of land fragmentation. In Barisal division, the number of
plot per hectare indicated that the land fragmentation was higher in
Jhalokathi (16 plots per ha) district followed by Pitojpur, Barisal,
Barguna and Patakhali districts (Table 2a). The plot sizes were
rangedfrom (.09 to (.13 ha and the smallest plot sizes (.06 ha) were
observedin Jhalokathi district: Thae plot size was less than 0,10 ha in
Barisal, Pirojpur and Jhalokathi districts. Wide range of variations
was observed in the plot sizes (152-4234 m2). The height of rural road
from the plot surface was 1-2 m. Plots were not leveled properly.
Canals were observed nearer to the plot and machinery move to the
field after crossing the canal.

Table 2a FPlot number per hectare and plot sizein the sample
lacation of Barisal division

_District Plot, no. hal Flot size, ha Range, m?
Barguna 1o OV £ 0,008 1523542
Barisal 11 0,09 £ D005 2202
Jhalokathi 1 006 £ 0,004 1532305
Patuakhali 8 013 £ 0.007 1714234
Pirojpur 12 009 £ 0005 3222806
Average 11 009 £ (L0032 1524234
Source: Field survey 20017

In Chittagong division, land fragmentation was higher {more than 10
plots per ha) i most of the districts except Brahmanbaria and Chandpur
districts (Table 2h). High degree of land fragmentation was observed in
the survey area of Chittagong followed by Lakshmipur, Noakhali and
Comilla districts. The plots sizes were varied from (.05 to (.12 ha. The
sUrvey areas of Comilla, Fent, (:hittagnng, Moakhali and Lakshmipur
districts dominated the plot sizes below (L0 hectare and Chittagong
district reported the smallest plot sizescf 005 ha. The plot sizes were
varied widely in Chittagong division. In the survey area of Comilla
district, the height of the rural road from the plot surface was 2m.
However, the height of the rural road from the plot surface was observed
more than 3 m in the survey areas of Feni, Chandpur and Chittagong
districts. Farmers faced problem to move the machine from road to plot
due to high elevation, The survey plots were more than one km far from
the rural road. The machinery moved into the plots by crossing other
plots, levees and irrigation canal.



Table 2b Plot number per hectare and plot size in the sample
location of Chittagong division

District Plot, no. hat Plot size, ha Range, m?
Brahmanbaria S 112 £ 0,005 158- 2997
Chandpur ) .12 + 0006 255-3650
Chittagong 20 005 = 0.004 #3-2725

Comilla 12 (.08 £0.005 158-2997
Feni 11 09 % 0.005 204-24595
Lakshmipur 14 0.07 = 0.005 136-3330
Moakhali 13 0,08 £ 0,004 134-2440
Averapge 11 0.09 + 0,002 83-3690

Source; Field survey 2017

Table 2¢ describes the land fragmentation and plot sizes in the survey
areas of Dhaka division. The high degree of land fragmentation (more
than 10 plots per ha) was observed in the survey areas of Tangail-
Ghatail, Kishoreganj, Faridpur and Rajbari districks. Among the
survey areas, the high degree of land fragmentation was in the survey
area of Tangatl-Ghatail (27 plots per ha). The lowest degree of land
fragmentabion  was  observed in the Gopalganj-Kashiani  and
Madaripur districts. Gopalganj-Kashiani, Madavipur, Gopalgani-
Mubsudpur and Gazipur areas dominated the plot sizes of greater
thant (10 haThe farge variation of plots sizes (004-0.14 ha) wire
observed in the survey areas in Dhaka division. In the survey area of
Gopalganj. Rajbari, and Madaripur districts, the height of rural road
from the plot surface was observed more than 2m. In Faridpur
district, the height of rural road from the plot surface was observed
mare than 3m. Farmers faced problem o move the machine from
road to plot due to high elevation: Sometimes, four persons were
required to move power tiller in sloppy surface. On the other hand,
the plots were not in the same elevabion. Machinery moved to the
plots by causing damage to the levees. Machinery parts were
damaged due to the movement in undulated land. The survey plots
were more than 23 km far from the main road.
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Table 2Zr Plot number per hectare and plot size in the sample
lucation of Dhaka division

District Plot, no. ha?  Plotsize, ha  Range, m?
Dhaka 11 (08 £ (0 Bh-d50)
Faridpur 16 (.00 £ 0005 33-287%
Cazipur 10 011 £000e 220-3252
Gopalganj-Kashiani 7 014 £ 0008 383-4226
Gopalganj-Muksudpur 9 011 £ 07 2214926
Kishoreganj 18 006+ 0004 101-2451
Madaripur 8 D2+ 0007 1834219
Rajbari 14 (.07 £ (o4 172-2033
Tangail-Dhanbari 14 M08+ 0005 1323245
Tangail-Ghatail 7 (.04 + 0,003 6d-1465
Average 11 (.05 + (002 33-4920
Source: Field survey 2017

Table 2d indicates that high degree of land fragmentation [more than
10 plots per ha) was observed i all the districts except Jessore and
Satkhira tn Khulna division. The highest degree of land fragmentation
was observed in Khulna (19 plots per ha) followed by Meherpur (18
plots per ha) district, The plots sizes are less than 0,10 ha inall the
survey areas except [essore and Satkhira districts. The plot sizes were
varied from 0050010 ha. The smallest size of plats (005 ha) were
ebserved in Khulna districl. Very smaller to larger sizes of plots (102-
5278 m?) were observed in the survey areas of Khulna district. In
Fushtia, Magura, Jhenaidah and Jessore districts, the height of ruval
road from the plot surface was observed more than 1 m. In
Meherpurand Chuadanga districts, the height of rural road from the
plot surface was observied more than 2 m. More than 65% plots were
ebserved plain and rest of the land were undulated in the survey area
of Khulna division,



Table 2d Plat number per hectare and plot size in the sample
location of Khulna division

[istrict Plot, no. hal Plot size, ha Range, m?
Bagerhat 16 006 + 0,003 125-1700
Chuadanga 14 0.07 + 0005 1323477
Jessore 10 010+ 0,006 1ET-A0RE
Thenaidah 15 0.06 £ 0,005 135-3520
Khulna 19 0.05 & 0.003 1a8-2148
Kushtia 15 0.07 + 0,005 102-3002
Magura 12 0.08 £ 0,005 123-2981
Meherpur 18 0,06 + 0L00 152-1713
Satkhira 10 010+ 0,009 131-5278
Average 13 . 00720002 102-5278

Source: Field 51.|1';.-:'_~:.' 2017
Table Ze states that land fragmentation was more pronounced in the
survey areas of Mymensingh division, The plots per hectare were
observed more than 10 in the survey areas of all the districts in
Mymensingh division. The highest number of plots per hectare was
obtained in Jamalpur (21 plots per ha) followed by Mymensingh (17
plots per ha), Netrakona (15 plots per ha) and Sherpur (11 plots per
ha) districts. The plot sizes in all the locations in Mymensingh
division were found Bess than 10 ha, The average plot sizes varied
from 006009 ha. The wide range of variation of plot sizes (62 to 3504
m?) was aobserved in the survey areas of Mymensingh division.

Table 2e Plot number per hectare and plot size in the sample
location of Mymensingh division

_District__ Plot.no.ha'  Plotsize.ha  Range, m?
Jamalpur 21 .06 + (L.005 993055
Mymensingh 17 {0 & 0.004 62-1980
Metrakona 13 (07 £ 0004 125-2863
Sherpur 11 (.07 £ 0,007 109-3804

_Average 15 Y s hde 62-3604

Source: Field survey 2017
Table 2f shows that the number of plots per hectare was observed
more than 10 in the survey areas of all the districts except Joypurhat
in Rajshahi division. High degree of land fragmentation was observed
in Chapainawabgany district (22 plots per ha). The lowest degree of
land Fragmentation was observed in Joypurhat (9 plots per hectare)
and Naogaon (10 plots per ha) districts. The average plot sizes were
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varied from 0.05-40.11 ha, The average plot size was morve than 0,10 ha
in Joypurhat and Maogaon districts, The plot sizes were observed the
lowest in Chapainawabgan) district (00053 ha). The plot sizes were
varied from 53 to ZE30 m? in the survey areas of Rajshahi division.in
Rajshahi, Chapainawabganj, Maogaom, Matore, J[ovpurhat districts, the
height of the rural road from the plot surface was 1m. However, the
bheight of the rural road from the plot surface was cbserved more than
2'm in the survey areas of Sirajganj and Pabna districts. Farmers faced
problem to move the machine from road to the plot due to high
elevation especially in Naogaon, Natore, Pabna and Sirajgan] districts.
In Rajshahi district, more than 70% plots were terrain where farmers
faced difficulty to move machine. However, in other districts, 55-65%
of the total plots were elevated than the other plots. The survey plots
were more than two fa three km far from the rural moad. The
machinery moved into the plots by crossing the other plots, levess
and irrigation canal.

Table 2f Plot number per hectare and plot size in the sample
Iocation of Rajshahi division

District Plat, no. hat Plot size, ha Range, m?
Bagra 16 01.06 £0.004 112-2192
Chapainawabganj 2 (.05 + 0003 1131403
Joypurhat 9 01T £ (L0006 I02-2530
MNaogaon 1 (110 + (005 2452787
Matore 17 006 + 0002 53-1380
Pabna 14 0.07 £ 0005 1872674
Rajshahi 16 006 £ (LS 123-1653
Sirajganj 1z 0.08 + 0.005 105-2450
_Average 13 0070002 53-2830

Source: Field '51.1]":&}2{“?

The number of plots per hectare was observed 28-35 in the survey
areas of Dinajpur, Panchgarh and Kurigram districts under Bangpur
division. It indicates that the highest degree of land fragmentation
was observed in these areas [Table 2g). In this division, Kurigram and
Gaibandha districts are mostly flood prone. The major rivers located
in Kurigram are Brahmaputra, Dharla, and Tista, In flood prone
Kurigram district, plots were found larger in size in the studied area
due to single cropping system. Land sizes were found very small (0.03
ba) in Dinajpur, Panchgarh and Kurigram districts. Larger plot sizes
were found in the Thakurgaon district. In Panchgarh district, plots



elevation was found higher and few areas were covered by baro than
aman rice cultivation. The larger size of plots {0.11 ha) were observed
in Rangpur district. The average plot siees were observed from (.03
(.71 ha in the survey area of Rangpur division: The plot sizes were
observed very small to large in size (54-4451 m?), Farmers divided the
large plot into smaller due to maintain proper leveling of land. The
height of main road from plot surface was very much high.

