Exercise no.  03

Title: Identification of  tillage and its Implements and their function
Tillage 

It is a mechanical manipulation of soil to provide favourable condition for crop production. Soil tillage consists of breaking the compact surface of earth to a certain depth and to loosen the soil mass, so as to enable the roots of the crops to penetrate and spread into the soil. 

Classification of Tillage 

Primary tillage:  The first cutting and inverting of the soil that is done after the harvest of the crop or untilled fallow, is known as primary tillage. It is normally the deepest operation performed during the period between two crops. Depth may range from 10–30 cm. Animal drawn implements mostly include country plough and mould-board plough. Tractor drawn implements include mould-board plough, disc plough, subsoil plough, chisel plough and other similar implements. Primary tillage implements are heavier than the secondary tillage implements.
Secondary tillage:  Tillage operations following primary tillage those are performed to create proper soil tilth for seeding and planting are secondary tillage.  These are lighter and finer operations, performed on the soil after primary tillage operations. Secondary tillage consists of conditioning the soil to meet the different tillage objectives of the farm. The implements include different types of harrow, cultivators, levellers, rotavator clod crushers etc.  Types

Exercise- Identify, draw and their function of the following primary and secondary tillage implements.

Primary tillage: The following are the implements used for primary tillage.
(1) Country or Indigenous plough:  It penetrates into the soil and breaks it open. The functional components include share, body, shoe, handle and beam (Fig. ). It can be used for dry land, garden land and wetland ploughing operations. 

Share - It is the working part of the plough attached to the shoe with which it penetrates into the soil and breaks it open. 

Shoe - It supports and stabilizes the plough at the required depth.
Body - It is main part of the plough to which the shoe, beam and handle are generally attached. In country plough body and shoe are integral part. 

Beam - It is generally a long wooden piece, which connects the main body of the plough to the yoke. 

Handle - A wooden piece vertically attached to the body to enable the operator to control the plough. 

Operational adjustments   

a) Lowering or raising the beam with respect to the plough body, resulting in a change in the angle of the share with the horizontal plane to increase or decrease the depth of operation.  

b) Changing the length of the beam (body to yoke on the beam) to increase or decrease the depth of operation. 

c) The size of the plough is represented by the width of the body
Fig :
(2) Mould board plough: 
Function: 1) cutting the furrow slice 2) lifting the soil 3) turning the furrow slice and 4) pulverising the soil. 
Components:  M. B. plough consists of: a) Share, b) Mould board, c) Land side, d) Frog and e) Tail piece. 

(A)  Share - It penetrates into the soil and makes a horizontal cut below the soil surface. It is a sharp, well-polished and pointed component. Different portions of the share are called by different names as: 1) Share point 2) Cutting edge 3) Wing of share 4) Gunnel 5) Cleavage edge and 6) Wing bearing. 

I. Share Point: It is the forward end of the cutting edge, which actually penetrates into the soil. 

II. Cutting Edge: It is the front edge of the share, which makes horizontal cut in the soil.  It is beveled to some distance. 

III. Wing of Share: It is the outer end of the cutting edge of the share.  It supports the plough bottom. 

IV. Gunnel: It is the vertical face of the share, which slides along the furrow wall.  It takes the side thrust of the soil and supports the plough bottom against the furrow wall. 

V. Cleavage Edge: It is the edge of the share which forms joint between mould board and share on the frog. 

VI. Wing Bearing: It is the level portion of the wing of the share, providing a bearing for the outer corner of the plough bottom. 

