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1. Modern tractors in horticulture 

 
1.1 Basic terms 

 

The basic machines used in plant cultivation, one of the agricultural sectors, are the 

agricultural power machines, or tractors, as they are called in every day language. These 

tractors, depending on their application, are in many different versions available.   

 

Plant cultivation can be further subdivided into three areas: 

 

 Plant cultivation on arable land: food, fodder and industrial crops.  

 Horticulture: fruit, vegetable, and wine growing.  

 Grassland management. 

 

The law on arable land sets forth different categories of cultivation sectors according to 

their use, which correspond to the basic forms and methods of utilizing land (Table 1.1). 

 

Table 1.1 Agricultural land and the meaning of crop land 

Cultivation 

sector 

  

Arable land 

Agricultural land 

Crop land 

Garden 

Orchard 

Grapes 

Grass 

Forest  

Afforested area  

Marsh  

Fish pond  

Land taken out of cultivation  

 

 

In terms of the machines used in horticultural cultivation, we may distinguish between 

plantations and gardens. 

 

 

A plantation is established at a permanent location for the purpose of long-term 

cultivation. Whether to establish a plantation is a decision to be made for the long-term.  

The plantation‟s characteristics are that (i) it is planted for many years and (ii) the row 

and root distance of the plants is determined and fixed for several years.  The row 

distance must be such that it allows the machines to move freely between the rows 

(Figure 1.1). These are usually arboreal plants (with woody stalk). Consequently, they 

bear the mechanical effects of the cultivation well. 
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Figure 1.1 Machines moving between the rows 

 

The following is a list of the various plantation types. 

 

 Fruit tree: apple, pear, peach, cherry, sour-cherry, plum, etc. 

 Hedge: grapes, hop. 

 Bush: berries (raspberry, bramble, etc.). 

 Intensive: for example, modern orchards. 

 Tree nursery: growing propagating material. 

 Planted forest: for example, energy plantation. 

 

Gardens are, for example, the horticultural vegetable cultures. 

 

Their characteristics are: 

 Cultures (from  seed sown or transplanted): herbaceous, low height, 

 row spacing is fixed. 

 Row spacing is as big as required for the tractor‟s wheels to pass between them 

(Figure 1.2). 

 Their height allows the tractor (and its implements) to move above the rows 

(Figure 1.3). 

     
Figure 1.2 Tractor moving above   Figure 1.3 Vegetable cultivation  

the plants        
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1.2 Classification of tractors 

 

Tractors may be classified according to many different criteria (Table 1.2).  The 

individual classification criteria interrelate, since, for example, universal tractors, are 

equipped with different drive systems. 

   

Table 1.2 The main classification criteria of agricultural tractors and their names used 

Main classification criteria Names used Markings in use 

Size / capacity / according to 

tractive force 

heavy  

semi-heavy  

light  

Running component 

tire  

caterpillar  

rubber belt  

Power transmission 

mechanic  

hydraulic (hydrostatic)  

mixed (power-split) power-split 

Driving system 

front axle drive FWD / 2WD 

front axle auxiliary drive  FWA / MFD 

rear axle drive RWD / 2WD 

all-wheel drive 
4WD / AWD / 

4x4 

caterpillar / rubber belt  

Gear shift 

sliding gear  

synchromesh  

under load, adjustable partially 

or in the full range 

semi-power shift 

full-power shift 

CVT 

IVT 

Hydrostatic, continuous or 

infinitely variable transmission 
 

Steering system 

front-wheel  2WS 

all-wheel  4WS / AWS 

joint / articulated   
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turning brake steering  

skid steering skid-steer 

 

Application 

tilling tractor 

universal tractor 

special tractors 

horticultural tractor 

tool carrier 

plantation tractor 

gantry 

lawn mower (tractor) 

forestry tractor 

communal tractor 

 

 

1.3. Horticultural tractors 

 

Compared to the universal tractors, horticultural tractors have special structural 

requirements in order to be suitable for the various utilization areas.  The structural 

requirements are different in each cultivation sector.  The following are the most 

important requirements where recently significant innovations and developments have 

occurred: 

 Narrow structural design suitable for moving between the rows. 