Table Zg Flot number per hectare and plot size in the sample
location of Rangpur division

Dhistrict Plot, no. ha? Plat size, ha Range, m
Dinajpur 29 003 £ 0001 149-682
Gaibandha 17 (106 + 0.005 QO-H071
Kurigram 29 (.03 £ 0,002 7B-1436
Latmonirhat 11 (.09 £ 10,004 218-2295
Panchgarh 35 003 £ 0.002 54-1134
Rangpur 9 011 £0.007 132-4451
Thakurgacn 15 (L7 £ (1004 TO0-2008
Averapge 17 0054 0.001 54-4451
Sources Field survey 2007

Table 2h shows that the number of plots per hectare was the highest
in the survey areas of Sylhet district indicating the highly fragmented
lands existed in these areas under Sylhet division. The number of
plots per hectare was observed 20, 14 and 12 in Sylhet, Moulavibazar
and Habiganj districts. The survey areas of Sunamganj district
dominated the larger sizes of plot (0012 ha) compared to other district
in Sylhet division due to single crepping system in hwor areas.The
average plot stzes ranged from (.05 to (012 ha. The distribation of plot
sizes reflecked that different sizes of plots (73 to 3699 m?) prevailed in
the survey areas of Sylhet division, In Moulavibazar and Sylhet
districts, the height of rural read from plot surface was, However, in
the survey area of Sunamganj and Habigan) districts, the height of
rural road to plot surface was more than 1 m, Farmers faced problem
to move the machine from road o plot due to high elevation. Plots
wiere not in the same elevation. Therefore, machinery movement was
restricted due to difference in-elevation between the plots,
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Table 2h Plot number per hectare and plot size in the sample
location of Sylhet division

District Flot, mo. hat Plot size, ha Range, m?
Habiganj iy 0L10 + 0.004 265-2433
Moulavibazar 14 (07 + 004 163-1862
Sunamganj 9 .12 £ 0.007 233-36599
Sylhel 20 (105 + 0003 73-1315
Average 12 0.08 + 0.003 733099

Source: Freld survey 2007

In short, the highest degree of land fragmentation was observed in
Rangpur {17 plots per ha) and some way ahead Mymensingh (15 plots
per ha), Khulna (14 plots per ha), Rapshaha (13 plots per ha) and Syihet
(12 plots per ha) divisions (Table 2i). The number of plots per heckre
was at par in Barisal, Chittagong and Dhaka divisions. On average,
one hectare land was divided into 13 plots in the survey areas of
Bangladesh. The smaller sizes of plots were dominated in the survey
areas of Rangpur districts. The average plot sizes varied from 0.05 to
(1,09 ha in eight administrative divisions. The average plot sizes were
observed (LOS ha in the survey aneas of Bangladesh. Mandal {2014)
observed the average farm size of (L5 ha, which was below the present
findings. This might be due to the variation of sample sire and survey
methoedology, Wide range of variation of plots sizes (33-3278 m™) was
observed in the survey areas of Bangladesh. Farmers divided the
larger sizes of plots by creating artificial leves to maintain water.

Table 2i Plot number per hectare and plot size in eight
administeative divisions

District Plot, no.  Plotsize, ha  Range, Sample size.
ha? m? nao.
Barisal 11 009+ 0003 1524234 500
Chittagong 11 009 £ 0002 83-3690 700
Dhaka 11 0.09 0002 334926 1000
Khulna 14 .07 £0002 1025278 Qo
Mymensingh 15 Q070002 62-3804 40
Rajshahi 13 007 £ 0,002 53-2830 B0
Rangpur 17 00520001 54-4451 FLLA]
Sylhet 12 D08 +£0.003  73-3699 400
Average 13 008 0003 33-5278 5400

Bource: Field survey 2017



Distribution of farm plol size

Chapter IV revealed that plot size has great influence on the efficient
operation of £row walking tvpe transplanter, Plot size having less
than 250 m? increased the frequent turning events and decreased he
performance of the transplanter (Fig. 5b in chapter TV}.

Table 3a presents classification of plot by size in Barisal division. Most
of the plots in the survey locations of Patuakhali (T4%), Barisal (58%)
and Barguna {52%) districts belonged to the sizes more than 750 m2.
The percentage of small plots (<250 m?) was higher in Jhalokathi
(13%) district, while the percentage of large plots (=1000 m?) was
higher in Patuakhali (57%) district. Currently, 74% of total plots
ranged S00->1000 m? which were suitable for operating the £-row
walking type transplanter. Besides, 22% plots ‘were under
classification size ranged between 250-500 m? which were needed to
enlargethe plot size for operating 4-row walking bype transplanter in
an-efficient manrier, On the other hand, 4% plots were belonged to the
size less than 250 m? in Barisal division, which were not suttable to
operate the &row walking &y pe transplanter.

Table 3a Classification of plat based on size in the survey locations
of Barisal division

District Plot size, m2

=230 250500 500730 FRO-100D 1000
% of total sample in the respectl'-. e district

Barguna 7 23 18 19 33
Barisal 1 22 14 0 38
Jhalakathi 13 a7 n 10 19
Matuakhalt 1 g 16 17 57
Firojpur 0 1% X iz e
Average 4 i) g | 15 35
Source; Field survey 20017

Tabie 5b shows that the survey locations of Chittagong (22%) and
Lakshmipur (10%) districls dominated the largest share of smaller
plots (=250m?) than other districts in the survey areas of Chittagong
division. Most of the plots in Brahmanbaria ([82%), Chandpur (82%)
and Feni (538%) possessed the sizes more than 750 m?, [t was observed
that very few plots belonged to the sizes more than 1000 m? in
Chittagong district. In the survey locations, 73% of total plots ranged
between S00-=1000 m?, which were suitable for operating the 4-row
walking bype transplanter. On the other hand, 21% plots were
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categorized under 250-500 m? which  were needed further
enlargement of plot size to operate the d-row. walking type
trangplanter in an efficient manner. On average, 7% plots were
categorized as below 250 m? in Chittagong division, which was not
suitable to operate the drow walking type transplanter.

Table 3b Classification of plot based on size in the survey locations

of Chittagong division
District Plot size, 117
<250 250-500 500-750  750-1000  >1000
% of total sample

Brahmanbaria il kS 15 7 55
Chandpur 0 & 10 15 (23
Chittagong 2 40 20 11 7
Comilla 49 23 19 17 32
Feni 4 17 21 4 M
Lakshmipur 10 a0 26 13 21
Moakhali 3 23 29 20 25
Average 7 Pl 20 19 3

Source: Freld survey 2017

Table 3¢ describes that the survey locations of Tangail-Ghatail (45%),
Faridpur-Bhanga (22%) and Kishoreganj (16%) districts dominated
the largest share of smaller plots (<250m?). Most of the plots in
Madaripur [88%), Gopalganj-Kashiani (76%), Gopalganj-Muksudpur
(B8%), Gazipur (66%) and Dhaka (62%) districts possessed the sizes
more than 750 m? Onoaverage, 69% plots were categorized as S00-
=000 m? in Dhaka division. Those plols were suitable to operale 4-
row walking type transplanter efficiently with reducing the twming
events. On the other hand, 20% plots were ctegorized under 250-500
m?, which needed further enlargement of plot size to operate the 4-
rony. walking tvpe transplanter in an efficient manner. However, 11%
plots were categorized as below 250 m? in the survey locations of
Dhaka division which were not suitable 10 operate the d-row walking
type transplanter.



Table 3¢ Classification af plot based om size in the survey locations
of [Hhaka division

District Plat size, m*

_<250_250-500 500-750 750-1000 >1000
" of total sample

Dhaka E 13 1o 20 42
Faridpur 22 36 13 12 17
Cazipur 0 11 3 17 49
Gopalganj-Kashiani D 9 15 18 8
Gopalganj-Muksudpur 3 11 18 14 a9
Kishoregan; s 3 i 13 12
hadaripur 1 4 17 26 52
Rajkari 4 26 ] 12 23
Tangail- Dhanbari 3 27 el 15 25
Tangail- Ghatail 45 24 17 B &
Average 11 P11 I W | S

Source: Field survey 2017
In the sarvey locations of Khulna division, morethan 10% plots in
Khulna (22%), Thenaidah {15%), Bagerhat (14%), Chuadanga (123%),
Kushtia {13%) and Satkhira (12%) disiricts belonged to the sizes of
<250 m? (Table 3d). Most of the plots in Jessore (67%) and Satkhira
(51%) districts possessed the sizes more than 750 m?. At present, 58%
plots were categorized as 500-=1000 m?, which were suitable to
operate 4-row walking fype transplanter efficiently. On the other
hand, 3% plots were cateporized under 250-500 m?, which needed
further enlargement of plot size to operate the 4-row walking tvpe
transplanter in an efficient manner. On average, 11% plots were
categorized as below 230 m? in Khulna division which were not
suitable lo operate the d-row walking tvpe transplanter.
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Table 3d Classification of plot based on size in the survey locations
of Khulna division

District Plat size, m?

<250 250-500 500750 7501000 =1000
% of total samiple

Bagerhat 14 29 20 26 11
Chuadanga 12 32 25 13 18
Jessore 1 9 23 30 a7
Jhenaidah 1a 37 22 15 11
Klhulna 1a 42 24 1 B
Fushtia 13 34 18 15 17
hagura 5 27 27 12 29
Meherpur 14 45 19 T 15
Satkhira 12 24 13 12 39
Average 11 31 pal 16 1

Source: Field survey 2007

Table 3e shows that plot sizes of less than 250 m? accounted more
than 10% in the survey areas of Jamalpur (1%}, Mymensingh {17%)
and Sherpur (127%) districts, The plot sizes of 500->1000 m? accounted
53% in the survey areas of Mymensingh division, Those plots were
suitable to operate 4-row walking type transplanter. On average, 32%
of total plots were categorized under 250-500 m?, which were needed
further enlargement to operate the 4-row walking tvpe transplanter in
an efficient manner. Table 3f also shows that the suitability of 4-row
walking tvpe transplanter was restricted in 15% plots due to smaller
in size (<250 m?) in Mymensinghdivision,

Table 3e Classification of plot based on size in the survey locations
of Mymensingh division

Distict Plot size, m?

=250 350-500 500750 T50-1000  =100]

% of total sample

Jamalpur 2 M 20 12 13
Mymensingh 17 gL 19 15 14
Metrakona 9 M 28 15 14
Sherpur 13 25 21 9 32
Average 15 32 22 13 18
Source: Freld survey 3017



The distribution of plots sizes reflected that different sizes of plots
were prevailed in the survey areas of Rajshahi division (Table 3f).
Chapainawabgoni (21%) and Bogra (10%) districts possessed the
highest small plots (<230m?¥) than other districts of Rajshahi division,
Most of the plots in Joypurhat (87%), Maogaon (62%) and Sirajgang
(50%) districts dominated the sizes more than 750 md. Very few larger
sizes of plots (=1000 m?) were observed in the survey areas of
Chapainawabganj and MNatore districts. At the moment, 85% plots
were categorized under classification of 500->1000 md. Those plets
were suitable to operate d4-row walking tvpe transplanter efficiently,
Hewever, 28% of total plots were categorized as 250-300 mwhich was
needed further enfargement of plot size to operate the 4-row walking
type transplanter in an efficient manner. Besides, 7% plots were
categorized as below 250 m? in Rajshahi division which were not
suitable to operate the 4-row walking tvpe transplanter.

Table 3f Classification of plot based on size in the survey locations
of Rajshahi division

District Flat size, m?