Material of Share:  The share is made of chilled cast iron or steel.  The steel mainly contains about 0.70 to 0.80 % carbon and about 0.50 to 0.80 % manganese besides other minor elements. 
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(B) Mouldboard - The mouldboard is that part of the plough which receives the furrow slice from the share. If lifts, turns and breaks the furrow slice. To suit different soil conditions and crop requirements, mouldboard has been designed in different shapes. The mouldboard is of following types: a) General purpose b) Stubble c) Sod or Breaker and d) Slat. 
i) General purpose - It is a mouldboard having medium curvature lying between stubble and sod. The sloping of the surface is gradual. It turns the well defined furrow slice and pulverises the soil thoroughly. It has a fairly long mouldboard with a gradual twist, the surface being slightly convex. 
ii) ii) Stubble type -It is short but broader mouldboard with a relatively abrupt curvature which lifts breaks and turns the furrow slice used in stubble soils. Its curvature is not gradual but it is abrupt along the top edge. This causes the furrow slice to be thrown off quickly, pulverising it much better than other types of mouldboard. This is best suited to work in stubble soil that is under cultivation for years together. Stubble soil is that soil in which stubble of the plants from the previous crop is still left on the land at the time of ploughing.  
iii) iii) Sod or Breaker type - It is a long mouldboard with gentle curvature which lifts and inverts the unbroken furrow slice. It is used in tough soil of grasses. It turns over thickly covered soil. This is very useful where complete inversion of soil is required by the farmer.
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(C) Land side - It is the flat plate which bears against and transmits lateral thrust of the plough bottom to the furrow wall. It helps to resist the side pressure exerted by the furrow slice on the mouldboard. It also helps in stabilizing the plough while it is in operations.  
(D)  Frog -Frog is that part of the plough bottom to which the other components of the plough bottom are attached. It is an irregular piece of metal. It may be made of cast iron for cast iron ploughs or it may be welded steel for steel ploughs. 

(E) Tail piece - It is an important extension of mouldboard which helps in turning a furrow slice.
Adjustment of mouldboard plough  

Vertical suction (Vertical clearance)  

It is the maximum clearance under the land side and the horizontal surface when the plough is resting on a horizontal surface in the working position. It is the vertical distance from the ground, measured at the joining point of share and land side. (Fig. ). It helps the plough to penetrate into the soil to a proper depth. This clearance varies according to the size of the plough
(Fig. 4

Horizontal suction (Horizontal clearance)  

It is the maximum clearance between the land side and a horizontal plant touching point of share at its gunnel side and heal of land side (Fig. 4). This suction helps the plough to cut the proper width of furrow slice. This clearance varies according to the size of the plough. It is also known as side clearance. 

Throat clearance:  It is the perpendicular distance between point of share and lower position of the beam of the plough. 

Plough size:  The size of the mouldboard plough is expressed by width of cut of the soil.
Another matter of MB Plough

Mould Board Ploughs:  These ploughs are used in areas where there is sufficient rainfall to produce to good crop.  It is also used to turn under the heavy growth of green manure crop to the proper decay and additions of humus to the soil. 

Types of Mould Board Ploughs 

1. One way or Two way ploughs  

Most of the walking type mould board ploughs are one way ploughs, that is they are designed to throw the furrow slice to only one side in the direction of the motion.  Two way ploughs are suitable for terraced land of hilly tracts and have the advantages that they do not upset the slope of the land nor leave dead or back furrows in the middle of narrow fields.  This is because the two bottoms are used alternately and the furrow-slices are thrown on the same side. The two way plough is also useful for ploughing irrigated land where it is required that the land be left without the depression of the dead furrows and ridges of back furrows.  Some of the two way ploughs have a single bottom but the provision is made to change the direction of throw of furrow slice at the end of the plot where the bullocks turn.  Such a plough is also knows as Turn Wrest Plough. 

2. Left hand or Right hand Ploughs  

These names refer to the direction of the throw of the furrow slice.  Most of the mould board ploughs are right.  Left hand type ploughs are rare in India because bullocks are trained to take turn on their left while ploughing
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(C) Disc Plough: It is a plough, which cuts, turns and in some cases breaks furrow slices by means of separately mounted large steel discs. A disc plough is designed with a view of reduce friction by making a rolling plough bottom instead of sliding plough bottom. A disc plough works well in the conditions where mould board plough does not work satisfactorily.  

Advantages of disc plough 

♦  A disc plough can be forced to penetrate into the soil which is too hard and dry for working with a mould board plough.

 ♦  It works well in sticky soil in which a mould board plough does not scour. 

♦ It is more useful for deep ploughing. 

♦ It can be used safely in stony and stumpy soil without much danger of breakage. 

♦ A disc plough works well even after a considerable part of the disc is worn off in abrasive soil. 

♦  It works in loose soil also (such as peat) without much clogging. 