 Adjustable wheel track and clearance enabling movement above the rows. 

 Several gears and continuous or infinitely variable transmission. 

 Easy turning: small turning radius to enable the tractor to turn at the end of the 

rows and, in case of lawn mowers, to avoid obstacles. 

 Increased stability, for example, on sloping areas. 

 Universality: front/back attachment possibilities (3-point hitch, PTO, hydraulic 

attachment). 

 Universality: possibility for applying a wide variety of adapters. 

 

 The following are some modern solutions meeting the above requirements: 

 

Steering:   - SuperSteer (New Holland) 

    - Zero Turn 

    - Synchro Steer (Cub Cadet) 

 

Stability:   - Kombi Trak/Terra Trac (Aebi) 

 

Communal tractors:  - KommunalTrak (KT), MFH (Aebi) 

 

Universality:   - Tecno (Avant) 
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1.4 Plantation tractors  

 

The so-called “plantation tractors” (basically in the universal tractors‟ order of 

magnitude) move between the rows planted in fixed locations for many years.  Therefore, 

narrow body design and narrow wheel track are the basic requirements (Figure 1.4). 

 

  

 

Figure 1.4 Application of plantation tractors 

 

The task of the plantation tractors is to operate machines for: 

 

 Planting the plantation (for example, building the trellis, pit drilling, post driving). 

 Cultivation work (for example, shallow tilling, disk harrowing, rotary tilling, 

chopping of trimmings and their incorporation in the soil, etc. 

 Treatment of the plantation plants (for example, hedge trimming, crown 

formation, energy supplying for mechanical pruning). 

 Plant protection (plant treatment, irrigation, spraying of hedges and limbs. 

 Harvesting, 

o Facilitation of fruit picking, for example, operation of tree shakers. 

o Towing of manual picking implements. 

o Transportation of material during fruit picking, such as depositing empty 

crates, transporting pickers, produce, and full containers, in each case to 

the required location. 

 

The characteristics of the plantation tractor (Figures 1.5 and 1.6) are the following: 

 

 The tractor‟s size must be appropriate for the row distance and the height of the 

plant,  

 

- Narrow wheel track: external width ≈ 60cm smaller than the row distance. 

- Gantry: arches over several rows, moves over the plants. 

- Universal tractor: adjustable wheel track for work in horticultural cultures 

on arable land. 



 7 

 

 Low center of gravity: on slopes, there is danger of rolling over (for example, in 

vineyards). 

 Increased clearance. 

 Significant climbing capability on slopes. 

 Small turning radius (necessary because of the turn is limited by the row 

distance). 

 Low ground pressure and small slip, as the tractor must move on the same track 

for many years, every year. 

 Good visibility: the operator must be able to see the cultivating equipment, taking 

into account especially narrow row distance and dense foliage. 

 Gentle gear shifting in the cultivation speed range (2-8km/h). 

 Climbing gear (for planting: ≈ 500 m/h). 

 Front and rear hitch system/hydraulic attachment to the driving mechanism of the 

tools and equipments: possibility to attach many different adapters. 

 Front and rear PTO (with a speed proportionate to the motor‟s speed). 

 Comfort conditions and safe work environment (slopes, branches, spraying) for 

the operator of the tractor. 

 

           
 

Figure 1.5 Plantation tractor    Figure 1.6 Narrow gage track 

 

Adjustable wheel track and big clearance are required for tractors cultivating arable land 

vegetables.  

 

Steering modern horticultural tractors 

 

SuperSteer 

 

Already in 1992 New Holland patented a new steering system, SuperSteer (Figure 1.7).  

This steering system allows for a radical decrease in the turning radius (according to 

manufacturing descriptions, even a 30% decrease) and a shorter turning time (Figure 1.8).  

At the present, the maximum wheel turning angle is ≈ 55
o
, since at bigger angles the 

steered wheels would hit the body of the tractor. With automatic all-wheel drive and a 
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maximum of 75° steering angle, the Supersteer front bridges make even a 3.4m turning 

radius possible.    

