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ABSTRACT
Presently, small land holding farmers use work bulls mostly for land preparation. Their
use can be increased and made more economical by using them for other farm operations such
as ploughing, harrowing, fertilizer application, sowing and weeding. Improved hand tools will
also facilitate farm work. Oxen can be used to pull a cart throughout the year which keeps them
in training. Ploughs, ridgers, seeders and weeders are all seasonal implements. Manual method
of seed planting, results in low seed placement, low crop yield and serious back ache for the
farmer which limits the size of field that can be planted. The cost price of imported planters has
gone beyond the purchasing power of most of our farmers. Farmers can do much to increase
crop production especially grains if drudgery can be reduced or totally removed from their
planting operations.
Generally cultivation of any crop involves various steps like seed selection, field
preparation, fertilizing, sowing, irrigation, germination, thinning and filling, weed removal,
vegetative stage, flowering stage, pesticide spraying, fruit or pod formation stage, harvesting and
threshing. Farmer has to use various agricultural equipments and labors for caring out those
steps, our purpose is to combine all the individual tools to provide farmers with multipurpose
equipment which implements all the scientific farming techniques and specifications and
suitable for all type of seed to seed cultivation with as minimum cost as possible. This project
work is focused on the design and fabrication of multipurpose equipment which is used for land
preparation, sowing, fertilizing, leveling and weed removal process. The multi-crop planter has
the capability of delivering the seeds precisely with uniform depth in the furrow, and also with
uniform spacing between the seeds .The seed planter consist of the main frame, adjustable
handle, seed hopper, seed metering disc, adjustable furrow opener, adjustable furrow closer,
drive wheels, seed tube . Seed metering disc was designed to be interchangeable to allow for
sowing of the different varieties of seeds. The multipurpose agricultural equipment is very
simple to use, the various adjustments are made with ease, and it is maintenance free.

(iii)
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Chapter 1

INTRODUCTION
1.1 Introduction
Agriculture has been the backbone of the Indian economy and it will continue to remain
so for a long time. ―A man without food for three days will quarrel, for a week will fight and for
a month or so will die‖. Agriculture is a branch of applied science. Agriculture is the science and
art of farming including cultivating the soil, producing crops and raising livestock. It is the most
important enterprise in the world. Over the years, agricultural practices have been carried out by
small-holders cultivating between 2 to 3 hectare, using human labor and traditional tools such as
wooden plough, yoke, leveler, harrow, mallot, spade, big sikle etc. These tools are used in land
preparation, for sowing of seeds, weeding and harvesting.
Modem agricultural techniques and equipments are not used by small land holders because these
equipments are too expensive and difficult to acquire. By adopting scientific farming methods
we can get maximum yield and good quality crops which can save a farmer from going bankrupt
but majority of farmers still uses primitive method of farming techniques due to lack of
knowledge or lack of investment for utilizing modern equipment.
The use of hand tools for land cultivation is still predominant in India because tractors require
resources that many Indian farmers do not have easy access to. The need for agricultural
mechanization in India must therefore be assessed with a deeper understanding of the small
holder farmer‘s activities. There is huge gap in technology adoption and Implement used with
small and marginal farmers.
Sustainable improvement in the livelihoods of poor farmers in developing countries depends
largely on the adoption of improved resource conserving cropping systems. While most of the
necessary components already exist, information on the availability and performance of
equipment is lacking and effective communication between farmers and agricultural research and
development department is unsuccessful.

1.2 Main Features of Indian Agriculture
(i) Source of livelihood:
Agriculture is the main occupation. It provides employment to nearly 61% persons of
total population. It contributes 25% to national income.
(ii) Dependence on monsoon:
Agriculture in India mainly depends on monsoon. If monsoon is good, the production
will be more and if monsoon is less than average then the crops fail. As irrigation facilities are
quite inadequate, the agriculture depends on monsoon.
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(iii) Labor intensive cultivation:
Due to increase in population the pressure on land holding increased. Land holdings get
fragmented and subdivided and become uneconomical. Machinery and equipment cannot be used
on such farms.
(iv) Under employment:
Due to inadequate irrigation facilities and uncertain rainfall, the production of agriculture
is less; farmers find work a few months in the year. Their capacity of work cannot be properly
utilized. In agriculture there is under employment as well as disguised unemployment.
(v) Small size of holdings:
Due to large scale sub-division and fragmentation of holdings, land holding size is quite
small. Average size of land holding was 2 to 3 hectares in India while in Australia it was 1993
hectares and in USA it was 158 hectares.
(vi) Traditional methods of production:
In India methods of production of crops along with equipment are traditional. It is due to
poverty and illiteracy of people. Traditional technology is the main cause of low production.
(vii) Low Agricultural production:
Agricultural production is low in India. India produces 27 Qtls Wheat per hectare. France
produces 71.2 Qtls per hectare and Britain 80 Qtls per hectare. Average annual productivity of an
agricultural labour is 162 dollars in India, 973 dollars in Norway and 2408 dollars in USA.
(viii) Dominance of food crops:
75% of the cultivated area is under food crops like Wheat, Rice and Bajra, while 25% of
cultivated area is under commercial crops. This pattern is cause of backward agriculture.

1.3 Major Challenges Faced By Indian Agriculture
1. Stagnation in Production of Major Crops: Production of some of the major staple food
crops like rice and wheat has been stagnating for quite some time. This is a situation
which is worrying our agricultural scientists, planners and policy makers. If this trend
continues, there would be a huge gap between the demand of ever growing population
and the production.
2. High cost of Farm Inputs: Over the years rates of farm inputs have increased. Farm
inputs include fertilizer, insecticide, pesticides, HYV seeds, farm labour cost etc. Such an
increase puts low and medium land holding farmers at a disadvantage.
3. Soil Exhaustion: Soil exhaustion means loss of nutrients in the soil from farming the
same crop over and over again. This usually happens in the rain forest.
4. Depletion of Fresh Ground Water: Most of the irrigation in dry areas of Punjab,
Haryana and Western Uttar Pradesh was carried out by excessive use of ground water.
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Today fresh ground water situation in these states is alarming. In the coming few years if
this type of farming practice continues, these states are going to face water famine.
Adverse impact of Global Climatic Change: Among various challenges, global
climatic change is the recent one. It is predicted that due to climate change, temperature
would increase from 2°C to 3°C, there would be increase in sea level, more intense
cyclones, unpredictable rainfall etc These changes would adversely affect the production
of crops.
Impact of Globalization: You can see the effect of globalization on the farm sector in
India. All developing countries have been affected by it. The most evident effect is the
squeeze on farmer‘s income and the threat to the viability of cultivation in India. This is
due to the rising input costs and falling output prices. This reflects the combination of
reduced subsidy and protection to farmers.
Providing Food Security: Before the introduction of green revolution in India, we were
not self sufficient in terms of our food grain production. With the introduction of green
revolution, production of food grains increased substantially and India became self
sufficient. However, during the last one decade the total production has become stagnant.
On the other hand we have added another 16 to 18 million populations over this period.
Although India has become self sufficient in good it is yet to ensure food security which
is dependent upon accessibility, affordability as well nutritional value of the food
available. One of the biggest challenges facing India is Providing Food Security to its
population.
Farmers Suicide: Every suicide has a multiple of causes but when you have nearly
200,000 of them, it makes sense to seek broad common factors within that group. The
suicides appear concentrated in regions of high commercialization of agriculture and very
high peasant debt. Cash crop farmers seemed far more vulnerable to suicide than those
growing food crops. Yet the basic underlying causes of the crisis remained untouched.
Commercialization of the countryside along with massive decline in investment in
agriculture was the beginning of the decline. Withdrawal of bank credit at a time of
soaring input prices and the crash in farm incomes compounded the problems. Shifting of
millions from food crop to cash crop cultivation had its own risks. Privatization of many
resources has also compounded the problems. The devastation lies in the big 5 States of
Maharashtra, Andhra Pradesh, Karnataka, Madhya Pradesh and Chhattisgarh. These
states accounted for two-thirds of all farm suicides during 2003-08.Some of the major
factors responsible are indebtedness, crop failure and deterioration in economic status.
Decline in social position, exorbitant charges by local money lenders for the vulnerable
farmers, chronic illness in the family, addiction etc. have made life of farmers difficult.
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Table 1.1: Global ranking of India in farm production and productivity
Crop
Paddy
Wheat
Maize
Total cereals
Groundnut
Rapeseeds
Pulses
Potato
Fruits

Production rank
Productivity rank
2nd
30th
2nd
22nd
7th
35th
3rd
36th
2nd
40th
3rd
28th
1st
44th
4th
26th
2nd (10 per cent
share)
Vegetables
2nd (9 per cent
share)
Average size of farm holdings gradually reduced from 2.58 ha to 1.57 ha. Small and
marginal farmers have limited resources especially in rain-fed regions where only animal power
is used resulting in low productivity. Though agricultural production is high, per hectare
productivity is much lower than world average. There is an urgent need to increase productivity.

