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INTRODUCTION

India is the second largest producer of vegetables. About 175 types of vegetables are grown in India
including 82 field vegetables and 41 root (tuber and bulb) crops in India produces 14 % (146.55 million tons) of
world’s vegetables on 15 % (8.5 million hectares) of world area under vegetables. Productivity of vegetables in
India (17.3t/ha) is less than the world average productivity (18.8t/ha) in 2012-2013. Most of the vegetables like
tomato (Solanum lycopersicum), and peppers (Capsicum spp.) are first sown in nursery beds and later transplanted
manually either on ridges or on a well prepared seedbed.

Nasik is leading tomato producer in Asia; pimpalgaon has been creating production record in the tomato
market. This September, Pimpalgaon exported tomatoes worth Rs.90 crore to Pakistan and other neighbouring
countries. Now a day’s most of farmer uses mulching bed for tomato transplanting in Nasik. But they use traditional
method of transplanting with hand, which is labour and time consuming.

Most of Indian farmers have small land holding and have much below living standard. It is very difficult
for them to have costly agricultural machinery and equipment. But the development of Indian agriculture sector
depends on the development of farm machinery. There is need of cheap and easily available farm machinery to
reduce human efforts and the product damage. The available vegetable transplanter are expensive for the small scale
farmer, therefore these farmers use traditional methods of vegetable transplanting. In India most of the farmers
doing transplanting operation of vegetables with traditional methods, that methods include all operation such as
making holes in mulching paper, dugout pits on bed and transplant seedling in each hole are done manually. This
method of transplanting is time consuming and need maximum labour input, sometime there is lack of availability of
labour. The unavailability of labour, cause delay in transplanting operation which directly affects crop production
and economic condition of the farmer.

A human workforce contributes substantially to crop production in Indian agriculture. Approximately 220
million workers provide about eight per cent of all related agricultural activities. Although farm mechanization is
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increasing rapidly, it is the men whose tasks are predominantly affected. Whereas only hand tools were used in
ancient times, there has been a gradual improvement in their design, efficient handling, weight, and cost and worker
acceptance in recent times. People today realize that there are still many possibilities to modify these tools for better
work efficiency. The development of such equipment is necessary to overcome this problem which is easy to
transplant the vegetable and also labour and time saving.

I1. MATERIAL AND METHOD

The prototype was design for vegetable transplanting such as tomato, capsicum, etc.
2.1 Factors influencing the design are considered in details:
1. Dimension of seedling

The dimension of seedling is important to decide the diameter of hollow pipe, height of jaw and apex angle.
Canopy of seedling is considered to decide the diameter of hollow pipe, the average size of canopy is required to
avoid clogging in hollow pipe, also stage of seedling decide the height of jaw. The height of seedling should not be
more than 20cm
2. Dimension of coco peat

The height and diameter of seedling pot is important consideration in hand held vegetable transplanter, the
dimension of seedling pot is 5cm in width and height.
3. Preparation of mulch bed

The height of the mulch bed is important to decide the height of the implement for human comfort. The
dimension of mulch bed is 20cm in height and 60cm to 90cm in width is considered.
4. Hand grip

The diameter of handle is decided according to the average hand grip of human and also to maintain the
distance between handle and lever which should not exceed 4cm.
5. Apex angle
The apex angle 20 is inclined angle formed between the two edges, according to singh (1998). It ranges between
36° to 60° for proper penetration of implement into the soil; therefore apex angle of jaw is taken as 47.26°.

2.2 Design of various components of hand held vegetable transplanter is explained as below:
1. Hollow pipe

The hollow pipe is made up of mild steel, the diameter of pipe was 7cm decided on the basis of dimension
of coco peat and canopy of seedling. The height of hollow pipe is also important to decide for ergonomic
consideration, which is 74cm. Thickness of hollow pipe is 0.2cm, the hollow pipe is use to pass the seedlings to the
mulch bed.
2. Handle

It is use to hold and penetrate the jaw in the soil bed. It is made up of mild steel, diameter of handle (pipe)
is 2.5 cm decided according to average hand grip of human and length of handle is 14cm.The height of the handle is
calculated on the basis of average standing elbow height of female operator. Average standing elbow height of
female operator is 100 cm.