 

 
Figure 1.7 New Holland T4050 tractor 

 

 

 

 

 

 
Figure 1.8 Turning circle of SuperSteer steering 

 

The SuperSteer steering system combines bogie and axle stub steering in order to achieve 

the smallest possible turning circle radius (Figures 1.9 and 1.10). 
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Figure 1.9 Turning circle of SuperSteer 

 

   

 
Figure 1.10 Two elements of the steering angle achieved by SuperSteer steering 

 
 

 Figure 1.11 The principle of SuperSteer steering 

 

As Figure 1.11 indicates, the steering angle is the sum of the axle stub steering angle (≈ 

50…55°) and the bogie style front axle swivel angle (max. ≈ 20°). The novelty of this 

solution is that the front bridge is located in front of the rotational centre of the “bogie”.  

This leads to the result that when the “bogie” turns away, the internal, steered wheel 

moves away from the body of the tractor (decreasing the risk of getting hit), while the 

external wheel turns in front of the tractor (Figure 1.11).  
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Figure 1.12 NH T4000 turns in the orchard 

 

The advantage of these structural solutions is that the front additional weight is placed 

directly on the front bridge. Therefore, in case of an all-wheel drive the pulling force is 

almost constant also during steering.  These structural designs have a disadvantage as 

well.  The front 3-point hitch (as it is attached to the front bridge) does not turn away 

completely; it only follows the turning of the bogie. In addition, the front transmission 

shaft does not turn at all, which in case of such a significant steering angle may cause the 

front transmission shaft to hit the other structural parts (Figure 1.13). 

 

 
Figure 1.13 The front 3-point hitch and front transmission shaft of SuperSteer 
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1.5. Lawn tractors 

 
Figure 1.14 Zero-turn lawn mower 

 

 
Figure 1.15 Frontal self-adjusting wheels 

 

Dumb-waiters, shopping carts, strollers, etc. (but also, for example, armchair rollers) are 

well-known for the fact that their front wheels always set themselves to the travel 

direction no matter in which direction they are pushed. This concept is utilized in steering 

the so-called “zero-turn” lawn tractors which turn in their own length.  An important 

requirement for these tractors is that they should be capable of appropriately approaching 

and avoiding obstacles (for example, tree trunks, shrubs, bushes, etc.) in order not to 

leave uncut or untrimmed area. 

 

Their structural design has two main features. 

 

1. The front wheels are not driven.  They can make a full 360° turn around the vertical 

axis.  However, it is an important principle that while the axis of the wheels is 

perpendicular to the vertical rotational axis, in relation to that it is in a deviating position 

(Figure 1.15). 

 

2. The rear wheels do not turn (they have a fixed axle) and are driven hydrostatically, 

independently from each other.  It can be observed on Figure 1.14 that the tractor‟s 

operator can adjust with the continuous or infinitely variable transmission and the two 

joysticks the revolution and even the turning direction of the two rear wheels 
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independently from each other. In case of traditional front-wheel axle stub steering the 

center of the turning circle is outside of the vehicle on the extension of the axle line of the 

rear driven wheels.  In this case however as the center of the turning circle is the center of 

the rear fixed axle, with directing the drive, the tractor can even turn in its own length 

(Figure 1.16).  In this latter case, the two rear driven wheels revolve with the same speed, 

but in contrary direction.   

 

 
Figure 1.16 The turning circle radius of the tractor turning around its axle  

 

One practical disadvantage of this solution is that in case of sharp turns the front wheels 

may dig up the soil and damaging the grass specially, sensitive grass.  The other 

disadvantage is the lesser stability on slopes.  

 

Cub Cadet Synchro-Steer 

        
 

Figure 1.17 Synchro-Steer lawn mowing tractors 

 

The Synchro-Steer steering mechanism patented by Cub Cadet in 2009 is actually the 

development of tractors turning in their own length mainly for the purpose of solving the 

above mentioned problems of digging up the soil and grass, and stability (Figure 1.17). 
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This solution retained the independent drive of the rear wheels, but the steering and the 

turning of the front wheels are accomplished by the operator turning the steering wheel. 