1.4 Farm Mechanization
(i)
(ii)
(iii)

Ensure timely field operations to increase productivity, reduce crop losses and
improve quality of agro produce.
Increase land utilization and efficiency
Increase in labor productivity using labor saving and drudgery reducing devices
besides, being cost effective and eco-friendly. Appropriate machinery have been
adapted by farmers for ensuring timely field operations and effective application of
various crop production inputs utilizing human, animal and mechanical power
sources.

Table 1.2: Level of Mechanization
Sl. No.
1.

2.

3.
4.
5.
6.

Operation
Tillage
Tractor
Animal
Sowing with drills and planters
Tractors
Animal
Irrigation
Thresher- Wheat
Paddy and others
Harvesting
Reapers
Plant protection

Department of Mechanical Engineering, CEC, Bangalore.

Percentage
40.2
15.6
24.7
28.9
8.3
20.6
37
47.8
4.4
0.56
0.37
34.2
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1.4.1 Tractor Drawn Equipments

Fig 1.1 Mahindra YUVO tractor

Fig 1.2 Cultivator

Fig 1.4 Half cage wheel

Department of Mechanical Engineering, CEC, Bangalore.

Fig 1.3 Disc cultivator

Fig 1.5 Gyrovator
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Fig 1.7 seed cum fertilizer drill

Fig 1.8 Tipping trailer

Fig 1.9 PTO Pump

1.4.2 Animal Drawn Equipments

Fig 1.10 Bullock draw ploughing

Department of Mechanical Engineering, CEC, Bangalore.

Fig 1.11 Iron plough
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Fig 1.14 Traditional weeder
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Fig 1.13 Traditional sowing method

Fig 1.15 Traditional leveler

Fig 1.16 Bullock draw seed cum fertilizer
Department of Mechanical Engineering, CEC, Bangalore.
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1.5.1 Advantages of Tractor Powered Equipment




Time consumption is very less.
Operation is easy.
Most suitable for larger fields.

1.5.2 Disadvantages Of Tractor.







Costly, High initial cost (6 to 8 lakh), high maintenance cost (diesel cost) and service cost
for replacing and repairs of the parts.
Tractor wheels will destroy furrows. An average weight of tractor is around 2 tons, when
its weight acts on soil it tends to form a clods these clods prevents the root growth.
Produces large amount of clods, hence clod breaker has to be used.
Tractors are not enough flexible for variations like edge tilling and corner furrowing.
Requires skilled person. The handling of tractor in an agricultural field is comparatively
difficult than conventional technique.
Once the crop is germinated tractor has no further use in cultivation process.

1.6.1 Disadvantages Of Bullock Powered Equipment.



Consume more time.
Difficult to cultivate large areas.

1.6.2 Advantages Of Bullock Powered Equipment





Low cost.
Suitable for all types of agricultural operations.
Flexible to changes; the irregular paths can be created according to requirements of the
former.
The seeds and the furrows will not be damaged as seen in tractors.

Department of Mechanical Engineering, CEC, Bangalore.
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Chapter 2

LITERATURE REVIEW
2.1 Scientific farming
Agriculture is an art, when science and technology go together then Indian farmers no
need to be in poverty forever. By adopting scientific farming methods we can get maximum
yield and good quality crops which can save a farmer from going bankrupt but majority of
farmers still use primitive method of farming techniques due to lack of knowledge or lack of
investment for utilizing modern equipment.

2.2 Scientific farming method for some of the major crops
1) Blackgram seed to seed







Land preparationFine tilled, ridges and furrows are formed for one feet distance (30cm).
FertilizerN.P.K=12.5 + 25 + 12.5 Kg
N.P.K=50 Kg/hectare
Sowingseed are sowing at a distance of
30cm*10cm*2cm [Row spacing *Plant spacing *Depth]
seed rate = 20KG per hectare.
Two leaf stage [7-12 days after] for primary weeding.

2) Lablab [field bean]








Land preparation-Lablab is a legume plant and it required fine tilling.
FertilizerNitrogen =10kg/ha
Phosphorus =50kg/ha
Sowing- 60cm*30cm*5cm [Row spacing *Plant spacing *Depth]
seed rate=25kg/ha
Two leaf stage [10 days after]-primary weeding.
Flowering stage-secondary weeding.
Pesticide - Carboryl solution [2gm/liter] for 15 days of interval.
malathion solution [1gm/liter]

3) Finger milled [RAGI]



Land preparation- Ploughing, Leveling for preparation of irrigation channels and beds.
Fertilizer application-

Department of Mechanical Engineering, CEC, Bangalore.
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60+30+30kg N.P.K =120 kg/ha
Sowing-Direct sowing of seed and seed requires for sowing per hectare is about 20kg's.
After 15 days weeding is done.

4) Cow pea








Land preparationPloughed, ridges and furrows of 1.5 feet wide, beds and channels of 4*6(for irrigation).
Fertilizer applicationBasal application - 23kg urea +125kg super phosphate per hectare.
Sowing- 45cm*20cm*2cm [Row spacing *Plant spacing *Depth]
Seed rate = [8 to 10kg/hectare]
Spraying fertilizers-This operation is carried after 30 days and 45 days.
Common spray fertilizer used for this seed is 2% of D.A.P solution is sprayed in 30 days
and 45 days.
Weed control-Weed can be controlled by manually in after 15 days and chemical method
by using 2ml of Basalin solution per liter of water after 3 days of sowing.
Harvest can be done after 70 days.

5) Sorghum [Jower]










Land preparationAppilacation of farmyard manure: 12.5 tons/hectares
Plouging -Iron plough -once or twice, ridges and furrows-6m long and 45cm apart
and form irrigation channels across the furrows.
Fertilizer application(For irrigated crop)
N.P.K=90:45:45(Kg/hectare) i,e 130kg/hectare basal application
(for rain fed crop )
N.P.K=40:20:0 (kg/hectare) i,e 60kg/hectare
Seed preparationFor preventing fungus, Dip the seeds in Carbendazim (2gm/liter solution for 1kg
of seed )
SowingSeed rate = 10kg/hectare
45*10*4cm [Row spacing *Plant spacing *Depth]
Weed managementA trazin solution - 500gm/ha apply using sprayer.
Hand weeding is after 30 days.

Department of Mechanical Engineering, CEC, Bangalore.
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6) Sunflower


Land preparationleveling, ploughing, formation of ridges and furrows, deep ploughing.



Fertilizer applicationN:(P2 O5):K(nitrogen : super phosphate : potassium) of 60:30:30kg per hectares
fertilizer will be given before sowing at basal application.
Sowingseed rate = 6kg/hectare
60*30*5cm [Row spacing *Plant spacing *Depth]
Irrigation-After sowing, 3rd day, 20th day after sowing, during early bud development,
twice during flowering and maturity stage.
Germination is after 5 days, thinning is done after 10 days of sowing.
Weed management –
Fluchloralin:-2 liter per hectare after 30 days after sowing.
hand weeding:-using hoe or spade.
Harvest-Harvest can be done by manually or mechanical threshing method.
Yield obtained after harvesting is up to 1800kg/ha.










7) Maize





Land preparationmanure application and ploughing, fine tilling, ridges and furrows forming.
Sowing45cm*20cm*5cm [Row spacing *Plant spacing *Depth]
Fertilizer200:100:80kg N.P.K per hectares = 380kg/ha.
Hulling-threshing for maize.

8) Mungbean [green gram]






Land preparationfine tilling, ridges and furrows for one feet wide.
Fertilizer application- 20kg urea per hectares
N.P.K=25:50:25 kg/ha
Sowingseed rate of 30kg/ha.
(30*10*2cm) [Row spacing *Plant spacing *Depth]
Weed managementhand weeding:-15th and 30th day after sowing.

Department of Mechanical Engineering, CEC, Bangalore.

Page 11

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

9) Ground nut











Land preparationPloughing 3 to 4 times in iron plough, along with form yard manure of 12.5
ton/ha.
Fertilizer applicationN.P.K=25:50:75kg/ha
Seed preparation is done using Rhyzobium of 1250gm/hectare along with Tridrodoma of
4gm/1kg of seed for reducing diseases in plant.
.
Sowing30*10*4cm [Row spacing *Plant spacing *Depth]
Seed rate =100kg/ha.
WeedingWeeding is done at regular interval of 40 days after sowing.
Fluchlorine = 1 liter/hectare
Pendamethalin = 3 liter/hectare
3.3ml Pendimethalin per liter will eliminates weeds up to one month
Harvesting- yield- 1000kg/hectares.