=2 ZH0-500  S00-FH0 FH0-I000T 1000
* of total sample

Bogra 10 20 35 10 13
Chapainawabgan] 21 52 13 9

Joypurhat { 14 19 16 21
Maogaon 1 15 2 17 45
Matore 5 26 44 13 o
Pabna 6 33 bl 9 X3
Rajshahi 7 35 3t 13 14
Sirajganj f s X2 18 2
Average 7 28 28 13 24

Source: Field survey, 2017

In Rangpur division, the largest share of smaller plots (<250 m?) were
ebserved in the survey areas of Panchgarh (54%) followed by
Kurigram (3%) districts (Table 3g). The largest share of plot sizes
having 250-500 md were obtained in Dinajpur (72%) followed by
Kurigram (52%) districts. The distribution patterns indicaled that the
plat sizes more than 750 m? accounted 57-64% of total plots inthe
survey locations of Rangpur and Lalmonirhat districks. On average,
4% of total plots were under the category of 500-=1000 m?2. Those
plots were suitable to operate d4-row walking trpe transplanter
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efficiently. On the other hand, 37% plots were cateporized under 250-
500 m which were needed further enlargement of plot size to operate
the 4-row walking type transplanter in an efficient manner. However,
19% plots were categorized as below 250 m? in Rangpur division,
which were not suoitable to operate the d-row walking tvpe
transplanter.

Table 3g Classification of plot based om size in the survey locations

of Rangpur division

District Plot size, m?

<250 250500 500750 70-1000  >1000
% of total sample

Dinajpur 14 72 1 0 [
Gaibandha 15 2 3 14 4
Kurigram 34 ] 11 2 1
Lalmonirhat 3 17 | 20 i |
Panchgarh 54 35 ¥ 3 1
Rangpur 4 14 14 20 38
Thakurgaon 4 30 22 14 14
Average SEI: AN (NS | MU

Source: Field survey 2017

The survey locations of Svihet {19%) district dominated the largest
share of smallerplots (<250m?) than the other districks of Sylhet
division (Table 3h). Most of the plots in Habiganj (H8%) and
Sunamganj (86%) and Moulavibazar (65%) districts dominated the
plot sizes more than 300 m®. On an average, 71% of total plots were
categorized as 300->1000 m? and those plols were suilable o operate
A-row walking type transplanter efficiently. On the other hand, 23% of
total plots were categorized under 250-300 m?, which wert needoed
further enlargement of plot size 10 operate the d-row walking tvpe
transplanter in  an efficient manner. Besides, 6% plots were
categorized as below 250 m? in Svihet division which were not
suitable 1o operate the d-row walking tvpe transplanter,



Table 3h Classification of plot based on size in the survey locations
of Sylhet division

District Plot size, m®

<250 250-500  SO00-750 75041000 >1000

% of total sample

Habiganj i} 12 17 3 40
Moulavibazar 4 k]| 23 24 18
Sunarngani 2 12 19 el 45
Sylhet 19 a7 27 13 4
Average f 23 22 23 27

Source: Field survey 2017

Figure 1 shows that most of the plots (3% of total) under this study
were ranged from 50021000 m?. The highest field capacity of $row
mechanical rice transplanter will be obtained in 26% land due to
larger in size (1000 m?). Therefore, the plots sizes having more than
1000 m® do not need to enlarge further. The plot sizes of 750-1000 m?
accounted 16% and offered optimum field capacity for ransplanter,
The plot sizes of 5K-750 m* accounted 21% and offered reasonable
field capacity for transplanter. There is a little burden to enlarge those
plots having the sizes of 500-1000 w2, The plot sizes of 250-500 m?
accounted X7% land area and offered low field capacity due to
frequent tumning events and small space in headland operation
Emphasis has 1o be given to enlarge those plots having the sizes of
250-500 md for operating 4-row walking type rice transplanter
maching inan efficient manner. Only 10% land belonged to the areas
below 250 m? which were not suitable 1o operate the 4-row walking
bype transplanter, Slow and fast operation of the farm machines were
frequently happened during operation in the small size of plots due to
mare turning events, Those kind of plots incurred huge loss of time
and fuel during turning which were not recommended for operating
L-row walking type rioe transplanter due to more tuming events and
less maneuverability of machine. Those plots shoubd be avoided to
operate transplanter in commercial purpose. Emphasis has to be
given to enlarge those plots to a great extent For operating the rice
transplanter ity an efficient manner. Islam « al. (2015) observed that
among the transplanting plots, 15% were under <400 m® and 14%
were under 450-5350 m? in Bogra region. The authors also
recomimended the minimum plot sizes of 400 m? for operating G-row
ride on type transplanter due to requirement of more space during

turning.
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Fig. 1 Plat size in the su rvey locations

Distribution of plot length

Chapter IV reveals that plot length has great influence on the efficient
operation of 4-row walking type transplanter. Plot length having less
than 25 m increased the frequent turning cvents and decreased the
performance of the transplanter (Fig. 6b in chapter IV}

The classification of plot based on length indicated that the plot
length having less than 25 m accounted 12-37% in Barguna, [halokathi
and Pircjpur districts in Barisal division (Table 4a). Most of the plots
in the survey area of Jhalokathi (37%) district were lower than the
length of 25 m. Therefore, length of those plots should be increased to
more than 25 m to get the less turning events of the transplanter.
Cwrrently, 65% of total plots were under the classification of plot
length 35->55 m, which were not needed to enlarge the length, On the
other hand, 19% of total plots were categorized under the length of
25-35 m which mav need further enlargement to get the better
petformance of the 4-row walking tvpe transplanter by reducing the
turning events. However, 15% of total plots were grouped as plot
length below 25 m in Barisal division, which were not suitable to
operate the 4-row walking tvpe transplanter in an efficient manner.
The length of those plots should be enfarged to more than 25 m to get
the good machine performance,



Table d4a Classification of plot based on length in the survey
locations of Barisal division

District Plat length, m

<15 535 3545 $3-53 =535

% of total sample

Barguna 12 15 20 148 35
Barisal & M M 10 aq
Thalokathi a7 24 20 o 10
Patuakhali 4 il 26 5 55
Pirojpur 17 27 ol 14 13
_Average 15 14 24 11 3

Source: Field survey 2007

In’ Chittagong division, the survey area of Chittagong (48%) and
Lakshmipur (32%) districts dominated the largest share of plot lenpgth
having less than 25 m (Tabkle 4b). Therefore, length of those plots
should be increased to morethan 25 m in all the districts except
Chandpurto get the less turming events of the transplanter. Among all
other districts in Chittagong division, Brahmanbaria and Chandpur
districts indicated the largest share of plot length having mere than 45
m. At present, 58% plots were under the category of plot length 3555
m, which were not needed to enlarge. On average, 2% plots were
classified under the length of 2535 m, which may need further
enlargement to get the better performance of the 4-row walking type
transplanter by reducing the turning events, Besides, 17% plots were
under the plot length of below 25 m in Chittagong division, which
were not suitable to operate the 4-row walking type transplanter in an
efficient manner. The length of those plots should be enlarged to more
than 25 m to get the good machine performance.
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Table db Classification of plot based on length in the survey
locations in Chittagong division

District Plat length, m

<35 25=33 33-43 4535 =53

% of total sample

Brahmanbaria 2 ) x a8 Al
Chandpur LU 14 H 18 24
Chittagong 48 26 15 7 4
Comilla 14 42 14 25 i
Femi 1 27 30 n 1
Lakshmipur 32 20 17 4 7
MNoakhali 14 34 22 14 11
Average 17 24 24 23 11

Source: Freld surveey, 2017

Table 4c describes that the plot length having less than 25 m
aocounted more than 10% in the survey areas of all districts except
Gazipur, Gopalganj-Kashiani, Gopalganj-Muksud pur and Madaripur
districts in Dhaka division. Dhaka, Gazipur, Gopalganj -Kashiani,
Copalganj-Muksudpur and Madaripur districts accounted the largest
share of plot length having more than 45m. AL present, 6% plots
were under the category of plot length 33-255 m which were not
needed to enlarge the length. Cn average, 21% plots were classified
under the length of 25-35 m, which may need further enlargement to
get the better performance of the d-row walking type transplanter by
reducing the turning events, Besides, 15% plots were grouped as plot
length below 25 m in Dhaka division, which were not suitable to
operate the 4-row walking type transplanter in an efficient manner.
The length of those plots should be enfarged to more than 25 m b get
the good machine performance,



Table 4¢ Classification of plot based on length in the survey
locations in Dhaka division

District Plot length, m

<35 2535 3545 45-55 =55

% of total sample

Dhaka L& 12 14 14 44
Faridpur 43 a5 '] 4 19
Sazipur 1 15 x 17 45
Gopalganj-Kashiani ] 21 20 23 31
CGopalganj-Muksudpur 8 15 19 17 41
Kishoregan) 52 33 7 4 4
Madaripur a 11 34 7 23
Rajbari 17 3 25 i 20
Tangail- Dhanbari 14 26 L 11 18
Tangail- Ghatail i) 13 14 i 2
Average 24 21 19 13 24

Source: Field survey, 2017

Table 4d states thatthe classification of plot based on length in the
survey areas of Khulna division. The survey areas of Chuadanga
(31%), Bagerhat (28%), Kushtia (24%), Thenaidah (23), Khulna (21%),
Meherpur (20%), Magura (17%) and Satkhira (16%) districts
dominated the largest share of plot length having less than 25 m. Very
fewr plots having the length more than 453 m were observed in Khulna,
Kushtia and Magura districts. At present, 47% plots are under the
category of plot length 35-=55 m, which were not needed to enlarge
the length. On average, 33% plots were classified under the length of
25-35 m which may need further enlargement te get the better
performance of the 4row walking tvpe transplanter by reducing the
turning events, However, 20% plots were grouped as plot length
befow 25 in Khulna division, which were not suitable to operate the
4-row walking type transplanter in an efficient manner. The length of
those plots should be enlarped to more than 25 m to get the good
machine performance.
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Table 4d Classification of plot based om length in the survey
locations in Khulna division

District Plot length, m

_ <25 3535 3545 4555 355
% of total sample

Bagerhat 28 24 34 14 0
Chuadanga il g 22 12 H
Jessore 2 27 7 25 14
Jhenaidah b 38 15 12 12
Klhulna 21 42 2 & 4
Kushtia 24 45 15 5 11
hagura 17 33 16 & 26
Meherpur 0 14 24 22 20
Satkhira 16 28 14 | |
Average 20 33 21 13 13

Source: Field survey 2017

Table 4e shows that the survey locations of Mymensingh (43%),
Jamalpur, (39%), Netrakona (38%) and Sherpur (27%) dominated the
largest share of plot length having less than 25 m in Mymensingh
division. The plot length having more than 45 m accounted 13-23% in
all the survey areas of Mymensingh division. At present, 31% plots
were under the category of plat length 35- = 55 m which were not
needed to enlarge the length. On the other hand, 32% plots werne
classified under the 1ength of 25-35 'm which may need further
enlargement to get the betber performance of the 4-row walking tvpe
transplanter by reducing the turning events. On average, 37% plots
were grouped as plot length of kelow 25 m in Mymensinghdivision
which were not switable to operate the 4orow  walking  tvpe
transplanter in an efficient manner. The length of those plots should
be enlarged to more Bhan 25 m bo get the good machine performance.