2.2 Working principle of the developed hand held vegetable transplanter

The main working principle of hand held vegetable transplanter is lever operated. This prototype has simple
mechanism; the jaw is operated with lever which is connected by gauge wire. The prototype in held position with
handle as the jaw penetrate into soil bed, pick up one seedling and drop into hollow pipe, then pull the lever upside.
The action of lever open the jaw inside the soil, at that condition seedling is drop into the pit. Now pick up the
implement in same position (jaw in open position), the outermost soil from jaw is come towards the root zone of
seedling. The main parts of implement are hollow pipe, handle, lever, jaw operating wire and jaw.

Adjustment:

1. Position of handle

2. Distance between handle and lever
3. Length of jaw operating wire

4. Diameter of hollow pipe
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Fig.1: Front view of handle

3. Lever
The lever is use to operate the jaw, which is made up of mild steel. The length of lever is 13cm, width is
2cm and the thickness of lever is 0.3cm.
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Fig.2: Front view of lever
4. Jaw
The jaw of prototype is functional part of implement, which include important operation during
transplanting. The length of jaw is 19.5cm and top width is 7cm. The apex angle 26 is inclined angle formed
between two cutting edges.
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Fig.3: Isometric and different views of jaw of the prototype
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Fig.4: Isometric view and different components of prototype
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Plate 1. Developed prototype of hand held vegetable transplanter

I1l. RESULTS AND DISCUSSION

The hand held vegetable transplanter consists of different component such as handle, lever, hollow pipe,
jaw, jaw operating wire. The total weight of implement is 270 g, which is easy to hold and operate. The diameter of
the hole punched is 70 mm and depth of operation achieved is 100 mm. This implement is beneficial to small land
holders and to those where lack of availability of labour. It is light weight, so there is no difficulty in handling. It
require skill operator for proper transplanting operation. The price of the implement is Rs.500/- which is economical
to farmer. The maintenance is not essential, so it is one time investment. It is design to transplant vegetable crops
only i.e. tomatoes, chilli, capsicum etc, but the canopy of seedling must be below 100 mm. The equipment is simple
in design and cheap in price.

Table 1. Field test of developed hand held vegetable transplanter

Sr. Length, m | Width,m | Area, m” Time Speed, TFC, EFC,

no. required, min km/hr ha/hr ha/hr

1 10m 5m 50 m* 15 0.261 0.02349 0.02
2 10m 5m 50 m® 15.5 0.255 0.02297 0.01935
3 10m 5m 50 m’ 16 0.25 0.0225 0.01875
4 10m 5m 50 m* 17 0.247 0.02223 0.01765
5 10m 5m 50 m* 17.5 0.245 0.022 0.0172
Mean 16.5 0.2516 0.02263 0.01859

The area selected was 50 m? having a dimension 10m x 5m of rectangular field. The number of seedlings
transplanted 60, time required to transplant 60 seedlings was 15 min, speed of operation found during the testing
was 0.25 km/hr, therefore theoretical field capacity for 50 m? area transplanted in 15 min was 0.023 ha/hr and actual
field capacity was 0.02 ha/hr, also field efficiency was 85.14%.
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Table 2. Comparison between transplanting with traditional method and that with developed hand held
vegetable transplanter

Particulars Traditional method Hand held transplanter
Avrea covered 1 acre lacre
No. of seedling transplanted 4000 4000
Time of operation 30 hrs 20hrs

Time required for making hole on mulch | 16hrs -
paper

Cost of operation 7 4900 14450

After the field test, the performance result is given by the comparison between traditional method of
transplanting and hand held transplanter. One acre area for tomato transplanting which is in rectangular shape
having a dimension 100 mx40 m was selected. The 25 number of mulch bed were formed in that area, also 4000
seedling were required to transplant one acre area. The required labour and time to transplant one acre area are
given in Table 2.

Plate 2. Field test of hand held vegetable transplanter

IV CONCLUSIONS

During the project of design, development and testing of hand held vegetable transplanter we get following results:

1. The field capacity of hand held vegetable transplanter is more than traditional method of transplanting.

2. The time required for operation is 20 hr for 2 labours by hand held vegetable transplanter and 46 hr for 2 labours
by traditional method

3. Cost of operation is much less than traditional method.
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Thus the hand held vegetable transplanter was found effective for transplanting tomato on well prepared
mulch bed. The performance evaluation of hand held vegetable transplanter was satisfactory for working on the
well prepared mulch bed. The actual field capacity and the field efficiency were found satisfactory.
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