10) Pearl millet ( Bhajra )












Land preparationFine ploughed, ridges and furrows.
Seed preparation:-soak the seed in 2% KCL or 3% Nacl for 16hrs and shade dry it before
sowing.
Sowingseed rate is 5kg/ha
45*15*4cm. [Row spacing *Plant spacing *Depth]
IrrigationFrom the 1st day itself, next on the 17th and 30th day, 42th day, 58th day….
FertilizingN.P.K=70:35:35 kg/hectares.
weeding managementweedicide = Astrin solution 500gm/ha.
Hand weeding has to be done after 30 days of sowing.
Thinning- has to be done for 15cm gaps.
After total of 8 irrigation with 15 days gap each, harvesting has to be done.
Yield- 2865 kg/hectares.

Department of Mechanical Engineering, CEC, Bangalore.
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11) Pigeon pea [red gram]









Land preparation-fine tilled, ridges and furrows.
Fertilizer applicationRain fed crop
N:P:K[12.5:25:12.5] i,e.50kg/hectare + 10kg of gypsum. Basal application,
irrigated crop
N:P:K[25:50:25 of 1000kg/hectares]
Sowingseed rate 15kg/ha.
[90*30*2cm] [Row spacing *Plant spacing *Depth]
Final yield=1000kg/ha.
IrrigationLand is irrigated immediately after sowing. 3 - 4 times is enough for pigeon pea.
GerminationTakes place after 5th day.
weeding managementHand weeding has to be done after 25 days of sowing.
Weedicide will control the early growing weed
For controlling later emerging weeds manual weeding is done once in three week.

12) Paddy (seed to seed)
Direct seeded rice (DSR) - Direct paddy sowing is very economical and consumes less water
compared to traditional plant transferring method and consumes less fertilizer.







Land preparationPloughing and puddling.
puddling helps to create beneficial physical, chemical and biological condition for
crop.
Fertilizing10 to 15 tons of farmyard manure has to be applied before 5 days of sowing.
Seed rate- 40kg/hectares.
Sowing-20cm*10cm*3cm. [Row spacing *Plant spacing *Depth]
weed management - After 25th and 50th day of sowing.

13) Sesame


Land preparationClodding, ploughing, fine tilling and water channel has to be created using
bullock plough.

Department of Mechanical Engineering, CEC, Bangalore.
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Fertilizer applicationN.P.K=23:13:13 kg/hectares = 49kg/ha.
basal application i,e. applied in the furrow depths.
Sowingseed rate = 5kg/ha.
Spacing =30*30*3cm [Row spacing *Plant spacing *Depth]
2 or 3 seeds is enough a hole.
IrrigationOnce after sowing, before flowering once and during pod formation irrigation has
to be done.
ThinningBy leaving 2 to 3 plants at a hole remove all other plants to reduce computation
among plants. thinning process is done after 30days.
WeedingWeedicide =3.3 liters pendimethalin per hectares.
Hand weeding has to be done after 45 days of sowing.
Urea applicationAfter one month of sowing, urea is applied (top dressed0
Gap fillingIf any seeds are failed to grow then in that place new plants are planted by taking
a plant from excesses grown region.
Yield- 450 to 650 kg/hectares.

14) Soybean










Land preparation- Fine tilling.
Seed preparationSeeds are treated with fungicides like carbendazim before sowing.
Sowing30cm*5cm*3cm [Row spacing *Plant spacing *Depth]
Seed rate = 50kg/hectares.
IrrigationImmediately after sowing life irrigation is done on 3rd day. Further irrigation
should be done at interval of 7 to 10 days depending on whether and soil conditions.
Weed managementSpraying pendamethalin weedicide.
Manual weeding is after 30 days.
YieldRainfed crop = 1080kg/ha and for irrigated crop =1640kg/ha.

Department of Mechanical Engineering, CEC, Bangalore.
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2.3 Scientific Forming And Other Useful Information From Krushi Darshana
1) Weed management Weeding should be after 25 or 30 days of sowing.
 manual weeding - manual weeding requires 8 to 10 workers per hectare for hand
weeding in one day
 Equipment weeding - 1 weeder per hectare in one day can do the job.
 Chemical weeding - spraying of weedicides like "pendimethalin" of 1 liter is
mixed with 200 liters of water for one hectare. Spraying during weeding will
prevent formation of weeds during next one month.
2) Fungicide for seed preparation
Dip the seeds in carbendazim [2gm/liter/kg of seed]
3) If farmyard manure is used, then apply 10 tons of farmyard manure and cultivate the soil
using plough, cultivator or tiller.
4) Irrigation:-Is done once for every 10 days and during all the primary stages of plant.
5) Chemical Fertilizer
 50% of that is applied during sowing and before irrigation.
 25% of that fertilizer is given after 50 days of sowing.
 12.5% is given on 75 days after sowing.
 Remaining 12.5% is given on 100 days after sowing.
Fertilizing:- is usually done in 3 or 4 interval.
a. 1st interval (in sowing stage) = during sowing before irrigation in order to prevent
loss of fertilizer in water. Basal application-50% of total fertilizer is applied in 1st
interval.
b. 2nd interval (in vegetative stage):-after 50 days of sowing, fertilizer has to be
applied near the plant.[25% is applied]
c. 3rd interval (in flowering stage):-after 75 days of sowing, fertilizer has to be
applied near the plant bottom [12.5% is applied].
d. 4th interval (in pod formed):-after 100 days of sowing, fertilizer has to be applied
in ring method around the plant.12.5% of fertilizer is applied here.
6) PesticideUse of pesticide varies with varying in the type of pest.
7) 2016-2017 Central Government Rates For Each Quintal (100kg)
 Paddy-1510rs
 Jower-1625rs
 Pearl millet-1330rs
 Maize-1365rs
 Finger millet/Ragi-1725rs
 Sunflower seed-3950rs
 Niger-3825rs
Department of Mechanical Engineering, CEC, Bangalore.
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 Pigeon pea-5050rs
 Mung bean-5225rs
 Black gram-5000rs
 Ground nut-4220rs
 Soy bean-2775rs
 Sesame-5000rs
 Cotton-3860rs
8) Generally crops are classified into three types
 Karif crop:-Rainy season crops or monsoon crops for examples like paddy, maize
millet, cotton, sugar cane etc.
 Rabi crop-winter crops ex:-wheat, gram and mustard.
 Summer crop- ex:-ground nut, mung bean, red chilies etc.
9) Difference between Broad casting and Dibbing [sequencing sowing or drilling]
For pigeon pea sowing
In Broad casting method = 5 to 6kg per hectare
In Drilling/sequential sowing = 2kg per hectare. In both yield will be same. We
get approximate of 25 quintal per hectare i.e. 25000 kg/ha.
10) Modern agricultures point of view is getting different.
Earlier farmers used to check only final yield of an individual crop but now
farmers are paying attention towards each seed, each branch and each plant. i.e. "Earlier
agriculture was in crop level management now agriculture is in plant level management".
11) In modern days Agriculture workers are becoming rare, scare and insufficient. Hence we
have to adopt mechanized farming techniques.
 Now a day‘s mechanization has becoming a revolution in all fields.
 Required equipment is given under subsidies from both state and central government.
 This mechanized farming technique helps in having good quality and quantity of crops
with low cost.
12) AGRI MECHANIZATION
 Two blades plough will increases soil fertility and reduces ploughing time.
 After ploughing large harrows/cultivators should be used for loosening soil and leveling
the ground which in turn helps in easy growth of roots and helps in absorbing nutrients
from ground.
 Weeding equipments.
 Sowing equipments and fertilizing equipments.
 Threshing equipments.
 Single blade plough, two blade plough.
 Weeder blade.
 Harrow.
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Chapter 3

AGRICULTURE
3.1 Introduction
Agriculture is the art and underlying science in production and improvement of field
crops with the efficient use of soil fertility, water, labor and other factors related to crop
production. It is the most important enterprise in the world. About 70% of Indian populations
are either farmers or involved in some agricultural related activities

3.2 Steps Involved In Agriculture
a. Seed selection
Among varieties of crops, a suitable crop has to be selected for cultivation.

Fig 3.1 Selection of seeds
b. Land preparation
It involves tilling, ploughing and furrows and ridges formation

Fig 3.2 Ploughing

Fig 3.3 Forming ridges and furrows
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c. Fertilizer application: organic fertilizer is applied during ploughing, chemical fertilizer
is applied before sowing and during vegetative stage.

Fig 3.4 Fertilizer application
d. Seed preparation
Seeds are treated with fungicides like carbendazim before sowing.

Fig 3.5 Seed preparation

Fig 3.6 Fungicides

e. Sowing
Seeding or sowing is an art of placing seeds in the soil to have good germination in the
field

Fig 3.7 Sowing
Department of Mechanical Engineering, CEC, Bangalore.
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f. Irrigation
Watering the crops for its growth and development.
- Surface irrigation.
- Drip irrigation.
- Sprinkler irrigation.
- Rain dependent irrigation.