Table 4a Classification of plot based on length in the survey
locations in Mymensingh division

District Plot length, m

=35 I35 3345 455 235

i of total sample

Mymensingh 43 25 11 8 13
Sherpur i 34 14 11 12
Jamaipur 39 28 20 7 B
Metrakona 38 38 11 & 5
Average 37 32 14 S 9

Source: Field survey 2007

In Rajshahi division, the survey areas of Chapainawabgan] (30%),
Bogra (33%), Natore (26%) and Rajshahi [21%) districts were
accounted for the largest share of plot length having less than 25 m
(Table 4f). Most of the plots in Raphahi division belonged to the
length having 25-35 m. At present, 41% of total plots wene under the
category of plot length 35->55 m which are nol needed to enlarge, On
the other hand, 38% of total plots were classified under the length of
25-35 m, which may need further enfargement to get the better
performance of the d-row walking type transplanter by reducing the
turning events. On average, 21% plots were grouped as plot length of
below 25 m in Rajshahi division, which was not suitalle to operate the
d-row walking type transplanter in an efficient manner. The length of
those plots should be enlarged to more than 25 m to get good machine:
performance.

Table 4f Classification of plot based on lenglh in the survey
locations in Rajshahi division

Diistrict Mot length, m

_=35 1535 3545 4585 *55
"% of botal sample

Bogra 33 48 15 1 3
Chapainawabganj 50 a2 3 15 0
Joypurhat 2 34 il 16 18
Maogaon 10 7 28 20 15
Matore 2 47 22 4 1
Fabna 10 ki 20 15 19
Rajshahi g | al 23 5 1
Sirajzani 16 28 26 15 15
Average 21 38 ) 11 q
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The distribution pattern on plot length indicates that the survey areas
of Dinajpur (76%), Panchagarh (36%), Gaibandha (37%) and
Thakurgaon (34%) districts under Rangpur division dominated the
largest share of plot length having fess than 25 m (Table d4g). The plot
length having more than 45m was accounted 39 and 30% i Rangpur
and Lalmonirhat districts. At present; 31% plots are under the
category of plot length 35-=55 m, which are not needed to enlarge. On
the other hand, 29% of total plots were classified under the length of
25-35 m which mav need further enlargement to get the better
performance of the d-row walking tvpe transplanter by reducing the
turning events. {n average, 40% plots were grouped as plot length of
below 25 m in Rangpur division, which was not suitable to operate
the 4-row walking tvpe transplanter in an efficient manner. Plot
length should be increased to more than 25 m in all the districes under
Rangpur division to get the [ess turning events of the transplanter.

Tabkle 4g Classification of plot based on length in the survey
locations in Rangpur division

District Plot length, m
=25 25-35 35-45 45-55 =55

% of total sample

Rangpur mn 2 29 21 18
Lalmonirhat 12 3 15 11 19
Dinajpir 76 24 0 0 0
Thakurgacn 34 39 17 & 4
Panchgarh bl 35 3 4 2
Gaibandha 7 33 20 i 0
Kurigram 52 30 0 4 4
Average 40 i) 16 8 7

Source: Freld survey 2007

Table 4h states that the survey areas of Sylhet (37%) and
Moulavibazar (16%) districts under Sylhet division dominated the
largest share of plot length having less than 25 m_ Plot length should
be increased to more than 25 min all the districts except Habigan to
get the less luming events of the transplanter. The plot length having
253-35 m was accounted 20-41% in the survey areas of Sylhet division.
Moderate ficld performance of transplanter was obtained in those
areas. The plot length having more than 55 m was accourited 31 and
14% in Sunamganj and Habiganj districts. At present, 45% plots were
under the category of plot length 35->535 m which are not needed to



enlarge, On the other hand, 31% plots were classified under the length
of 25-35 m, which may need further enlargement to get the better
performance of the d-row walking tvpe transplanter by reducing the
turning events, On average, 15% plots were grouped as plot length of
below 25 m in Sylhet division, which was not suitable to operate the
4-row walking type transplanter-in an efficlent manner. The fength of
those plots should be enlarged to more than 25 m 1o getl the good

machine performance.

Table 4h Classification of plot based on length in the survey
locations in Sylhet division

District Plot length, m

<25 25-33 1545 45-35 =55

~ % of total sample -

Sylhet i 31 22 1 a
Sunamganj 3 20 28 16 3
Moulavibazar 16 M 28 19 1]
Habiganj i 41 a2 12 14
Average 15 3 25 14 13

Source; Field survey 2017

Tumning events and maneuverability depended on the length of the
plot. Plots having larger lengths substantially reduced the time loss,
hence increased the field capacity of the farm machine. The length of
plots available in the study areas was mostly (49%) between 35 to
more than 535 m (Fig.2), On average, 28% plots were classified under
the length of 25-35 m. Little emphasis should be given to enlarge
those plots to get the better performance of the 4-row walking type
transplanter by reducing the turning events. The plot length having
less than 25 m accounted 23% are not suitable for operating farm
machinery especially 4-row mechanical rice transplanter due  to
frequent turning events. Plot length should be increased to more than
25 m in all the districts to get the less tuming events of the
transplanter.

During turning, press the left/right clutch depending on the tuming
direction, make positicn and start transplanting cperation, Extra time,
energy and fuelwere needed to perform those tasks. More turning
events increased the tuming loss. The length of plot can be enlarged
through mutual cooperation of the land owner by keeping the plot

sizes same.
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Fig. 2 Plot length in the survey locations

Distribwtion of plot shape

Magchine performance depended on the shape of the plots. Plot shape
has great influence on the efficient operation of 4-row walking tvpe
transplanter. The irregular shape of plot decreased the performance of
the transplanter (Fig, 9 in Chapter V). [regular shape of plots
influenced the intervention of manual labor in transplanting. Shape
characteristics of ‘the agricultural plots were divided into four
categories depending on the percent uniformity of plot shape which
was measured by eye estimation. The categories were as irmegular
(=4%), moderately irregular (2-4%), moderately regular (1-2%) and
regutar {<1%).The classification of plot shape is described in the
Followring section.

Table 5a shows the classification on the uniformity of plot shape in
the swrvey areas of Barisal division. Most of the plots were found in
regular and moderately regular shape in Barisal division. The plots
having moderately drregular and irregular shape accounted 25 and
13% plot areasin Jhalokathi and Barguna districts compared (o other
districts in Barisal division. On average, 11% of the total plot areas
were categorized as moderately - irregular and irregular shape m
Barisal division where transplanter was inaccessible and initiated
manual labor to transplant seedlings. Those portions of land should
b reshaped to ensure the accessibility of transplanter machine.



Table 5a Classification of plot based on oniformily in the survey
locations: of Barisal division

District Regular:  Moderately Moderately lrregular
regrufar irregular
% of total sample
Barguna 56 3 11 2
Barisal ] 29 [ 0
Thalokathi 35 40 22 3
Patuakhali 7 21 2 0
Pirojpur 30 4y 4 0
Average 59 30 10 1

 Source: Field survey 2017
The highest portions of regular shape of plots were observed in the
survey areas of Brahmanbaria (91%), Chandpur (88%) and Feni (73%)
districts compared o other districts in Chittagong divisions {Taldle
5b}. Chittagong (24%), Lakshmipur (15%) and Comilla (12%) districts
possessed the largest portions of moderately irregular shape of plots,
Oneaverage, 10% of plot areas were categorized as moderately
irregular and  frregular  shape  in Chittagong  division  where
transplanter was maccessible and inibiated manual labor to ansplant
seedlings. Those portions of land should be reshaped to ensure the
accessibility of transplanter machine.

Table 5b Classification of plot based on uniformity in the sarvey
locations of Chittagong division

District Regular M:.;de:;alrlg.r Moderately  Irregular

regular irregular
— _ of total sample .
Brahmanbaria i | i 1 0
Chandpur B8 1 1 o
Chittagong 25 45 4 i
Comilla 56 32 12 0
Feni 73 23 4 ]
Lakshmipur 45 a5 15 1
Moakhali &l a5 4 1
_Average 63 27 9 . S

Source: Field survey 2017
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The survey areas of Dhaka (95%), Tangail-Ghatail (87%), Gazipur (&%),
Madaripur (#1%) and Tangail- Dhanbar (31%) districts dominated the
largest portion of regular shape of plots compared to the other districts in
Dhaka division [Table 5c), Very few portions of plots were observed as
regular in shape in Faridpur districe (3%). Most of the plots in the survey
areas especially  Fardpur (753%) and Gopalganj-Mubsudpur  (43%)
possessed the largest share of irregular and moderately iregular shape of
plots.In the survey areas of Dhaka division, 23% of total plot areas were
observed as moderately irregular and irregutar shape whereas the rests of
the plots were repular and moderately regular in shape in different
magnitude. The transplanter was inaccessible in 23% plot areas and
initizted manual labor to transplant seedlings. Those portions of plots
should be reshaped fo ensure the accessibility of transplanter machine,

Table 5c Classification of plots based on uniformity in the survey
locations of Dhaka division

District Regular Moderately  Moderately  Irregolar

regular irrepular

% of total sample

Dhaka s 4 1 o
Faridpur 3 22 42 a3
Gazipur 7a 2 3 o
Gopalganj- 26 i) 9 5
Kashiani
Gopalganj- 17 4 L 14
Mubksudpur
Kishoreganj 38 32 20 10
Madaripur 71 24 4 1
Rajbari 2 40 30 B
Tangail-
Dhianbari 51 26 L8 3
Tangail- Ghatail 87 & 5 2
Average 31 26 15 B

Source: Field survey 2007

In the survey areas of Khulna division, Satkhira (99%), Bagerhat
(98%), [henaidah (9%6%), Jessore (82%), Meherpur (74%), Magura
(BBY), Kushtia (56%) and Chuadanga (58%) districts dominated the
largest portion of the regular and moderately regular shape of plots
(Table 5d). The distribution pattern also indicated that Chuadanga
and Khulna districts dominated the largest share of irregular shape of



plots compared to other districts in Khulna division. However, 28%
plot areas were categorized as irregular and moderately irregular
shape in Khulna division, where transplanter was indccessible and
iniliated manual labor o fransplant seedlings. Those portions of land
should be reshaped to ensure the accessibility of transplanter
machine.