Disadvantages of disc plough 

♦ It is not suitable for covering surface trash and weeds as effectively as mouldboard plough does. 

♦ Comparatively, the disc plough leaves the soil in rough and more cloddy condition than that of mouldboard plough. 

♦ Disc plough is much heavier than mouldboard plough for equal capacities because penetration of this plough is affected largely by its weight rather than suction. There is one significant difference between mouldboard plough and disc plough i.e. mouldboard plough is forced into the ground by the suction of the plough, while the disc plough is forced into the ground by its own weight. 

Types of Disc Plough  

Disc ploughs are of two types (i) Standard disc plough and (ii) Vertical disc plough.  

(i) Standard disc plough:  It consists of steel disc of 60 to 90 cm diameter, set at a certain angle to the direction of travel. Each disc revolves on a stub axle in a thrust bearing, carried at the lower end of a strong stand which is bolted to the plough beam. The angle of the disc to the vertical and to the furrow wall is adjustable. In action, the disc cuts the soil, breaks it and pushes it sideways. There is little inversion of furrow slice as well as little burying of weeds and trashes. The disc plough may be mounted type or trailed type. In mounted disc plough, the side thrust is taken by the wheels of the tractor. Disc is made of heat treated steel of 5 mm to 10 mm thickness. The amount of concavity varies with the diameter of the disc. The approximate values being 8 cm for 60 cm diameter disc and 16 cm for 95 cm diameter. A few important terms connected with disc plough is explained below
     Fig
Disc - It is a circular, concave revolving steel plate used for cutting and inverting the soil. 

Disc angle - It is the angle at which the plane of the cutting edge of the disc is inclined to the direction of travel. Usually the disc angle of good plough varies between 42° to 45°. 

Tilt angle - It is the angle at which the plane of the cutting edge of the disc is inclined to a vertical line. The tilt angle varies from 15° to 25° for a good plough. 

Scraper - It is a device to remove soil that tend to stick to the working surface of a disc.
Concavity - It is the depth measured at the centre of the disc by placing its concave side on a flat surface. 

Fig Angles of disc plough

 (ii) Vertical Disc plough: It is the plough which combines the principle of regular disc plough and disc harrow and is used for shallow working in the soil.  

Draft of disc plough  


The disc plough is lighter in draft than the mouldboard plough, turning same volume of soil in similar conditions. In very hard soil, some extra weight is added to the wheel which increases the draft.  

Another matter of Disc Plough
Disc plough - In the disc plough, the share, the mould board and coulter of the mould board plough are replaced by an inclined concave steel disc of 60-90 cm diameter, set at an angle to the direction of travel. Each disc revolves on an axle and the angel of the disc to the vertical position and to the furrow wall is adjustable. Lever arrangements are provided to lift the discs clear off the ground and for changing the angle of molding and adjusting the depth of penetration of the discs into the soil. While working, the discs rotate, scoop out furrows, invert the furrow slice and pulverize them thoroughly. Disc plough is especially useful under the following soil conditions: Soil with hard pan and sticky soil, dry hard ground, rough and stony ground, ploughing weedy lands and lands with stubbles, Deep ploughing.