Fig 3.8 Irrigation
g. Germination – seed develops into a two leaf stage, tiny plant.

Fig 3.9 Germination
h. Thinning – only one plant is retained in each pit by plucking the excess seeding. One
healthy seeding is left and other seeding is plucked to support the complete resources of
water, fertilizer and spacing for single plant.
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Fig 3.10 Thinning
i. Filling – if there is no germination in some pits; when some seeds fail to germinate, then
seedling is plucked from where it is excess and planted at the empty space.
j. Weeding: The process of removing the unwanted plants in the field to ensure complete
utilization of resources only to the crop.
- Manual weeding (once in 3 weeks).
- Before sowing, field has to be ploughed well to remove all weeds.
- After germination tiny weeds area removed using weeding blade.
- After vegetative stage weedicides are sprayed. Chemical weeding - spraying
of weedicides like "pendimethalin" of 1 liter is mixed with 200 liters of water for one
hectare. Spraying during weeding will prevent formation of weeds during next one
month.

Fig 3.11 Hand weeding
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k. Vegetative stage – maximum growth of plant takes place in this stage.

Fig 3.13 Vegetative stage
l. Flowering stage: plant starts producing flowers in this stage.

Fig 3.14 Flowering stage
m. Pesticides spraying – When the crops are infested with pests use pesticides.

Fig 3.15 Pesticides

Department of Mechanical Engineering, CEC, Bangalore.
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n. Fruit/pod formation stage: At this stage development of fruit or pod takes place.

Fig 3.17 Pod formation stage
o. Harvesting stage – separating crop from soil.

Fig 3.18 Harvesting
p. Threshing – separating seeds from plants.

Fig 3.19 Threshing
Department of Mechanical Engineering, CEC, Bangalore.
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3.3 Classification of field crops
Classification of field crops is necessary to know the adaptation, habitat, life cycle,
nutrient requirement, insect-pest and disease reaction of crops, so that an appropriate production
technology could be developed and adopted for maximum productivity at minimum cost.
Field crop classification and its sowing specification is given in table 3.1

Table: 3.1 Field crop classifications and its sowing specification
Classification of Crops
Row to Row spacing*seed to seed
spacing*depth
In ‘cm’
Cereal Crops
Major Cereal Crops
 Paddy/Rice : Oryza sativa
 Wheat : Triticumaestivum
 Maize/Corn : Zea mays
 Barley : Hordiumvulgare

20cm*10cm*3cm
20cm*10cm*3cm
45cm*20cm*5cm
30cm*10cm*3cm

Major Millets
 Sorghum/Jowar
 Bajra/Pearl millet:Pennisetumtyphoides
 Ragi/Finger millet : Eleusinecorcana

45cm*10cm*4cm
45cm*10cm*4cm
20cm*10cm*5cm

Minor Millets
 Foxtail millet/Navane : Setariaitalica
 Little millet/Saame : Panicummilliare
 Kodo millet/Haraka
: Paspalumscrobiculatum
 Proso millet/Baragu
: Panicummillaceum
 Barnyard millet/Udlu

30cm*10cm*3cm
30cm*10cm*3cm
30cm*10cm*3cm
30cm*10cm*3cm
30cm*10cm*3cm

Pulse Crops
Grams
 Red gram/Pigeon pea : Cajanuscajan
 Bengal gram
 Chick pea : Cicerarietinum
 Black gram/Urd :
Phaseolusmungo/Vignamungo
 . Green gram/Mung :
Phaseolusaureus/Vignaradiata
 Horse gram : Macrotylomauniflorum
Department of Mechanical Engineering, CEC, Bangalore.
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Soybean : Glysine max
Field bean/Avare : Dolichos lablab
French bean : Phaseolusvulgare
Lima bean

30cm*10cm*3cm
60cm*30cm*5cm
60cm*30cm*5cm
60cm*30cm*5cm

Peas



. Pea : Pisumsativum
Cow pea : Vignaunguiculata

30cm*10cm*4cm
45cm*20cm*2cm

2017

Oil Seed Crops
Edible Oil Seed Crops
 Ground nut/Pea nut : Arachishypogaea
 Soybean : Glysine max
 Sunflower : Helianthus annus
 Safflower : Carthamustinctorius
 Sesamum : Sesamumorientale

30cm*10cm*4cm
30cm*10cm*3cm
45cm*30cm*5cm
60cm*30cm*5cm
30cm*30cm*3cm

Non Edible Oil Seed Crops
 Linseed/Flax :Linumusitatisium
 Castor :Recinuscomunis
 Cotton :Gossypiumhirsutum

90cm*30cm*3cm
90cm*30cm*3cm
90cm*30cm*5cm

Table: 3.2 Other types of crops
Fiber Crops
Fruit Fibres
 Cotton: Gossypiumhirsutum
 Kaps/Silk cotton: Ceibapentandra

Sugar Crops



Sugarcane: Sacharumofficinarum
Sugarbeet: Beta vulgaris

Commercial Crops
Stem/Stalk/BastFibres
 Jute: Corchoruscapsularis
 Mesta: Hibiscus cannabinus
 Ramei: Boemerianivea
 Roselle: Hibiscus sabdariffa
 Linseed /flax: Linumusitatisamum
Leaf Fibres/ Hard Fibres
 Sisal: Agave sisalana
 Henequan: Agavafourcroydes
 Manila hemp: Musa textiles










Sugarcane: Saccharumofficinarum
Cotton: Gossypiumhirsututm
Tobacco: Nicotianatabacum
Jute: Carchoruscapsularis
Potato: Solanumtubersosum
Chilli: Capsicum annum
Betelvine: Piper betel
Mulberry: Morus alba
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3.4 Sowing
Seeding or sowing is an art of placing seeds in the soil to have good germination in the
field. A perfect seeding gives
a. Correct amount of seed per unit area.
b. Correct depth at which seed is placed in the soil.
c. Correct spacing between row-to-row and plant-to-plant.

3.4.1 Methods of Sowing:
The sowing method is determined by the crop to be sown. There are 6 sowing methods
which differ in their merits, demerits and adoption. Those are:
1) Broad casting: It is the scattering of seeds by hand all over the prepared field followed
by covering with wooden plank or harrow for contact of seed with soil. Crops like wheat,
paddy, Sesamum, methi, coriander, etc. are sown by this method.


Advantages:

(a) Quickest & cheapest method
(b) Skilled labor is not required.
(c) Implement is not required.
(d) Followed in moist condition.


Disadvantages:

(a) Seed requirement is more.
(b) Crop is not uniform.
(c) Results in gap in germination & defective wherever the adequate moisture is
not present in the soil.
(d) Spacing is not maintained within rows & lines, hence interculturing is
difficult.
2) Drilling or Line sowing: It is the dropping of seeds into the soil with the help of
implement such as mogha, seed drill, seed-cum-ferti driller or mechanical seed drill and
then the seeds are covered by wooden plank or harrow to have contact between seed &
soil. Crops like Jowar, wheat Bajara, etc. are sown by this method.
 Advantages:
(a) Seeds are placed at proper & uniform depths
(b) Along the rows, interculturing can be done
(c) Uniform row to row spacing is maintained
(d) Seed requirement is less than ‗broad casting‘
(e) Sowing is done at proper moisture level.
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Disadvantages:
a) Require implement for sowing
b) Plant to plant (Intra row) spacing is not maintained
c) Skilled person is required for sowing.

Table: 3.3 Difference between drilling and broadcasting.
.Sl.No. Drilling (Line sowing)

Broadcasting

1.

Costlier

Cheaper

2.

Takes considerable time

Quickest and time saving

3.

Fixed seed rate

Higher seed rate

4.

Mechanization is possible, e.g. weeding,
harvesting

Not possible

5.

Uniform utilization of resources (land, water, Improper Resource utilization
light, nutrient, etc.)