Table 5d Classification of plof based on uniformity in the survey
locations of Khulna division

District Regular  Moderately Moderately lrregular

regular irregular
%oof total sample
Bagerhat 52 1a 2 0
Choadanga 0 38 17 25
Jesanre 35 47 14 4
Jhenaidah | 45 26 5
Ehulna 4 27 44 25
Kushtia 16 40 35 9
Magura 28 38 30 L]
Meherpur 34 40 22 4
Satkhira 79 20 1 0
Average 5y 36 b L

Source: Field survey 2017

Table 5e describes the classification on the uniformity of plot shape in
the survey areas of Mymensingh division. It was observed that 66-
85% of total plot areas in each plot were categorized as regular and
maoderately regular in shape whereas rests of the plots were trmegular
i shape in different magnitude. In Mymensingh division, 3-7% areas
were grouped as irmegular shape. At present, 15% of total plot areas
were categorized as drregular and moderately irregular shape in
Mymensingh division where transplanter was  inaccessible and
initiated manual labor to transplant seedlings. Those portions of land
should be reshaped to ensure the accessibility of transplanter
iachie.
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Table 5& Classification of plot based on uniformily in the survey
locations of Mymensingh division

District Regular  Moderarely Moderately  Drregular
repular irregular
% of total sample
Jamalpur 38 28 27 7
Mymensingh 55 30 12 3
Metrakona 47 x 18 ]
Sherpur 56 4 14 B
Average 55 30 1 3

Source: Freld survey 2017

In Rajshahi division, the distribution pattern on the uniformity of plot
shape indicated that very few portions of plots having regular in
shape were observed in the survey areas of Chapainawabgan) (5%)
and Natore (13%) districts (Table 5} Most of the portion of plots in
the survey areas of Chapainawabganj (458%), Rajshahi {41%), Natore
(33%) and Naogaon (21%) districts possessed the irregular and
moderately  ireegular in shape. On average, 25% areas were
categorized  as irregular  and  mederately irregolar  shape in
Rajshahidivision where fransplanter was imaccessible and inibated
manual labor to transplant seedlings. Those portions of land shoultd
be reshaped to ensure the accessibility of transplanter machine.

Table 5f Classification of plot based on uniformity in the sarvey
locations of Rajshahi division

District Regular Moderately  Moderately  Trregular
regular irregular
o . % of total sample -
Bogra 42 3 20 5
Chapainawabganj 2] 47 3h 12
Joypurhat i 34 2 0
Maogaon 25 54 16 5
Matore 13 54 30 3
Pabna 40 42 18 0
Rajshahi 16 43 i 5
Sirajgan] 45 40 10 5
Average 32 43 20 5
Source: Field survey 2017



In Rangpur division, most’ of the plots in the survey areas of
Lalmonirbat (93%), Rangpur (84%), Gaibandha (F8%), Kurigram
(78%). Dinajpur (77%), Thakurgaon (74%) and Panchgarh (74%)
districls possessed the regular and moderately regular shape {Table
Sg). The highest portion of pJots having moderakely irregular amnd
irregular shape was observed in the surveyv area of Thakurgaon (26%),
Panchgarh (26%), Dinajpur (23%) and Kurigram (22%) districts
compared to other districts in Rangpur division which influenced the
manual transplanting. The least amount of irregular shape [4-58%) of
plots was observed in Rangpur, Dinafpur and Thakurgaon districts,
Currently, 19% areas were categorized as irregular and moderately
irregular shape in Rangpur division where transplanter was
inaccessible and initiated manwal labor to transplant seedlings. Those
portions of land should be reshaped to ensure the accessibility of
transplanter machine.

Table 5g Classification of plot based on uniformity in the survey
location of Rangpur division

Dhstrict Regular  Moderately Moderately Irregular
regular  irregular
% of total sample

Dinajpur 43 34 17 &
Gaibandha 52 33 £ 4
Fourigram 48 30 16 i
Lalmonirhat 79 14 ¢ 0
Panchgarh 53 21 15 8
Rangpur A0 34 10 i
Thakurgaon 42 32 20 i
Average 53 E I T SR

“Source: Field survey 2017
Table 5h stated the distribution pattern on the uniformuty of plot
shape in the survey arcas of Sylhet division, In the survey areas of
Habiganj [99%), Moulavibazar (8%%), Sunamganj (87%) and Svlhet
(71%) districts dominated the largest share of regular and moderately
regular shape of plos whereas rests of the portion were irregular in
shape in different magnitude [Table 5h), The highest portion of
maderately irregular and irregular shape of plots was observed in the
survey area of Sylhet district (29%). On average, 11% of total plot
areas were calegorized as irvegular and moderately irregular shape in
Sylhet division where transplanter was inaccessible and initiated
manual [abor to transplant seedlings. Those portions of land should
be reshaped to ensure the accessibility of transplanter machine.
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Table 5h Classification of plot based on uniformity in the survey
lucation of Sylhet division

District Regular  Moderately Maoderately  Drregular
regrular irregular
% of total sample
Sylhet 25 4i 26 3
Sunamganj i) 18 3 0
Moulavibazar 48 41 1 0
Habiganj Fis 20 1 0
Average 58 3 0 1

Source: Frald survey 2007

The shape characteristics of the plots showed noticeable share of
irregular povtion. [rregular shape of plots caused extra travel, offered
low transplanting capacity and high cost. Machines are unable to
transplant in the pocket area due o inaccessibility, which influenced
the manual transplanting {Islam et af., 20105). The shape of the plots
should be converted to regular shape to harmess the benefit of
mechanized EBansplanting by escaping the burden of manual
transplanting. On average, 5% areas were categorized as irregular
shape where transplanter was maccessible and initiated manual labor
o transplant seedlings (Fig. 3). Those portons of lands should be
reshaped 1o ensure the accessibility of transplanter machine, On the
other hand, 15% plots were categorized as moderately irmegular shape
and little efforts were needed to reshape those lands in erder to access
the ransplanter machine for transplanting rice seedlings.

o Regular

& Moderately
regular

& Moderately
irregular

® [rregular

Fig. 3 Plot shape in the survey locations



Distribution of plot length-width ratio

The plot LW ratio has great influence on the performance of farm
machinery. Length wise operation of farm machinery is preferable to
minimize the tuming events. Plot length should be increased by
keeping the same plot size.

Table fa describes the classification of plot lengthowidth (L/W) ratic
in the survey areas of Barisal division, The plot L/W ratio of 1-1.5 was
accounted 20-22% in Barisal, Barguna and Patuakhali districts and 34-
44% in Pirgjpur and [haiokathn districts. The distribution pattérn also
shows that more than 60% plots of Barisal, Barguna and Patuakhali
districts were observed as greater than the L/W ratio of 2 On
average, LW ratio of 1-1.5, 1.6-2.0 and =2 accounted 24, 1% and 57%
land, respectively in Barisal division.

Table ta Classification of plot based on plot length-width ratio in
the survey locations of Barisal division

District Flot length-width ratio

1-1.5 124 =2

i of total sample

Barisal 20 17 63
Barguna xn 16 62
Patuakhali s | 17 62
Jhalokathi 34 7 k)
Pirojpur B x ar
Average 4 19 37

Source: Feld survey 2007

Table b shaows that L/W ratio of 1-1.5 was observed in the largest
portion -of lands (43-47%) in the survey areas of Chandpur,
Chittagong, Comilla and Fend districts under Chittagong division, The
L/ W ratio of 2 was observed in more than 30% plots in all the districts
except Comilla district in Chittagong division. On average, L/W ratio
of 1-L.5, T.6-2.0 and >2 accounted 39, 24 and 37% land, respectively in
Chittagong division,
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Table 6b Classification of plot based on plot length-width ratio in
the survey locations of Chittagong division

District Plot length-width ratio
R 1.6-2.0 >2
U of total sample

Brahmanbaria 23 24 a3
Chandpur 4a 14 36
Chittagong 43 23 34
Comilla 47 24 o
Feni 43 43 *
Lakshmipur 3 29 a5
Moakhali 35 23 4
_Average 3 24 37

Source; Field survey 2017

In Dhaka division, the elassification on LW ratio showed that very
few portion of plos (7%) were categorized as LW ratio of 1-1.5 in the
survey areas of Gazipur district (Table 6c). Ameng the districts in
Dhaka division, the plots in Kishorgan district accounted {F1%) the
largest portion of land under LW ratio of 1-1.5. More than 50% plots
belonged o the category of L/W ratio of »2 in Gazipur, Dhaka,
Gopalganj-Mulsudpur districts. On average L/W ratio of 1-1.5, 1.6-
20 and >2 accounted 40,32 and 27% land, respectively in Dhaka
division.

Table bc Classification of plot based on plot length-width ratio in

the survey locations in Dhika divigion

[Hgtrick Flot length-widih ratic o
1-1.5 Li-2.0 2
- . Gofwtalsample
Dhaka 19 13 L)
Faridpur 36 20 i
Gazipur 7 15 i1
Giopalganj-Kashiani a7 28 25
Gopalganj-Muksodpur i) i1 &1
Kishworegan] 7l 18 §
Madaripur 41 24 15
Rajbari 3l 16 53
Tangatl-Tihanbar 28 28 49
Tangail-Ghatail 17 4 39
Average 33 23 44

Source: Field survey 2007



It was observed that L/W ratio of 1-1.5 accounted M-42% plots in Lhe
survey areas of most of the districts in Khulna division (Table 6d). In
Meherpur district, the lowest portion of land {12%) was found under
the proup of LW ratio of 1-1.5, The L/W ratio of >2 were prevailed
in 40-78% land in all the districts except Bagerhat and Kushtia
districts. On average, LW ratio of 1-1.5, 1.6-2.0 and >2 accounted 43,
25 and 32% land, respectively in Khulna division,

Table &d Classification of plot based on plot length-width ratio in
the survey locations of Khulna division

Drigtrick Plot length-width eatio
1-1.5 lb-20 =2
i - Zxbipml siple T
Bagerhat 36 3 33
Chuadanga i 25 45
Jessore 32 ] 4%
Thenaidah il 3 b
Khulna 25 1% 37
Kushtia 42 26 3z
Mizgzura £ 15 41
Meherpur 12 10 73
Satkhira 28 32 40
Average 33 1 43

Source; Field survey2017

The survey results showed that LW of 1-1.5 accounted 35-35% land
inn the survey areas of Mymensingh division (Table &e). In Netrakona
district, the highest portion of land (58%) was categorized as L/W
ratie: of 1-1.15 On average, L/W ratio of 1-1.5, 1.6-20 and >2
accounted 44, 32 and 27% land, respectively in Mymensingh division.

Table e Classification of plots based on plot length-width ratio in
the survey locations in Mymensingh division

Diistrict Plot length-width ratio

1-1.5 1.6-210 =2

—— ) “ of total sample S

Jamalpur 35 7 35
Mymensingh 46 20 M
Metrakona 58 20 13
Sherpur 4 ) 17
Average 40 33 7
Source: Field survey 2017
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In Rajshiahi division, the distribution of plot L/W ratio revealed that
more than 4% plots were found under the category of L/W rabio of
1-1.5 in the survey areas of Bogra, Natore, Joypurhat, Rajshahi and
Chapainawalbgan] districts {Table 6f). Pabna district {63%) accounted
the highest portion of land under LW ratio of 2 and the lowest in
Bogra district (%), On average, L/W ratio of 1-1.5, 1.6-2.0 and =2
accounted 43, 25 and 32% land, respectively in Rajshaku division,
Table &f Classification of plot based on plot length-width ratin in

the survey locations of Rajshahi division

Dhistrict Plot lerigth-width ratio

1-1.5 T.-24) =2
I % of total sample -
Bagra il Al 9
Chapainawalpgan 43 24 33
Jaypurhal 48 1% ¥
Naogaon 39 33 28
Nagore 51 7 2z
Pabma 16 21 3
Rajshahi 47 24 20
Sirajgang 38 19 43
Average s 32

Source: Field survey 2017
Table 6 shows that LYW ratio of 1-1.5 was found the highest in
Dinajpur followed by Thakurgaon district under Bangpur division
Plot L/W ratio of 1-1.5 was obtained as 24-45% in survey areas of
other districts in Rangpur division. Turning events of farm machinery
will be much higher in these areas of Dinajpur and Thakurgaon
districts than other districts in Rangpur division. Turning events will
b less in those areas where LW ratio of greater than 2 in the survey
areas of Kurigram, Lalmoenirhat and Panchgarh districts. On average,
L/W ratio of 1-1.5, 1.6-2.0 and>2 accounted 43, 29 and 28% land,
respectively in Rangpur division.