Fig. 7.3a Disc plough
Rotary tiller:   The rotary cultivator is widely considered to be the most important tool as it provides fine degree of pulverization enabling the necessary rapid and intimate mixing of soil besides reduction in traction demanded by the tractor driving wheels due to the ability of the soil working blades to provide some forward thrust to the cultivating outfit.  Rotary tiller is directly mounted to the tractor with the help of three point linkage. The power is transmitted from the tractor PTO (Power Take Off) shaft to a bevel gear box mounted on the top of the unit, through telescopic shaft and universal joint. From the bevel gear box the drive is further transmitted to a power shaft, chain and sprocket transmission system to the rotor. The tynes are fixed to the rotor and the rotor with tynes revolves in the same direction as the tractor wheels. The number of tynes varies from 28 - 54. A levelling board is attached to the rear side of the unit for levelling the tilled soil. A depth control lever with depth wheel provided on either side of the unit ensures proper depth control. The following types of blades are used with the rotor.   i. 'L' type blade - Works well in trashy conditions, they are more effective in cutting weeds and they do not pulverize the soil much.
 ii. Twisted blade - Suitable for deep tillage in relatively clean ground, but clogging and wrapping of trashes on the tynes and shafts. 
iii. Straight blade - Employed on mulchers designed mainly for secondary tillage. 
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Chisel plough:  Chisel ploughs are used to break through and shatter compacted or otherwise impermeable soil layers. Deep tillage shatters compacted sub soil layers and aids in better infiltration and storage of rainwater in the crop root zone.  The improved soil structure also results in better development of root system and the yield of crops and their drought tolerance is also improved. The functional component of the unit includes reversible share, tyne (chisel), beam, cross shaft and top link connection.  
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Sub-Soil plough:   The function of the sub-soiler is to penetrate deeper than the conventional cultivation machinery and break up the layers of the soil, which have become compacted due to the movement of heavy machinery or as a result of continuous ploughing at a constant depth. These compacted areas prevent the natural drainage of the soil and also inhibit the passage of air and nutrients through the soil structure.  The sub-soiler consists of heavier tyne than the chisel plough to break through impervious layer shattering the sub-soil to a depth of 45 to 75 cm and requires 60 to 100 hp to operate it. The advantages are same as that of chisel plough.
Fig
Secondary tillage: The following are the implements used for secondary tillage.

(A) Harrow: Harrows are used to break the clods, pulverize the soil and cut the weeds at the time of preparing seed beds.  Some of the important functions are to prepare the seed bed, to cover seeds, to stir and spread FYM and fertilizers in the fields, to aerate the soil and to control the weeds. There are several types of harrows used in India such as disc harrow, spike tooth harrow, spring tooth harrow, acme harrow, triangular harrow and blade harrow.

(1) Disc harrow: It is a harrow which performs the harrowing operations by means of a set of a number of sets of rotating steel disc, each set being mounted on a common shaft.  Disc harrow are of two types, viz. tractor drawn and bullock drawn.
· Tractor Drawn Disc Harrow  

Disc harrow is found very suitable for hard ground full of stalks and grasses.  It cuts the lump of soil clods and roots.  Discs are mounted on one, two or more axles which may be set at a variable angle to the line of motion.  As the harrow is pulled ahead, the disc rotate on the ground.  Depending upon the arrangements of discs, disc harrows are divided into three classes. 

a. Single action 

b. Double action (Tandem) & 

c. Offset. 

I. Single Action Disc Harrow:  It is a harrow with two gangs plough end to end, which throw the soil in opposite direction.  The discs are arranged in such a way that right side gang throws the soil towards right and left side gang throws the soil towards left. 

II. Double action (Tandem) Disc Harrow:  It is a disc harrow consisting of four gangs in which a set of two gangs follow behinds the set of the other two gangs, arranged in such a way that the front and back gangs throw the soil in opposite directions.  It can be said that the two front gangs throw the soil outwards while the two rear gangs shift the soil inwards.  Thus the entries field is worked twice in each trip. 

III. Offset Disc Harrow: It has got only gangs, fitted one behind the other.  The soil is throws in both directions because discs of gangs face in opposite directions.  It is very useful for orchards and gardens.  The line of the pull is not in the middle hence it is called offset disc harrow. In offset disc harrow basic principle is that side thrust against the front gang is opposed by the side thrust of the rear gang. 

 Fig of above three

· Animal Drawn Disc Harrow: Disc harrow is used for breaking clods while preparing seed beds.  It has usually six or eight discs fixed in two gangs, each gang has three or four discs.  There is a strong frame made of mild steel, on which gangs with the disc are mounted. As operator's seat is also provided on the frame. Usually transport wheels are provided for easy movement of the harrow from place to place.  The size of the harrow is determined by the maximum width of cut of the soil.  The disc harrow varies between 80 to 100 kg only.  The disc harrow mainly consists of : (i)  Disc (ii)  Gang frame (iii)  Beam (iv)  Gang angle mechanism (v) scraper (vi)  Spacer (spool)  (vii)  Clevis  (viii) Axle (ix)  Middle type and (x)  Bearings.