3) Dibbling: It is the placing or dibbling of seeds at cross marks (+) made in the field with
the help of maker as per the requirement of the crop in both the directions. It is done
manually by dibbler. This method is followed in crops like Groundnut, Castor, Cotton,
etc. which are having bold size and high value.
 Advantages:
a) Spacing between rows & plants is maintained
b) Seeds can be dibbled at desired depth in the moisture zone
c) Optimum plant population can be maintained
d) Seed requirement is less than other method
e) Implement is not required for sowing
f) An intercrop can be taken in wider spaced crops
g) Cross wise Intercultivation is possible
 Disadvantages:
a) Laborious & time consuming method
b) Require more labour, hence increase the cost of cultivation
c) Only high value & bold seeds are sown
d) Require strict supervision.
4) Transplanting: It is the raising of seedlings on nursery beds and transplanting of
seedlings in the laid out field. For this, seedlings are allowed to grow on nursery beds for
about 3-5 weeks. Beds are watered one day before the transplanting of nursery to prevent
jerk to the roots. The field is irrigated before actual transplanting to get the seedlings
Department of Mechanical Engineering, CEC, Bangalore.
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established early & quickly which reduce the mortality. Besides the advantages &
disadvantages of dibbling method, initial cost of cultivation of crop can be saved but
requires due care in the nursery. This method is followed in crops like paddy, fruit,
vegetable, crops, tobacco, etc.
5) Planting: It is the placing of vegetative part of crops which are vegetatively propagated
in the laid out field. E.g.: Tubers of Potato, mother sets of ginger & turmeric, cuttings of
sweet potato & grapes, sets of sugarcane.
6) Sowing behind the plough: Sowing behind the plough is done by manual or mechanical
means. Seeds are dropped in the furrows opened by the plough and the same is closed or
covered when the next furrow is opened. The seeds are sown at uniform distance. Manual
method is a laborious and time consuming process. Seeds like redgram, cowpea and
groundnut are sown behind the country plough. Major sown crop is ground out. Seeds are
sown by mechanical means by Gorus – seed drill. A seed drill has a plough share and
hopper. Seeds are placed on hopper. Currently different types of seed drill are available.
7) Some other forms of sowing are:


Row planting: Mark the placement of a row within your garden, and then make a
furrow at the correct depth along the row. Some seeds may not sprout, so sow seeds
more thickly than you want the final spacing of the crops to be. Thinning rows is less
of a chore if you space seeds as evenly as possible. Cover the seeds with fine soil and
then firm them in with the back of a hoe to make sure that all the seeds are in contact
with the soil. Water gently. If you plan to use furrow irrigation, fill the furrows with
water first and then push the large seeds into the top of raised beds.



Wide row planting: This method allows you to plant more seeds in less space by
concentrating watering, weeding, and fertilizing in a smaller area. Rows are generally
10 to 16 inches (25 to 41 cm) wide. Sprinkle seeds over the entire row — with most
crops, try to land the seeds about 1/2 to 1 inch (1 to 2 cm) apart. For peas and beans,
space them 1-1/2 to 2 inches (4 to 5 cm). Cover small seeds with a thin layer of
potting soil. Lightly pat the potting soil down again to bring the added soil into firm
contact with the seeds.



Bed planting: Planting in beds is essentially the same as planting wide rows.



Hill planting: Plant seeds for vining crops that spread out, such as squash, melons, or
cucumbers, in hills or circular groups. Loosen the soil in a 1-foot-diameter (30 cm)
area, level the area, and then plant five to six seeds close together. Thin out all but the
two strongest seedlings.
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3.4.2 Factors affecting Germination and Emergence:


Viability of seed
 Soil temperature
 Availability of soil moisture to seeds
 Soil aeration
 Mechanical impedance of seedling emergence (resistance of soil to penetration by
seedling)
These are influenced by:
 Soil type
 Physical condition of the soil
 Depth of planting
 Intimacy of contact between seeds and soil
 Degree of compacting of soil above the seeds
 Formation of surface crusts after planting
 Final field stand is also due to disease, insects, and adverse environmental conditions.

3.4.3 Space For The Seedlings
Frequently, plant quality suffers from crowding too many plants into a small area.
Crowded seedlings become weak and spindly and are more susceptible to disease. Wider spacing
permits stronger growth. To produce high quality plants, space them so that the leaves of one
plant do not touch those of another. For maintaining spacing between the crops tinning and
filling is needed.

3.5 Methods Of Fertilizer Application

Fig 3.20 Methods of fertilizer application
Department of Mechanical Engineering, CEC, Bangalore.
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3.5.1 Broadcasting



It refers to spreading fertilizers uniformly all over the field.
Suitable for crops with dense stand, the plant roots permeate the whole volume of the
soil, large doses of fertilizers are applied and insoluble phosphate fertilizers such as rock
phosphate are used.

Broadcasting of fertilizers is of two types.

3.5.1.1 Broadcasting At Sowing Or Planting (Basal application)
The main objectives of broadcasting the fertilizers at sowing time are to uniformly
distribute the fertilizer over the entire field and to mix it with soil.

3.5.1.2 Top Dressing
It is the broadcasting of fertilizers particularly nitrogenous fertilizers in closely sown
crops like paddy and wheat, with the objective of supplying nitrogen in readily available form to
growing plants.
Disadvantages of broadcasting
 Nutrients cannot be fully utilized by plant roots as they move laterally over long
distances.
 The weed growth is stimulated all over the field.
 Nutrients are fixed in the soil as they come in contact with a large mass of soil.

3.5.2 Placement



It refers to the placement of fertilizers in soil at a specific place with or without reference
to the position of the seed.
Placement of fertilizers is normally recommended when the quantity of fertilizers to
apply is small, development of the root system is poor, soil have a low level of fertility
and to apply phosphatic and potassic fertilizer.

3.5.2.1 Plough Sole Placement
In this method, fertilizer is placed at the bottom of the plough furrow in a continuous
band during the process of ploughing. Every band is covered as the next furrow is turned. This
method is suitable for areas where soil becomes quite dry upto few cm below the soil surface and
soils having a heavy clay pan just below the plough sole layer.

Department of Mechanical Engineering, CEC, Bangalore.

Page 29

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

3.5.2.2 Deep Placement
It is the placement of ammoniacal nitrogenous fertilizers in the reduction zone of soil
particularly in paddy fields, where ammoniacal nitrogen remains available to the crop. This
method ensures better distribution of fertilizer in the root zone soil and prevents loss of nutrients
by run-off.

3.5.2.3 Localized Placement
It refers to the application of fertilizers into the soil close to the seed or plant in order to
supply the nutrients in adequate amounts to the roots of growing plants. The common methods to
place fertilizers close to the seed or plant are as follows:








Drilling
In this method, the fertilizer is applied at the time of sowing by means of a seedcum-fertilizer drill. This places fertilizer and the seed in the same row but at
different depths. Although this method has been found suitable for the application
of phosphatic and potassic fertilizers in cereal crops, but sometimes germination
of seeds and young plants may get damaged due to higher concentration of
soluble salts.
Side dressing
It refers to the spread of fertilizer in between the rows and around the plants. The
common methods of side-dressing are
Placement of nitrogenous fertilizers by hand in between the rows of crops like
maize, sugarcane, cotton etc., to apply additional doses of nitrogen to the growing
crops.
Placement of fertilizers around the trees like mango, apple, grapes, papaya etc.

3.5.3 Band Placement
It refers to the placement of fertilizer in bands. Band placement is of two types
.
3.5.3.1 Hill Placement
It is practiced for the application of fertilizers in orchards. In this method, fertilizers are
placed close to the plant in bands on one or both sides of the plant. The length and depth of the
band varies with the nature of the crop.
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3.5.3.2 Row Placement
When the crops like sugarcane, potato, maize, cereals etc., are sown close together in
rows, the fertilizer is applied in continuous bands on one or both sides of the row, which is
known as row placement.

Fig 3.21 Row placement

3.5.4 Pellet Application
It refers to the placement of nitrogenous fertilizer in the form of pellets 2.5 to 5 cm deep
between the rows of the paddy crop. The fertilizer is mixed with the soil in the ratio of 1:10 and
made small pellets of convenient size to deposit in the mud of paddy fields.

3.5.5 Advantages of Placement of Fertilizers
 When the fertilizer is placed, there is minimum contact between the soil and the fertilizer,
and thus fixation of nutrients is greatly reduced.