Table 6g Classification of plot based on plot length-width ratin in
the survey locations of Rangpur division

District Plot length-width ratio

115 1620 >2

n of total sample

Dinajpur 74 25 1
Gaibandha 45 £ 24
Kurigram a0 3 47
Lalmonirhat 35 2 42
Panchgarh 3 25 44
Rangpur 24 51 25
Thakurgaon 63 27 10
Average 43 29 EL

“Source: Field survey 2017
In the survey areas of Sylhet division, the largest share of plot L/W
valio of 1-1.5 was observed in Habiganj followed by Sunamganj,
Sylhet and Moulavibazar districts (Table 6h). On the other hand, the
largest share of plot L/W ratio of greater than 2 was obtained in
Sunamganj followed by Moulavibazar, Svlhet and Habiganj district.
On average L/W ratio of 1-1.5, 1.6-2.0 and >2 accounted 3%, 28 and
37% land, respectively in Sylhet division.

Table 6h Classification of plot based on plot length-width ratio in
the survey locations of Sylhet division

District Plot length-width ratio

1-1.5 1.6-2.0 >2

%o of total sample

Sylhet a5 g 38
Sunamganj 36 22 42
Moulavibazar 24 35 41
Habiganj 45 25 27
Average 35 28 37

Fource: Field survey 2017

In short, the plot L/W ratio of 1-1.5 was accounted 37% in the
survey areas of Bangladesh (Fig. 4). Turning events of farm
machinery will be much higher in those arcas. The plot LYW ratio
of greater than two was observed in 38% land and turning events
will be less in those areas. Moderate turning events will be
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obtained in 25% plot having the plot L/W ratio of 1.6-2,0. Turning
events increase the less of time, fuel and decrease the: field
capacity. Tanivama (1973) stated that the operation efficiency of
machine generally become higher in proportion to the size of field
plots and the LW ratio of plots. The efficiency of transplanter
will be increased with the increase in LW ratio,

50
_oaa
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=
g 20
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i

1-15 La-Z0 a3
LW ratio

Fig. 2 Plot length-width ratio in the survey localions

Land improvement

Perhaps, fragmentation of agricultural land s not a natural calamaty,
but human catused problem, which could be consclidated by raising
awareness and encouraging farm landowners to get into combine
scheme for better production and reducing cost. Bringing uniformity
in land shape and combining lands to upgrade to larger land sizes
wiuld additionally solve following problems:

*  Low operation capacity

»  Inaccessibility of farm machine

s Remove pocket arcas

#  Freguent turning events and

»  Large irrigation and drainage channel area

The total reformation process is thus performable through three
distinct steps;

»  Reshaping (developing uniformity in shape)
o Enlargement of plot size (Consolidation of scattered plots)

»  Construction of farm road for machine accessibility



Assumption

Area coverage under mman rice coltivation during 2014-15 was
5330000 ha (BBS, 2005) in which 30% area is assumed to have
inaccessibility of machine and direct seeded rice cultivation {Islam,
2016) ie. 3871000 hectare areasare considered as transplanting
service and used in the calculation of land reformabion process.

Reshaping
Keeping the plot area same the reshaping of the existing plots can be
done in two ways namely rectangularization and enlargement of plot

length.

Rectangularization

Plot shape with wnparalleled  boundaries. cavsed  difficulbes o
transplant seedlings by mechanical transplanter in non-uniform
portion of land and offered low field capacity (Fig. 5). This situation
compelled the farmer/entreprencur for manual transplanting in the
same lield having pocket area due to inaccessibility of mechanical rice
transplanter. Depending on the irregularity in qhap-f' pocket area
filling by manual laber required 7-13 man-hr ha?' and censumed
additional 4-6 trays ha! ko transplant seedlings. On the other hand,
plats with parallel boundaries offered higher field capacity (ha hr),
and least or no gap for manual transplanting. Straightening of
agricultural plots is thus an obviouws need for mechanization in
Bangladesh. The irregularity in plot shape can be eliminated by
mutual cooperation among, the land owners.

L —————

pR—

Earilien chamne]

Moderately
Irreguiar phot

Regular phit Moderately

regular plat

Trregular
plot

Fig. 5a Existing land condition
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Regalar phi

[ Tramsplantable area
Pocket area

Fig. 3h Transplanter inaccessibility in pocket aneas

Enlargement of plot length
The performance of the transplanter depended on the length of the

plot. For the same plot area, length wise operation reduced the
turning loss (Fig. 10a). Field capacity depended on the turning loss of
the plot, which intum depended on the number of tarning events in
each plot (Fig. 10b). In order to minimize the turning events, the
length of each plot should be enlarged as much as possible. The plot
length can be increased in four steps (Table 7). In the first step, change
the plot length having less 25 m to 25-35 mv would save few amounts
of fuel, labor and cost of bransplanting. At the second phase, enlarge
the plot length 1o 3545 m would save 8% fuel, 10% labor (operator)
and 11% cost in transplanting, In the third step. enlarge the plot
length to 45-55 m would save 10% fuel, 153% labor {operator) and 12%
cost in transplanting. At the final step, changing the plots length more
than 55 mwould save 11% fuel, 19% labor (operator) and 15% cost in
transplanting. From socio-economic perspective of the farmer, it is
very difficult, sometimes impossible to neshape the plot in lengthwise,
However, mechanization point of view, emphasis should be given to
increase the plot length in order to reduce the turning events of the
transplanter. Enlarging plot length to more than 55 m would save
transplanting cost of Tk 538 million per vear,



Table 7 Effect of plot length enlargement on fuel and labor cost
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: man-hs million Tk
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4555 13 ot 138 135 416
#55 15 SENAEN i7z 163 4i3
Takal TOED (IO DONZEG) 3624 (0%
Step T «13 i
2535 5 1,574,290 1.7 16,45 1098
1545 | F128900 A5 381 T
45.55 13 I 239 335 415
*53 15 SR 272 363 43
Takal TOTE RRATN) 2O (ARG 358099
Step T <25 0 - =
2535 0
3545 72 e 1349 1991 A
4555 13 ] il s 414
=55 15 AT 272 FEd Lo E]
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=55 W BETLON 1415 4 308
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Enlargement of plot size
Size of farm machines and their performances are greatly influenced
by the plot size. The present forny of plot size distribution in
Bangladesh is mostly fragmented (74% below 1000 m?) (Fig. 1). At the
preserit condition, the operation cost of 4-row mechanical transplanter
ig estimaked as Tk 9251 million. There 15 a great scope bo save
transplanting cost by enlarging small plots. Small and medium size
plots could be reduced easily by combining plots that belong to same
owner. Table § presents the effects of plot size enlargement on fuel,
labor and cost. Enlarging very small lands (<250 m?) o small lands
(250-500 m?} could save 1% fuel, labor and cost in transplanting,
Further enlarging plots from 250-500 m? to S00-700 m? could save 6%
fuel, 7% labor and 7% cost in transplamting, At third attempt,
enlarging plots from 500-750 m? to F50-1000 m? could save 7% fuel,
11% lakor and 9% cost in transplanting, At final stage, enlarging plots
fromn F30-1000 m? o =000 m? would save 8% fuel, 85% Jabor and 11%
oot in transplanting, Grouping of scattered field plots or land
consolidation s a complicated issue in Bangladesh. Like Japan and
Srilanka, land consolidation program may not be applicable here. The
farmers will not give consent to exchange their plots due to social
securiby. Difference of the scattered holdings interms of Tand quality,
accessibility and mentality will hamper the land consolidation, The
enlargement process is not an easy task. It will jeopardize the soctal
systems. However, from mechanization point of view, enlargement of
arall plots are very much important to attain the maximum benelit of
mechanization. Step by step procedure can be followed to enlarge the
plat size. The fragmentation of agricultural lands can be eliminated by
mutual cooperation ameng the land owners, local government and
policy makers, Enlarging fragmented land to bigger st (1000 m?)
would save transplanting cost of Tk 400 million per year,



Table 8 Effect of plot size enlargement on fuel and labor cost
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Optimum length and size of plot for paddy cultivation

What would be the optimum piot length and size tor paddy cultivation
where water management can be done efficiently? This is a buming
question, Upland farming does not need perfect land leveling to
maintain water height in the field. Dminage svstem should be ensured in
upland farming. In case of low land farming espedally paddy
cultivation, the land should be sofficiently leveled to mamtain uniform
water height dunng tansplanbing and conbimeous stagnant water for
crop establishment. It 15 very difficult to mamtain constant water height
in large size of plot. Smaller sizes of plots are preferable for good water
management. On the other hand, machine does not perform well in
small size of plot. There must be compromise between  machinery
performance and  water management. The machine performance
appeared good in plots having LW more than 2 and plot length greater
than 40 m. Hence, the plot size ]'Ia'l.-"ll'lﬁ 45 » 20 m may be recommended
for paddy cultivation. Tanivama (1975) mentioned that  Japan
standardized the plot size as 100 » 30 meters depending on the
convenience of machine tuming, length of fong and short side. The
proposed plot size was lower than that of Japan. We need to consider the
presenit land terure systern, socio-economic condition and mentality of
the farmer to reshape and resize the plots. From our country’s
perspective, we may think lo reshapeimegular plots,

Importance of farm road

Type and size of the machinery depended on the accessibility of farm
machinery in the plots. Land fragmentation and smaller plot size
having irregular shape restricted the movement and smooth
operation of the farm machine. Absence of farm road, damaged or
earthen road, water logging, irrigation canal, inundation in low lying
area, undulated piot hampered the entrance of the farm machines in
the plot to perform certain task. Moveover, different types of crops are
grown at the same time in each area. For example, during
transplanting of Bore crops, the harvesting of potato is going on i the
same locality. Therefore, as the transplanting/seeding time  is
different consequently harvesting time will be different. Crops are
matured in different days and wunable to move the machine in the
middle of the plots to harvest and start to transplant rice seedlings
wsing mechanical transplanter due to lack of farm road. Sometimes



crops were damaged in the neighboring farmer's plot doe 1o
moverment of Farm machinery. Elevation of the rural road is higher
than the farm land and difficult to unload /move the machine in the
plot. The slop of the road Iost the balance of the fanm machines and
possibility to trip over the machine. Farm road facilitated to transport
harvested crops and other agricultural inputs to the nearer of the crop
field, Consequently redoced  the ransportation tme and  cost
Covernment intervention and mutual co-operation among the land
owners can facilitate the construction of farm rodd in planned way.