(2) Spring Tooth Harrow:  It is a harrow with flexible teeth suitable to work in hard and stony soils. Spring tooth harrow is fitted with springs, having loops of elliptical shape. It gives spring action in working conditions. This type of harrow mainly consists of teeth, tooth bars, clamps, frame, clevis, lever and links. The spring steel teeth are fastened to the tooth bars by tooth clamps. 
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(3)  Spike Tooth Harrow:  It is a harrow with peg shaped teeth of diamond cross section attached to a rectangular frame. It is used to break clods, stir the soil, uproot the weeds, level the ground, break the soil crust, and cover the seeds. Its principle use is to smoothen & level the soil directly after ploughing.  Spike tooth type harrows may be of either rigid type or flexible type. The animal drawn spike tooth harrows are usually of rigid type. The tractor drawn harrows are usually of flexible type.  Spike tooth mainly consists of teeth, tooth bars, clamps, guard braces, levers and hooks.  The teeth are made or hardened steel.  Tooth bars are made of wood or steel.  All tooth are fastened rigidly to the tooth bar.  Clamps are used to fasten teeth to the tooth bars tightly so as not to be loose while in operations. 

Fig
(4) Acme harrow:  It is a special type of harrow having curved knives. It is also called as knife harrow. The front part of the knife breaks the soil and crushes the clods (Fig. ). This harrow obtains a good pulverization. It is good for mulching also.
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(5) Triangular harrow:  It is a spike tooth harrow with triangular frame (Fig. ). The frame is made of wood and pointed spikes are fitted in the frame. The teeth of the spikes are fixed and not adjustable. 

Fig

(6) Blade harrow (Bakhar): It is an implement, which consists of one or more blades attached to the beam or frame, used for shallow working of the soil (Fig. ) with minimum soil inversion. It is used to prepare seedbeds mostly in clayey soils. It works like a sweep, which moves into top surface of the soil without inverting the soil.
Fig

(B) Cultivators:  It is an implement for inter cultivation with laterally adjustable tines or discs to work between crop rows. The cultivator stirs the soil, and breaks the clods. The tines fitted on the frame of the cultivator comb the soil deeply in the field. A cultivator performs functions intermediate between those of plough and the harrow. Destruction of weeds is the primary function of a cultivator. The following are a few important functions performed by a cultivator. 

1.      Interculture the fields. 

2.      Destroy the weeds in the field. 

3.      Aerate the soil for proper growth of crops. 

4.      Conserve moisture by preparing mulch on the surface. 

5.      To sow seeds when it is provided with sowing attachments. 

6.      To prevent surface evaporation and encourage rapid infiltration of rain water into the soil. 
The cultivator can be 1) Disc cultivator, 2) Rotary cultivator, 3) Tine cultivator.

  Fig
Inter Cultural and Special Purpose Implements

Hand hoe (Khurpi) : Khurpi is a traditional hand tools and made by local artisans for the use on small and marginal farmers.  Khurpi is used in India may vary in their size, shape and weight, but they have common basic part i.e. a cutting blade and a small wooden handle for the grip.  The khurpi with a long narrow blade is preferred for weeding around the flower plants, broadcasted crops and vegetable crops.  However, a man can weed out about 0.025 hectare in a day under normal condition.  

Kodali : Kodali is similar to a phawara (broad spade), the difference being that instead of a wide thin cutting blade, a narrow long pointed thicker section blade is attached to the handle.  The person working with it has to bend his body.  It is used for inter cultivating maize and sugarcane crops, and for earthing up the potato crops sown in line.  About 0.04 hectare can be covered in a day by one man.

Spade: the spade is mainly used for removing soil. Spade handles are made out of light, but strong wood and the end may be D and T shaped. The D shaped handles are commonly available. The blade is connected straight way  to the handle wherein the blade is connected at right angles to the handle.
Sickle: It is used mainly for cutting grasses, harvesting rice, wheat etc. there are different kinds of sickles used in different part of the country. In some the cutting edges are serrated while in some others, the cutting edge is smooth but sharp.

Japanese rotary weeder: It consists of two small-toothed rollers or drums mounted on a frame provided with handle. Each roller consists of about 5-toothed blades. This implement, while working is pushed and pulled alternatively by the operator in between rows of rice crop. The float provided will guide the implements smoothly while working and prevent the implement sinking into the puddle. The weeder is used to bury the weeds into the mud so as to decompose them add organic matter to the soil, sufficient for working this implement. 