The weeds all over the field cannot make use of the fertilizers.
Residual response of fertilizers is usually higher.
Utilization of fertilizers by the plants is higher.
Loss of nitrogen by leaching is reduced.
Being immobile, phosphates are better utilized when placed.
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Chapter 4

ANALYIS OF PRESENT METHOD & METHODOLOGY
ADOPTED FOR THE PROJECT
4.1 Seed Cum Fertilizer Drill
Seed drills, fitted with fertilizer dropping attachment, distribute the fertilizer uniformly
on the ground. They deliver both the seeds and fertilizers simultaneously in an acceptable
pattern. Seed cum fertilizer drill has a large seed box which is divided lengthwise into two
compartments, one for seed and another for fertilizers distribution. It is called seed cum fertilizer
drill. Such a drill has a large seed box which is dividend lengthwise into two compartments, one
for seed and another for fertilizers. Seed drill may be classified as
1. Bullock drawn 2. Tractor drawn
4.1.1 Functions Of A Seed Cum Fertilizer Drill:
Seed cum fertilizer drill performs the following functions
 To carry the seeds and fertilizer in separate compartments.
 To open furrows at uniform depths
 To meter the seeds and fertilizers
 To deposit the seed and fertilizer in the furrows in an acceptable pattern
 To cover the seed and fertilizer and compact the soil around the seed.
4.2 Components Of Seed Cum Fertilizer Drill.
A seed drill with mechanical seed metering device mainly consists of:
a) Frame
The frame is usually made of mild steel angle section and flats. It is strong enough to
withstand all types of loads in working condition. All other parts of a seed drill are fitted
to the frame
b) Seed box
It is a box like structure made up of either mild steel or galvanized iron and provided
with a lid. In some designs a small agitator is provided at the bottom of the box which
agitates the seeds while the drill in operation and prevents clogging of seeds. Seed
metering mechanism is placed at the bottom of the box.
c) Fertilizer box
It is a box made up of either mild steel or galvanized iron which contains fertilizer in it.
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d) Seed metering mechanism
The mechanism which picks up seeds from the seed box and delivers them in to the seed
tube is called seed metering mechanism. Seed metering mechanism may be of several
types: (a) Fluted feed type (b) Internal double run type (c) Cup feed type (d) Cell feed
type (e) Brush feed type (f) Auger feed type (g) Picker wheel type and (h) Star wheel
type. Usually seed metering mechanism is provided at the bottom of the box.
e) Drive transmission system
The drive transmission mechanism consists of a wheel, sprocket-chain assembly and a
driven shaft that carry the seed picking discs. When the seed drill moves in the field, the
drive wheel rotates due to its contact with soil and the sprocket wheel also rotes. The
chain connecting the drive wheel sprocket and driven wheel sprocket rotates the shaft
carrying the seed metering discs.
f) Furrow openers
These are the parts which open up furrows in the soil for placing the seeds. Different
types of furrow openers in use namely Hoe type, Shoe type, Stub runner type, Full or
curved runner type, Single disc type, Double disc type etc. In cultivator type seed drills
the tines work as furrow openers.
g) Furrow closer
It is a device which closes the furrow with soil after the seed has been dropped in it.
Covering the seeds is usually done by chains, bars, packers, rollers or press wheels,
designed in various shapes and .sizes.
h) Transport wheel
There are two wheels fitted on an axle for transporting the drill on roads. Iron wheels are
used as transport wheels. Some manufacturers use pneumatic wheels. One of the
transport wheels is fitted with a suitable attachment to transmit the motion of the wheel
to the seed metering mechanism when the drill is in operation.

4.3 Types Of Seed Metering Mechanism
a. Fluted feed type The fluted wheel also known as fluted roller is driven by a square
shaft. There are horizontal groves provided along the outer periphery of the wheel
and wheel can be shifted sideways depending upon the seed rate. These rollers are
mounted at the bottom of the seed box. They receive the seeds in the longitudinal
groves and pass on to the seed tube through the seed hole.
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Fig 4.1 Fluted roller
b. Internal double run type
The internal double run feed mechanism has a double face wheel. One face has a
larger opening for course seeds while other face has smaller openings for small seeds.
Flapper gate is provided at the bottom of the box which covers the opening not in
use. The rate of seeding is controlled by changing the speed of the internal feed
wheels. This is done by meshing appropriate gears.

Fig 4.2 Internal double run type mechanism
c. Cup feed mechanism
The mechanism consists of a circular shaft mounted with many circular discs. Each
disc is provided with several cups or spoons in a circular path...This arrangement is
kept at the bottom of the seed box. When the shaft rotates, the discs also rotate. Seeds
are picked up by the cups and then dropped in to a funnel from where the seeds travel
through the seed tube and reach the furrows. The cups have two faces, one for larger
seeds and the other for smaller seeds
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Fig 4.3 Cup feed mechanism
d. Cell feed mechanism
It is a mechanism in which seeds are collected and delivered by a series of equally
spaced cells engraved on the periphery of a circular plate or wheel.
e. Brush feed mechanism
It is a mechanism in which a rotating brush regulates the flow of seed from the
hopper in to the seed tube. A number of bullock drawn planters in the country use
brush feed mechanism.
f. Picker wheel mechanism
It is a mechanism in which a vertical plate provided with radial projected arms picks
up and drop the seeds in to the furrow. It is suitable for large size seeds like potatoes.
g. Star wheel mechanism
It is a feed mechanism which consists of a toothed wheel, rotating in a horizontal
plane and conveying the fertilizer through a feed gate below the Star wheel.
h. Auger feed mechanism
It consists of an auger which moves the substance from the container and delivers in
to the field uniformly. Fertilizer drills are usually provided with auger feed
mechanism. Some manufacturers use this mechanism in seed drills also.
i. Seed tube
Seed tubes are provided at the lower end of the feed cups. They conduct seeds from
feed cups to the furrow lines through suitable boots and furrow openers
Polypropylene, rubber and steel tubes are used as seed tubes.
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4.4 Types Of Furrow Openers
The furrow openers are provided in a seed drill for opening a furrow. The seeds travel
through the seed tube and reach the furrow.
4.4.1 Shovel Type
Shovel type furrow openers are widely used in seed drills. There are three types of
shovels in use. They are: (a) reversible shovel (b) single point shovel and (c) spear head shovel.
Shovel type openers are best suited for stony and root infested fields. The shovels are bolted to
the shanks at their bottoms. Boots are fitted at the back of the shovels which carry the delivery
ends of the seed tubes. In cultivator type seed drills shovel type furrow openers are used.
4.4.2 Shoe Type
It works well in trashy soils where the seed beds are not smoothly prepared. They are
made from two flat pieces of steel welded together to form a cutting edge. It is specially suited
for black soils. Bullock drawn seed drills are provided with shoe type furrow openers.
4.4.3 Disc Type
They are two types: (a) Single disc and (b) Double disc types.
4.4.3.1 Single disc type
Disc type furrow openers are suitable to fields where plant residues or trashes are used as
mulches. It consists of a curved disc made of hardened steel. It is set at an angle which while
working shifts the soil to one side making a small furrow. Seeds are placed in the furrows. The
disc is kept clean by two scrapers, one toe shaped at the convex side and one ‗T‘ shaped at the
concave side. It works well in sticky soils also, but the discs are costly and maintenance is bit
difficult.
4.4.3 .2Double disc type
In double disc furrow opener there are two flat discs, set at an angle to each other. The
discs open a clean furrow and leave a small ridge in the center. The seeds are dropped between
the two discs, providing more accurate placement. It is suitable for trashy lands. Seed drills
operated at high speed; usually use this type of furrow openers.

4.5 Effect of Planter or Planting System Upon Emergence Factors:
 Good planter performance is essential for obtaining an adequate stand with crops whose
emergence is critical.



Precise depth control, placement of seeds into moist soil and non-crusting conditions
above the seeds are important for small seed vegetables and some other crops.
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 Packing of soil by planter can affect the availability of moisture, availability of oxygen
and mechanical impedance.

4.6 Precision Planting:
It means accurate spacing of single seeds in row, precise control of planting depth, especially
for shallow planting of vegetable crops, and creates a uniform germination environment for each
seed. The primary objective of precision planting is to obtain single plant spaced far enough
apart so that thinning can be done mechanically or with a minimum of hand labour. So, with
precision planting:
 Reduce thinning cost by doing thinning in less time
 Reduce shock to the remaining plants during thinning
 Maturing of crop is more uniform and thus increases the feasibility of nonselective harvesting of crops such as lettuce.

4.7 Principal requirement for precision planting with a cell type metering
devices are:









Seeds must be uniform in size and shape, preferably about spherical
The planter cells must be of proper size for seeds. Plates and other critical parts of
metering device must be accurately made.
The seeds must have adequate opportunity to enter the cells. Plate speed and exposure
distance of cells in hopper are basic parameters, with low speed.
A good cut-off device is needed to prevent multiple cell fill without causing excessive
seed breakage.
Unloading of seeds from cells must be positive.
The seeds must not be damaged enough to appreciably affect germination.
The seeds must be conveyed from the metering unit to the bottom of furrow in such a
manner that spacing pattern produced by the metering device is maintained.
The seeds should be placed at proper depth in a furrow with minimum of bouncing or
rolling in the furrow.

4.8 Factors Affecting Cell Fill and Seed Damage:
Percent cell fill is defined as the total number of seeds discharged divided by the total
number of cells passing the discharge point. According to this definition 100% cell fill does not
mean that every cell contains a single seed but implies that any empty cells are offset by extra
seeds in multiple fills. The most uniform seed distribution is obtained with combinations of seed
size, cell size, and cell speed that give about 100% cell fill. Cell fill is influenced by:
 Maximum seed size in relation to cell size
 Range of seed sizes
 Shape of seeds
Department of Mechanical Engineering, CEC, Bangalore.