It is important for the machinery operator to know the existing land
condtion and the effect on farm machinery operation. It is alse
necessary o optimize the plot size and shape in terms of efficient
miachinery and operation and water management in the rice field,
which will reduce the ime, fuel and energy. Small and fragmented
land resulted in low efficiency of tramsplanter. Sizes of the plots
should be more than 230 m? to increase the operational efficiency of
transplanter. Step by step approach should be followed through
government intervention and land owner has to enlarge the dispersed
small plots, plot rectangularization, reshaping the plot, land leveling,
construction of farm road, improvement of irrgation and drainage
facility. Large size of farm machinery even small machines would be
spread successfully if land improvement works is undertaken,
However, land reshaping or enlargement of plol size may not be
possible in the current situation. I such sitsation, Islam (2015}
emphasized the scheduling of machinery operation e plots under
cormimercial operation should be clustered to increase the operational
efficiency of farm machine. Mandal [2017) called it as ‘operational
comsclidation’ of holdings, which was effective in custom hire service
of farm machine. Each country has unigue system in wide spread
adoption. of mechanization, Considering the mechanization system of
other country, we should formulate the mechanization system to suit
in our coutitry contexk. Modificabion and improvement is needed on
the imported machinery to suib our present land system. This step
will enable the policy makers; farmers to adopt relevant measures.



CHAPTER VIII

MECHANICAL RICE HARVESTING

Introduction

Rice harvesting is one of the meost expensive field activity ameng, all
other activities of crop production in Bangladesh, Farmers use sickle
for reaping cereal crops, which 1s quite fedious and labor intensive
opetation involving human drudgery. Harvesting of paddy using
sickle required about 120 to 200 man-hr ha! and caused a peak labor
demand during the harvesting season (Pandey and Devnani, 15981;
Haque et al, 1989). Farmeérs are compelled o practice delayed
harvesting due b shortage of labor, which results in yield loss:
sometimes incurred total loss of field crops due to natural disaster,
Igbal &f al. (1980} found that harvesting losses increased linearly with
time, ranging from 3 per cent in the first week to 7 per cent in the
third week after maturity of crop. Timely harvesting of the crop is
very much important to get the desired yield. Therefore, it is essential
to introduce mechanical harvester for rice harvesting in time to
reciuce the postharvest losses, An efficient harvest depends greathy on
pre-harvest management —evenness of field level, variety selaction,
crop maturity, accessibility of machine into the field, water and
nutrient management.

China developed a small harvester machine, which is similar to lawn
mower [or culting grass and other cereal crops such as rice, wheat,
corn, feed grasses, and shrubs by -.;hanging with appropriate cutter
attachment {Boshima, 2007). The design feature of this machine was
simple, light weight, inexpensive, easy to assemble and disassemble,
and very easy o operate. Lawn mower was modified with a light
engine (1.5-1.88 kW), high tpm {<£500) in cuttng blade and
attachment of swing arm. The circular blade was made detachable
and removable, [t is expected that low cost small scale hand reaper
may be suitable to the socio-economic condition of our farmers.
Handaka and Joko Prtoyvo {2001} modified commercial lawn mower
into 4 rice harvester machine, Modifications were made on (1)



replacing the cutter blade with a rotary blade; (2) changing the
dynamic balance of the harvest maching into a mower bype; (3)
adding a guider and a propeller; and {4) adding an operator belt. . [&
had a working width ranging from 73 to 100 cm. The test result
showed that moedified machine had a working capacity of 0.0540.06 ha
hrt, fuel consumption of 150 1 ha?, work efficiency of 95%, and
weighing of about 10 kg The authors alse mentioned that -the
minimum blade rpin was 4,500 for paddy reaping. ACTI Motors Lid.,
Dhaka and Alim industries Ltd. Svihet imported hand reaper from
China, which was powered by 1.25 kW petrol engine.

Power tiller mounted and self-propelled reaper were introduced in
our country o harvest rice and wheat crops. Research organization
developed rice-wheat meaper and  disseminated  throughout  the
country. Rahman ¢f al. (2004} modified a self propelled reaper named
SUFALA and tested for field performance and economic evaluation in
harvesting wheat and rice. The effective field capacity and field
efficiency were higher for wheat than rice harvesting. Harvesting loss
was found 281 and 347% for wheat and rice, respectively. The labor
requirement for mechanical harvesting of wheat and rice was 19 and
21 man-hr hat, respectively, Zami ef al., (2014) reported that, the BRRI
reaper made a reduction of about 8% in harvesting cost whereas the
labor saving was 72%. BRRI reaper saved 20 and 18% labor and
harvesting cost over the Chinese reaper, Alam o ol. (2014) studied the
field performance of Korean self-propelled reaper (KSE), China self-
propelled reaper (CSE) and BRRI power tiller mounted reaper (BPER)
in Mithapukur, Rangpur district during aman 2003 season. The
effective field capacity of KSR, C5R and BPR was observed (118, 0.18
and 015 ha hrt with field efficiency of 660, 860 and 66.7%.
respectively. The field capacity varied from one plot to another due to
varying in plot sizeand operator’s skifl. The fuel consumption of KSE,
SR and BPR was obtained 0.76, 0.48 and 1.25 | hr, respectively. The
break-even area of KSR, CSR and BP'R was 915, 7.82 and 543 ha yr!
of, respectively. Public and private organization were fryving ko
promote local and imported reaper (self propelled or power tiller
mounted) through the creation of local service provider, ACH motors
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Lid, Dhaka; The Metal (Pvi) Limited, Dhaka; Janata Engineering
Waorkshop, Chuadanga and other companies imported different
midels of self-propelled reaper from China, Korea and Vietnam.
Those reapers were sold to the farmers under the country wide
subsidy program. In some places, entrepreneur purchased the reaper
for use in rental service. Due to limitation, this technology is not
metting popular throughout the country.

Combie harvester was recently introdueced in our country to harvest
rice and wheat, Whole and head-feed type combine harvesters having
different capacities are now available in the market. Combine
larvester performs all basic Fenctions esp. gathering, threshing,
separaling. cleaning, bagging of grain, etc in a complete integrated
engineering forms where mechanical, electrical and electronics,
hydraulics and agricaltural engineering have been applied in most
advanced and proven technology, Head feed combine harvester is
considered as most promising machine for harvesting rice as the
straw remains long after harvesting. The price of the machine was
beyond the purchasing power of the ordinary farmers. This bigger
size of machine with higher field capacity needs 1o be investigated
theroughly to know the constraints and business viability.

Several attermpts were taken to popularize different kinds of harvester
(hand reaper, self-propelled reaper, combine harvester, etc.) at farm
level since 19955, Those harvesters are not vet been popularized due
to some inherent problem such as eperator’s comfortability, high cost,
limibed annual use, lack of versatility, unavailability of spare parts etc.
It is expected that cereal production will be boost up after the
introduction of harvester in order to reduce postharvest loss and
ensure  the quality production. The data on the performance of
harvesting equipment in commercial purposes were not available in
our country, This study finds the performance of harvesting
equipment namely hand reaper, self-propelled reaper and combine
harvester in our land ténure system,



Hand reaper

Honda hand reaper model: UKM-435, sometimes called hand held
reapet. Hand reaper was especially designed for cutting wheat, rice,
soybean, maize and grass, ete. The hand reaper consisted of one petrol
engine, operating arm with shoulder carry belt and circular cutting
blade (Photo 1) Table 1 presents the spedification of the hand reaper.
Islam ¢t al.(2014) conducted the field performance of hand reaper in
the farmer’'s field, Dirasharm, Gazipor City Corporation, Gazipur in
boro season 2014

Phote 1 Hand reaper

Table 1 Specification of hand reaper

Model mo. LB 435
Cutting blade diameter 254em
Circular blade teeth finch 10 no
Total teeth 150 no
Blade manufacturing metal 55 Stecl
Weight of reaper Yk
Length of bachine with engine 1.94 m
Length of handle Todm
Twpe of engine Petrol
Engine power {Hp) 0.5

Fuel tank capacity [.650 liter
EPA of cutting blade (Medium Speed) 4300
Crperation directon Right to left

Ohperating systermn shoulder carries with hand SWAP (Hanging by belt)



Mhechapical rice baryesting

Description of hand reaper

Hand reaper means one kind of tools for harvesting paddy, wheat,
miaiee, bushes, ete. The reaped grain stalks are gathered into shegoes
ibunches), tied with string or with a twist of straw, Hand reaper is
now. rarely seen in the industrialized countries. However, this
maching can be wsed in areas where accessibility for reaper or
combine harvester is limited (such as on narrow terraces).

Cutting tlade

The cuthing blade was the most important part of hand reaper. The
metal of cutting blade depended on the type of crops to be harvested
and the life of the machine. Different bypes and shape of blades were
available in the market. Blade of 20 cm diameter having heat treated
edges was purchased from the markel. Another blade of 25 cm
diameter was manufactured in local blacksmith shop. The teeth of the
blade was similar to the teeth of sickle. Both bypes of blades were used
in haryesting rice.

Photo 2 Field operation of hand reaper

Field performance

The theoretical width of cutting was observed 73-100 cm (43 lines),
howewver actual width of cutting was 85 cm {average 3-4 lines). Field
capacity of hand reaper was obtained (0,026 ha he at a speed of 030
km hrt. Harvesting efficiency of hand reaper was observed low in
wet than dry field. The fuel consumption of hand reaper was found
0.7~0.8 L hrt. One operator was required to operate the hand reaper,
However, one standby operator was needed to operate alternatively
after half an hour of operation. One labor was engaged in refueling,
bightening the machine with body and to bundle the harvested paddy
at the time of harvesting. The operator could swap the reaper about
23 times per min and cut four adjacent hills in each swap. The




shattering loss by hand reaper and sickle was 111 and 0.98%,
respectively. There was a negligible. difference on shattering loss
(@13%) was observed between two svstems. The harvesting cost by
using hand reaper and the manual operation was Tk 9,340 and 14,940
ha?, respectively. Hand reaper saved 37% cost over traditional
methed of manual harvesting, The hand reaper machine should be
operated at least 1.74 ha yr! to get break-even ontcome with neither
loss nor profit.