Cono weeder: It is also similar to rotary weeder in which instead of two toothed rollers or drums two toothed cones are mounted on a frame provided with handle. This implement while working is pushed and pulled alternatively by the operation in between rows of rice crop. The float provided will guide the implement smoothly while working and prevent the implement from sinking. 

Long-handled weeders: Long handled weeders are used for weeding in row crops for removing shallow rooted weeds. Useful in dry land and garden land crops when the soil moisture content is 8–10 percent. They are manually operated. One-man labour covers 0.05 ha/day. 

(a) Peg tooth type - It is a long handled tool consists of two numbers of 2.5 cm diameter, 120 cm long pipes over which 52 cm long handled is fitted. To the bottom of the vertical pipe frames, two arms made of 25 × 2.5 × 0.3 cm MS plates are fitted. At the extreme end of the arm, peg wheel is placed. The blade can be adjusted to the desired angle and depth. The peg teeth permit the movement of the roller in clay soil without getting clogged.

(b) Star wheel type - It is similar to the peg type weeder excepting that the star type roller facilitates easier operation of the weeders in loamy and sandy soils.
Bund former:  It is used for making bunds or ridges by collecting the soil.  Bunds are required to hold water in the soil, thereby one can conserve moisture and prevent run-off.  The size of the bund former is determined by measuring the maximum horizontal distance between the two rear ends of the farming boards.  Bund former consists of forming board, beam and handle (Fig.).
Fig

Ridger: It is an implement importantly used to form ridges required for sowing row crop seeds and plants in well-tilled soil.  The ridger is also used for forming field or channels, earthing up and similar other operations. Ridger is also known as ridging plough and double mould board plough.  The ridger generally has ’V’ shaped or wedge shaped share fitted to the frog.  The nose or tip of share penetrates into the soil and breaks the earth.  The mould boards lift, invert and also cast aside the soil, forming deep channels and ridges of the required size.  A ridger consists of beam, clevis, frog, handle, mould boards, share and sliding share.
Fig

Bed-furrow former - It is a tractor-drawn iron implement, which is capable of forming alternate beds and channels. It will form two beds and three furrows in one pass of unit. Using this implement a well defined, raised beds 30 cm wide at top and ‘V’ shaped channels 45 cm wide and 15 cm deep are formed on the well-ploughed and harrowed field. It covers an area of 3–3.5 ha/day.

Rollers - The rollers are used for breaking clods and compacting the soil. There are different types of rollers in use. 

(i) In Iron rollers cast iron rings of 0.6 m in diameter are fixed to an axle and provided with a hoped frame for hitching with power unit. Surface of the roller may be plain or fluted or ribbed. The fluted and ribbed rollers are more efficient in breaking clods. The plain rollers are used for compacting the soil surface. 

(ii) Stone rollers are commonly used for threshing grains. They are made up of cylindrical stone with 0.75 m length and 0.4 m diameter. 

(iii) Sheep foot roller is the latest implement developed by TNAU, to create partial compaction in rice fields in light soils. It has a cylindrical drum with projections on the surface like sheep foot.

Puddler:  Puddler is an implement for churning the soil with water. It is used to prepare paddy fields with standing water after initial ploughing with country plough.  It breaks up the clods and churns the soil. The main purpose of puddling is to reduce leaching of water or decrease percolation of water, to kill the weeds by decomposition and to facilitate transplantation of paddy seedlings by making the soil softer.  Puddling is done in standing water of 5-10 cm depth. A common puddler has puddling units each having four straight blades or paddles or fan type blades or squirrel type blade mounted on an axle.  The axle with the puddling units is fully mounted on two bearings fitted on a frame made of metal or wood.  The weight of the puddler is 30-40 kg.  A puddler consists of a frame, puddling unit, axle, metal cross beam and handle.
Fork: A fork is like the human hand in shape, with three to five strong pointed prongs or tynes. The prongs may be 10 cm to 20 cm long or sometimes more and fixed to a handle. Digging fork is used for stirring digging over the soil already turned by the spade. They normally have three prongs (but those with four are also available), which vary in size and shape. 
. 