Page 37

Design And Fabrication Of Multipurpose Agricultural Equipment




2017

Shape of cells
Exposure time of a cell to seed in the hopper
Linear speed of cell

4.9 The Type Of Planter
4.9.1 Broadcast Planters
Broadcast planters randomly distribute seed on the soil surface. As the seeds are
deposited on the soil surface (i.e. not in furrows created by a furrow opener) an additional
operation (e.g. harrowing) may be needed to cover seed. The use of a broadcast fertilizer
spreader to distribute seed on the soil surface is the most common example of the broadcast
planter. This type of planter is useful for establishing small seeds, particularly those with light
requirements for germination (such as some pasture grasses. Broadcast planter types are not
generally appropriate for cash crops because of the obvious limitations to controlling or meeting
agronomic requirements.

Fig 4.4 Hand held, human-powered, broadcast planter
4.9.2 Drill Planters
Drill planters randomly drop seeds in furrows to form definite rows of established plants.
This type of planter uses a mass flow type seed meter and is extensively used for the
establishment of both winter and summer crops where there is no need to place plants equidistant
down the rows. For example, almost all cereal crops (oats, wheat, barley, etc) are planted by drill
type planters. Reasonably accurate control over the planting rate per hectare can be attained.
Drill type planters are often known as solid crop planters because of the narrow row spacing
typically used.

Fig 4.5 Tractor-powered drill planter
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4.9.3 Precision Planters
Precision planters accurately place single seeds or groups of seed almost equidistant apart
along a furrow. They are typically used to plant crops that require accurate control of plant
population, and spacing between and along the rows. Crops in this category include almost all
the horticultural crops and field crops such as sorghum, maize, sunflower, soybeans and cotton.
Precision seed metering systems giving a precision drill, hill drop or check row planting pattern
are used on this type of planting machine

Fig 4.6 Single row, hand-pushed, precision planter

4.9.4 Dibble/Punch Planters
Dibble planters place a seed or a number of seeds in discrete holes, rather than furrows,
dug in the seedbed. Typically, although not necessarily, the holes are equally spaced and aligned
so as to form rows. Hand-operated dibble planters are commonly used to establish crops
(particularly inter-crops) in small-scale, low-resource agricultural crop production systems.
Tractor-mounted, dibble type planters are commonly used in horticulture to plant seeds into
seedbeds covered with plastic mulch. To date, few commercial dibble planters have been
available for large-scale production systems, particularly where there are crop residues on the
seedbed surface at planting.

Fig 4.7 Single row, hand-held, human-powered dibble planter
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CHAPTER 5

DESIGN AND FABRICATION OF MULTIPURPOSE
ARGICULTURAL EQUIPMENT
5.1 Objective of Our Project
The purpose of this project is to provide farmer with multipurpose equipment which
implements all the scientific farming specifications and technology to get maximum yield and
good quality crops by reducing investment and number of labor.
There are many tractor powered equipment which are suitable and economical only for more
than 5 acres of land. There are many hand pulled equipments which are only suitable for
gardening purpose. Our objective of making animal powered equipment is suitable for 1 acre to 3
acres of land it is both economical and modernized with scientific methods. Majority of the
Indian formers are the land owners of 1 to 3 acres. Hence it is most suitable for Indian economy
and farming techniques.

5.2 Factors That Influenced Design And Fabrication Of Our Euipment






Scientific farming methods
Precision farming
Acceptance for all types of seed to seed farming
Fool proofing
Portability of the equipment: our equipment is completely flexible for easy assembly and
disassembly.

 Low cost
5.3 Components of The Equipment
1. Yoke
To reach the optimum depth and width of cut when plowing high draft power is
required so the animals should be yoked close together. On a plowing yoke the animals
should be placed 90 cm apart (centre to centre) on the yoke shaft. If the yoke is too long
(animals >90cm apart) a strip of unplowed land will be left at the centre during plowing,
and if the yoke is too short (animals <90cm apart) the share cuts a narrow slice of
unplowed land. This means that it will take more time to plow a given area of land.
Hence our equipments requires a yoke of 6feet in length.
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Fig 5.1 Yoke design

Fig 5.2 Yoke and beam after fabrication
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2. Beam
An average Indian ox will be having 5 feet in height and 6 feet in length. Hence
for easy operation of the equipment a 9 feet long beam is required so that a safe distance
is maintained between animal and the equipment.

Fig 5.2 Beam design
3. Plough
Construction is simple, sturdy & durable. It is useful for all soils. Also useful for
ridging and clod breaking. It is drawn by a pair of bullocks.
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Fig 5.4 Plough design

Fig 5.5 Plough after fabrication
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4. Handle
Handle acts as an armrest for farmer and also helps him in guiding the animal in
straight path.

Fig 5.6 Handle design

Fig 5.7 Handle after fabrication
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5. Weeder Assembly
a. Weedicide container
Weedicide containers consists of weedicides which helps in avoiding of
weed formation by dripping it along the path between the crop.

Fig 5.8 Weedicide container design

Fig 5.9 Weedicide container with weeder frame after fabrication
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b. Weeder frame
This small frame helps in the attachment of leveler and weeding
equipment.

Fig 5.10 Weeder frame design
c. Weeder blade
It removes the weeds by applying force on the plant such that the weeds
are removed. Simultaneously during weeding weedicides are applied though holes
at the bottom of the container.

Fig 5.11 Weeder blade design
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6. Leveler blade
Weeder blade is extended by attaching the leveler blades with the help of
fasteners.

Fig 5.12 Leveler blade design

Fig 5.13 Leveler blade after fabrication
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7. Spike wheel
Spike wheels are used in order of preventing slip and to convert the linear animal
drawn power into rotational mechanical energy.

Fig 5.14 Spike wheel design

Fig 5.15 Spike wheel after fabrication
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8. Seed metering disc
Cell feed mechanism: It is a mechanism in which seeds are collected and
delivered by a series of equally spaced cells engraved on the periphery of a circular plate
or wheel.
Table.3

Seed Size(average diameter of seed)
10 mm diameter( large)

5 mm diameter(small)

Maize

Wheat

Ground nut

Black gram

Cow pea

Ragi

Soybean

Jowar

Pea

Sesame

Chick pea

Moog bean

Sunflower

Pearl Millet

Castor

Pigeon pea

Field bean

cotton

Seeds can be easily classified based on its average diameter of the seeds, hence our cell
feed mechanism consists of two types of cells. A series of 14mm diameter and 8mm depth cells
are machined in order to pick large seeds and a series of 8mm diameter and 4mm depth is created
in order to pick small seeds.
The cells are designed such that the angle between one cell to another is 15degrees, such
that the seeds are placed at every 10cm apart. If there is need of altering the distance between
one plant to another plant, then close every alternative cells such that the seeds are placed at
every 20cm apart and close two alternative cells such that the seeds are placed at every 30cm
apart. This mechanism is the only mechanism in which all type seed to seed cultivation is
possible and capable of operating under various seed spacing specification. Closing of the cells
can be done by using any simple tape or plaster.

Department of Mechanical Engineering, CEC, Bangalore.

Page 49

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

Fig 5.16 Seed metering device design
9. Fertilizer metering disc
Fertilizer metering disc consists spikes in the circular disc which acts a stoper for
the flow of the fertiler though the fertilizer metering container . The stoper allows the
fertilizer flow for every 15 degree raotaion in the disc.

Fig 5.17 Fertilizer metering disc design
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10. Shaft
Shaft is made up of a 120cm long threaded rod of 10mm diameter. It connects the
two spike wheels on either side of the equipment and all the seed metering and fertilizer
metering discs are mounted upon the shaft, such that when the wheel rotates, metering of
seeds and fertilizer takes place.

Fig 5.18 Shaft design
11. Seed metering container
Seeds are filled into the seed metering container with the help of hopper. Seeds
are lifted from the cell type mechanism of the seed metering disc.

Fig 5.19 Seed metering container
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Fig 5.20 Seed metering container after fabrication
12. Fertilizer metering container
Fertilizers are filled into the seed metering container with the help of hopper.
Seeds are pushed from the stopper type mechanism of the fertilizer metering disc.
Container is made up of CR sheet metal of gauge 16.

Fig 5.21 Fertilizer metering container
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Fig 5.22 Fertilizer metering container after fabrication
13. Seed hopper
Hopper is also made up of CR sheet metal of gauge 16. Seed hopper maintains a
uniform and continuous flow of seeds in the seed metering container.

Fig 5.22 Seed hopper design
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Fig 5.23 Seed hopper after fabrication
14. Fertilizer hopper
Hopper is also made up of CR sheet metal of gauge 16. Fertilizer hopper
maintains a uniform and continuous flow of seeds in the fertilizer metering container.