Problems of harvesting

Operator's safety and [atigue are the important consideration for
selecting a machine. It was observed that operator felt exhaustion and
difficulty to swap the reaper due to excessive weight (% kg) of the
hand reaper, Operator also felt discomiont to held the two handlesdue
to wider space between the handles. Operator became tired after
25~30 minute of harvesting Long hours of operation created
weakriess of the operator, It was also difficult to move with hand
reaper in the muddy field. Professionally trained operator was
needed to operate the hand reaper. More time was needed during
binding of the harvested crops as it felt down scatteredly, Hand
reaper was unable to cut the lodged crop. The crops were also
dropped down in overlap condition due to less width of cot
Harvested crops were fallen haphazardly when guide and propeller
was  not used in the hand reaper. Cutting blade having 20 cm
diameter provided less contact area of cutting, which was not suitable
for hand reaper,

Precondition

The erops sheuld be in upright position and straw should be greenish
(at 80% maturity of paddy) during harvesting time, Hand reaper is
unable o cut the overdried straw. The space between the handles
should be reduced to grip easily by the ordinary people and make
zure to balance the machine during operation. As the harvested crops
were fallen haphazardly, it was advisable to thresh the crop in close
drum thresher without binding. Harvested crops may be threshed m
the field inorder to avoid binding and careving loss. The diameter of
the cutting blade should be 25 cmy with at least four number of teeth
per running centimeter {periphery) to increase the contact area. of
cutting. High speed carbon with properly heat treated metal should
be used to manufacture cutting blade. It will increase the life of the
blade. Guide should be used to facilitate the line falling of harvested
paddy. Both hands always needed to be kept on the control handles
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for proper balancing of the machine and safety concern. Accident
becomes obvious if the reaper is operated by one hand.

The performance of the hand reaper was depended on the operabor's
skill. The Feld capacity, field efficiency, fuel consumption, shattering
loss and harvesting cost were found satisfactory. This machine can be
wsed for cutting and windrowing stems of rice, maize, grass, and
other cereals, The price of the hand reaper was within the purchasing
power of the farmers. They can harvest their own crop as well as
provide service to the other farmers on rental basis, However, from
the operator’s point of view, il caused fatigue o the operator after
half-an-hour operation. The operator felt discomfort due to release
exhaust gas nearer b the operator, creation of noise and vibration
during harvesting crops. This machine was not ergonomically fit to
harvest cereal crops. Farmers shonved unhappiness as harvested crops
were fallen haphazardly.

Self-propelled rice-wheat reaper

Islam ef al. (200 6c) commercially operated the self-propelled reaper in
the farmer's field at Bamonkanda, Bhanga, Faridpur and Satashia,
Muksudpur, Gopalganj district ke identify the constraints and
business wviahility of self-propelied reaper. Table 2 shows the
specifications of self-propelled reaper. Single boro rice was cullivated
in the region as eest of the time occupied by tidal water. Crop
harvesting was often harmed by strong nerthwester storm, flood and
heavy rain. [t was crucially important for the farmers to collect grain
quickly and timely.

Table 2 Specifications of self-propelled reaper

_Parameter Reaper _
Model AR 120
Owerall dimension 20005135 % 110
Enging hp 4.5 - 6.5 @ 3000 rpm
Weight 135
Fuel type Gasaline
Fuel consumption, L ha? 4
Width of cut, m 1.2
Awvailable in focal market Fes
Market price; BDT 180,000




Photo 3 Harvesting by reaper

Effect of crop inclination on field capacity

Field capacity of reaper varied on the inclination of <rop in field
besides plot size, shape and operator skill. Field capacity decreased
with the increase in inclination of crop (Fig: 1). It was observed that
self-propelled reaper was unable to cut the crops when crop
inclination was more than 50°,
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Fig. 1 Field capacity in relation to crop leaning/inclination

Labor distribution

The pre-requisite on the operation of self-propelled reaper was to cut
the cormet crop by sickle to facilitate the moverment of reaper. Figure 2
presents the labor requirement for side cutting harvesting, declogging
and carrying. Sometinies straws were clogeped in the star wheel due to
improper operation. Clogging depended on the synchronization
between densitv of the crop and speed of the reaper. Higher speed of
the reaper in densely populated field. created clogging in the star
wheel, The pressure ring unable to press the bulk volume of straw
and slow down the delivery of cut crop through the convevor belt.
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The speed of the harvester should be low incase of densely populated
field. The speed of the harvester should be optimized depending on
the crop density, which minimize the [bor requirement in
declogging, It was mandatory to cul the crop in four corners in each
plot to start harvesting operation of the reaper. Labor requirement
depended on the number of plots to be harvested in each day and
independent on the plot size, Selection of larger size of plots will
minimize the labor requirement of side cutting.

W5

B Harvesting
w Side cutting
u Declogging

» Eeaper movement

%

19%
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Fig.2 Labor distribution in harvesting

Time distribution

Machine was kept idle during preparation of field by side cutting,
Most of the time was spent as idle while the side was cut by sickle.
Frequent dlogging was noticed besides oocasional engine overheating,
Due to the movement pattern of reaper, almost one-third of the
operation time was spent in turming (Fig. 3} Engine showed
overloaded symptom when operated in the excessive muoddy feld
and required extra time to operate in the field. Nuls and balts were
loosened during operation: of the reaper and it took time to trouble
shoot the problem. Idie Hme was meant here as the plots were not
ready for the operation of the reaper. Fuel stock has to be maintained
nearer to the feld, which will reduce theidle time. Careful planning
may reduce the idle time. Reduction of idle, plot to plot movement
and trouble shooting time will increase the area coverage in each day
of operation.
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Fig. 3 Time distribution in harveshing by reaper

Cost analysis

Table 3 presents the cost scenario of mechanical and manual
harvesting of rice. The cutting cost was saved by 43% when harvested
by reaper in comparisen B traditional harvesting. Mechanical
intervention in harvesting to threshing reduced cost by 11% of the
total harvest and postharvest operabion.

Table 3 Harvesting and threshing cost

Activity Cost, Tk ha'

: Toacitensl  feapec:
Harvesting 000 3,705
Binding 5000 3000
Carrving {Fiald to threshing vard) 200 7200
Threshing 5415 5415
Winnowing and bagzing 2000 2000
Carzving {threshing vard ta farmer house) 2,250 2250
Total 26,865 (100%) 25,570 (H5%)

The field performance of reaper was related to the time required to
move [rem one plot to another, speed of the machine, traveling time
across the field, the width of cut, loss time, field efficiency and
operators” skill. Field capacity decreased with the increase in
inclination of crop. The kabor requirement and time loss during
harvesting should be considered to formulate business plan of the
self-propelled  reaper. Reaper can be operated o small and
fragrented land. The price of the reaper seems to be affordable to the
small holder farmers.
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Combine harvester

Islam (N4} studied the performance of combine harvester and
operated commercially in nine villages under Dhamral upazila of
Dhaka district to harvest rice in boro 2014 season. Table 4 presents the
technical specification of the combine harvester,

Table 4 Specifications of head feed combine harvester

Machine name DAEDOMNCG S0 48

Madel AA2H0T-C

Type Vertical & cvlinder water cooling diesel
engine

Engine hp 50

Weight B kg

Engine rpm 2500

Thresher rpm 23

Forward speed £.95 m s

Cutting width LS m

Fuel capacity of the tank 50 libre

Fugl consumplion

Fuel consumption of the combine harvester depended on the distance
from machine shelter to working place, plot to plot movement, plot
size and shape, crop density, lodged crop, width of cut, speed of
operation and it was 40 L ha. Machine should be operated at slow
speed in densely cropped area, Cutting of lodged crop took more Bine
than standing crop. Fuel consumption incressed in the small plot due
tor the requirement of more tuming time, The irregular shape of the
plots also affected the fuel consumption due to the requirement of
more time 1o complete harvesting in the pocket areas.

Field capacity

Figure da shows the land siee in the stody arca, Plot siees were varied
from 162-2,752 m® About 17% plots belonged to the size <500 m2
Figld capacity increased progressively with the increase in plot size
due to less turning events as well as less loss Hme (Fig. 4b). Field
capacity of the plots having 750-1,000 m? attained 3% more than the
plat sizes <500 m?, Field capacity of combine harvester was low in the
plots having the sizes less than 500 m® Therefore, the plot sizes less
than 300 m? were nol recommended 1o operate combine harvester in
an efficient manner. The field capacity of the combine harvester was
obtained (L185 ha hrt. Field capacity of the combine harvester was
decreased in the irvegular shape of plots due to requirement of more




time to complete harvesling, Combine harvester was unable to enter
into the pocket areas due to limited entry facilities and compelied the
farmer for manual harvesting, Plot enlargement and reshaping ane
vrgently needed to get the optimum performance of the head feed
caombine harvester.
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Fig. 4 Field capacity of combine harvester with respect to land size

Harvester movement

The operators faced difficulty to move the machine in sloppy surface
as the height of road from the field surface was observed more than 2
m. It caused damage of the machine and required extra care. Ladder
was used to move the harvester in the sloppy surface. It was
mandatory to construct farm read to promote the accessibility of farm
miachine. Care should be taken ko load and unload combine harvester
from the trucks.In some cases, combine harvester was bogged down
as the low soil bearing capacity due to excessive wetness. According
to Taniyama {1975), the layout of farm reads should be readjusted to
facititate the movement of farm machines to each field plot without
causing darmage to machines, to levees and to irrigation channels, The
author also recommended the height of farm reads should be 51 om
(height from field surface) of main farm roads and 30 em for branch
farm roads (height from field surface). Some plots were very far and
damaged the irrigation channel and levees due to the machine
movernent,
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Operation cost

Figure 5 presents the cost distribution of harvesting operation.
Operation cost was categorized as transport, fuel, supervisor
opetator, labor and other charges. Among the cost items, operator,
labor and other charges were higher, which needed careful attention
to reduce the cost. Transport cost may be minimized to operate
harvester in adjacent plets. Fuel consumption may be decreased by
avoiding small sizes of plots. The operation cost may also be reduced
through caretul selection of plots having larger in size and regular in
shape.

Fig. 5 Cost distribution in operation of combine harvester

Turning loss

The total number of turns depended on the plot size and shape.
Mumber of turning events reduced with the increase of plot size (Fig,
6a). The loss time during turning depended on the frequency of
turning, which was affected by the plot size. Torming loss was
recduced with the increase in plot size (Fig. #b). The turning loss was
observed mone for the plot size < 500 m? The terning loss was
observed double for the plot sire of < 250 'm? than the 250-500 m2
Tuming time was also depended on the aperator's skill and shape of
turning point. The turning loss could be minimized if the plot size
was larger than 500 m? and the eperators had good skill,
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Fig. & {a) Effect of plot size on turning events {b) Effect of plot stze on
turning loss

Problem identification

It was very difficult to move the machine from one place to another
due to lack of farm road. Plot elevation also affected the movement of
the machine. Sometimes straw was clogged in the conveyer belt, Fuel
and air filter were also dogged due to dust and chaff: More time was
required to move in the muddy field and harvesting lodged crop.

Field capacity increased with the increase in plot size due to reduction
of turning loss. Combine harvester reduced the time required in
harvesting, cost of harvesting and drudgery of the farmers. The
seasonal use of combine harvester was observed 16 days in one
locality. Rental service of combine harvester appeared as business
viable model. The unique advantage of these combination is its ability
to perform in wet and uneven figld condition, keeping straws in full
length with binding facilities, ability to take up lodged ctop and easy
maneuvering. Moreover, it is also able to operate in fragmented land
condition. Thus, it is very suitable for Bangladesh [and tenure
system. The head feed combine harvester s an efficient, economical,
labor and time saving machine but its initial cost is quite high. The
price of the harvester should be affordable to the farmers..
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