Fig 5.22 Fertilizer hopper design
Department of Mechanical Engineering, CEC, Bangalore.
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15. Furrow opener
Shoe type furrow openers ensure deeper seed placement in moist zone for sowing
under dryland condition. Shoe type furrow openers are provided for easy operation. The
proper depth of seed and fertilizer needs to be maintained for the proper germination of
the seeds. The depth of seed and fertilizer is controlled with the help of a stud on which
four numbers of Nuts are given to control the depth. The seeds are to be sown at a depth
of 2-3 cm and fertilizer to be placed at a depth of 3-4 cm. The depth control arrangement
controls the depth of the seed and fertilizer.

Fig 5.23 Furrow opener design

Fig 5.24 Furrow opener after fabrication
Department of Mechanical Engineering, CEC, Bangalore.
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16. Seed cum fertilizer frame
The frame is made of mild steel angle section and flats. It is strong enough to
withstand all types of loads in working condition. All other parts of a seed drill are fitted
to the frame

Fig 5.25

5.4 FINAL ASSEMBLY

Fig 5.26 Initial stage of fabrication

Fig 5.27 3D Model of the equipment

Department of Mechanical Engineering, CEC, Bangalore.

Page 56

Design And Fabrication Of Multipurpose Agricultural Equipment

Fig 5.28 Assembled equipment

2017

Fig 5.29 After painting & finishing

5.4.1 Assembly 1: Ploughing assembly

Fig 5.30 Ploughing assembly
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5.4.2 Assembly 2: Seed cum fertilizer assembly.

Fig 5.31 Seed cum fertilizer assembly
5.4.3 Assembly 3: Weeder assembly.

Fig 5.31 Weeder assembly
Department of Mechanical Engineering, CEC, Bangalore.
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5.5 Working
Generally cultivation of any crop involves various steps like seed selection, field
preparation, fertilizing, sowing, irrigation, germination, thinning and filling, weed removal,
vegetative stage, flowering stage, pesticide spraying, fruit or pod formation stage, harvesting and
threshing. Farmer has to use various agricultural equipments and labors for caring out those
steps, our purpose is to combine all the individual tools to form a multipurpose equipment which
reduces the overall equipment cost and labor cost and also increases the yield of the crop by
implementing scientific farming method.
Initially plough is connected to the beam using fasteners and tilling of the soil is performed, later
during sowing seed drill is attached to the beam along with leveler for leveling of soil for sowing
and fertilizing, the seed and fertilizer are stored in the primary seed and fertilizer box. The seeds
and fertilizer are provide to the secondary seed box to maintain the level of seeds in the box and
the disc picks up the seeds from the seed hopper and fertilizer hopper and drop them to the
furrow through the seed tube. When the seed is dropped at a specific distance then seed covering
device covers soil over the seed and after germination of seed takes place, weeds are also
developed in the field. By replacing the seed drill by weeding tools for the same beam
arrangement we can use it for weeding purposes. Weeding blade is attached in inclined position
such that it uproots the weeds and simultaneously weedicide is applied on the field by the
weedicide container attachment.

5.6 Comparison between present technologies of farming
Steps involved in
agriculture and features of
the mechanization

Primitive
method with
manual
workers and
bullock
equipment

Tractor
powered
modern
method
equipment

Multipurpose
agricultural
equipment

1. Crops selection

All types of
crops can be
cultivated

Only predesigned
type of cultivation
can be done

Suitable for all
types of seed to
seed cultivation

2. Field operation

Oxen ploughing –
3 times

Tilling using
cultivator once
and gyrovator
once and harrow
once

Oxen ploughing –
3 times

Department of Mechanical Engineering, CEC, Bangalore.

Page 59

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

3. Fertilizer application

Single worker and Seeder and
one day is enough fertilizer has to be
used

seed sowing and
fertilizer
application takes
place at a time

4. Sowing

Single worker is
enough

One hour for seed
sowing in seeder

No need of
additional worker

5. Irrigational canals

Furrows and
ridges to be
created for
surface irrigation

Furrows and
ridges cannot be
done

Furrows and
ridges to be
created for surface
irrigation

6. Thinning and filling

One worker is
required

One worker is
required

One worker is
required

7. Weeding

Extra workers
required depends
on the area of the
land

Weeding cannot
be done by using
tractor

Weeding is
mechanized here
and no need of
extra workers.

8. Implementation of
scientific method and
precision farming.

No

Yes

Yes

9. Quality and yield of
crops

Moderate

High

High

10. Suitable for total area of
land

Less than 3
hectares

More than 3
hectares

Less than 3
hectares

11. Number of workers
involved

High

low

Low

12. Time consumed for
working

More

Less

Moderate

13. Flexible for multipurpose
operation

Yes

No

Yes

14. Worker condition

Unskilled
workers can do
the job.

Required skilled
workers

Required skilled
workers
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5.7 Features Of Our Equipment
1. Multipurpose, can perform cultivations operations such as ploughing, cloud breaking,
sowing, fertilizing, leveling, weeding, weedicide application.
2. Multitasking, in one assembly of the equipment it performs sowing, fertilizing and
leveling. In another assembly it performs weeding and weedicide application.
3. Automated, the equipment can be animal powered or tractor powered just pulling of the
equipment is enough and rest of the actions are automated.
4. The Successful implement of scientific farming with our equipment will lead to higher
yield and better quality of crop.
5. Applicable for all type of seed to seed cultivation.
6. Sequential spacing of seeds will reduce the wastage of seeds and helps in the best
utilization of the field and reduces the thinning and filling effort.
7. Number of workers required is reduced excessively, which in turn reduces labor charges.
8. Variable with dimensions and farming specifications
9. Adopted scientific farming and Precision forming technology.
10. Our equipment is completely flexible for easy assembly and disassembly.

5.8 Application Of Our Equipment
1.
2.
3.
4.
5.
6.
7.

Ploughing
Clod breaking
Leveling
Sowing
Fertilizing
Weeding
Applying weedicide

5.9 Advantages Of Our Equipment
1. Includes scientific forming techniques. Sequence spacing seed sowing machine has more
advantages than regular seed sowing machine.
2. Involves precision forming and fool proofing technology. By using this machine, a single
seed can be placed in the desired spacing, so that the wastage of the seeds will be
reduced. This will reduce the thinning operation during the germination time.
3. Suitable for all types of seed to seed forming.
4. Low cost, it‘s the lowest priced multipurpose agricultural equipment ever built.
5. Multitasking, Both sowing and fertilizing is done simultaneously.
Department of Mechanical Engineering, CEC, Bangalore.

Page 61

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

6. Initial investment is less and maintenance free.
7. Reduces labors because of automation
8. Reduces time consumptions, since it is a three row operated equipment.

5.10 Results and conclusion
Practically our multipurpose agricultural equipment can be used for tilling, fertilizing,
sowing, leveling and also used for weed removal purposes. All the parts are connected in such a
way that in every stage of agriculture the equipment can be rearranged or easily assembled with
fasteners to required length and specifications of field operation.
Our team has successfully combined many ideas from various fields of mechanical engineering
and agricultural knowledge to improve the yield and by reducing the labor effort and expenses.
The whole idea of multipurpose equipment is a new concept, patentable and can be successfully
implement in real life situations.

5.11 Scope for future work
By increasing the equipment strength and quality to its peak, we can have multipurpose
agricultural equipment for life time usage. By providing hydraulics, gear arrangements and some
minor adjustments the equipment can also be made as tractor powered equipment.

Department of Mechanical Engineering, CEC, Bangalore.

Page 62

Design And Fabrication Of Multipurpose Agricultural Equipment

2017

Reference
1. Planters and their Components - J R Murray, J N Tullberg and B B Basnet, School of
Agronomy and Horticulture, University of Queensland, Australia.
2. Hand Book of Agriculture, Indian Council for Agricultural Research, New Delhi.
3. CHHIDDA SINGH, 1983, Modern Techniques of Raising Field Crops, Oxford & IBH
Publ. Co., New Delhi
4. GOPAL CHANDRA DE, 2008, Fundamentals of Agronomy, Oxford & IBH Publ. Co.,
New Delhi
5. RATHORE, P.S., 2002, Techniques and Management of Field Crop Production,
Agrobios (India), Jodhpur.
6. Krushi Darshan - Narrowcast Bengaluru
7. AG ENGG ( Agricultural Engineering ) 243 Lecture.
8. 8 Main Features of Indian Agriculture – Explained! - Article Shared by Pooja Mehta
9. India: Natural Environment, Resources and Development
10. INDIAN AGRICULTURE – AN INTRODUCTION by MM Pandey Director Central
Institute of Agricultural Engineering Bhopal, India
11. Livestock Census Report, 2003. Dept. of Livestock & Animal Husbandry, Ministry of
Agriculture, Govt. of India.
12. Data Book 2007. Indian Agricultural Statistics Research Institute, New Delhi.
13. Basic aspects of harnessing and the use of implements by Vieberg U, 1982.

Department of Mechanical Engineering, CEC, Bangalore.

Page 63