   

 
Figure 1.18 The principle of Synchro-Steer 

 

As Figure 1.18 indicates, when the steering wheel is turned, the front wheels turn, 

simultaneously regulating hydraulically the revolution of the rear driven wheels and, if 

necessary, their turning direction.  Two foot pedals set the travel speed. This design 

enables the tractor to turn in its own length (Figure 1.19) and, on slopes, allows for a 

significant increase in stability at the time of turning.   

 
Figure 1.19 Synchro-Steer turning around its axle 

 

Stability of lawn mowing tractors 

 

Lawn tractors must often work on sloping areas such as on hills, on the banks of ditches, 

on the side of banks or dikes. In these cases, the primary criterion is the stability of the 

tractor.   

 

In the 1950s an Austrian company, Rasant, developed a special tractor which is suitable 

primarily for working on alpine pastures (Figure 1.20).  Later, the Swiss AEBI bought the 

company.  Since 1976, its TT (TerraTrac) tractor group (with a capacity range between 
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80-130 HP, 60-95 kW) has been world wide one of the most well known power machine 

in its category (Figures 1.21, 1.22, and 1.23). 

 

 

 
 

Figure 1.20 Rasant KombiTrak 

 

 

 

The main design features are the following: 

 

 The lowest possible mass center in the interest of increased stability. This is 

served by the portal-axle style transmission placed between the compensating 

gear and the wheel, which if compared to the traditional application is used the 

other way around. 

 Stability is secured by 1:1 ratio of the axle distance to the wheel track   

 Infinitely variable transmission (IVT) and hydrostatic all-wheel drive (4x4, 4WD) 

to ensure flexibility. 

 All-wheel drive (4WS) to ensure easy turning. 

 Excellent cross-country capability, tires with special moulding, on occasions, 

double tires. 

 In the interest of operator comfort, operator cab designed with shock absorber, 

convertible roof, and roll over protection system (ROPS). 

 The front and back 3-point hitch, the PTO, and the hydraulic plugs help universal 

application.  

 Intelligent field-profile tracking automatics for the lawn mowing adapters 

mounted on the front hitch. 
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AEBI TerraTrac 

 

 
Figure 1.21 TerraTrac TT70 

 

 

 

 
Figure 1.22 Front attachments a), b) 
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a)   b)  

 

Figure 1.23 Characteristic dimensions of TerraTrac: a) TT75, b) TT270 

 

The TerraTrac drive system (Figure 1.24) consists of a diesel motor located beside the 

driver seat, a high-pressure hydraulics pump, and a hydro-motor. The middle 

compensating gear distributes power between the front and the rear axles.  On each axle 

there is a compensating gear for separating the half-axles.  The portal style transmission 

between the compensating gear and the wheels ensures the low center of gravity required 

for preventing the tractor from rolling over, although this, as a result of the low clearance, 

reduces cross-country capability.  A mechanic distributor mounted on the diesel motor 

drives the front and rear transmission shafts. 

   

 
Figure 1.24 The drive system of TerraTrac (source: AEBI machine catalogue) 
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On Figures 1.25 and 1.26 the top category of the prime mover family is shown. 

 
. 

Figure 1.25 TerraTrac TT270 

 
Figure 1.26 TT270 in use (equipped with a soil miller) 

 

 

 

 

 

 

 



 18 

 

 
 

 

 

 

 

TerraTrac lawn mowers in use 

Extreme slopes 
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Figure 1.28 Applications of TerraTrac lawn mowers 

 

 

The machines used as examples on Figure 1.28 illustrate this version‟s suitability for 

work on steep slopes.  

When using lawn mowing adapters, deteriorating work quality resulting from sudden 

changes in the field may be prevented by the front hitch intelligent field-profile tracking 

device (Figure 1.29) which functions with an electronically steered hydraulic pressure 

adjusting equipment.  
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Figure 1.29 a) sudden slope, b) sudden climb 

 

Although this version was originally developed for lawn mowing, its current design 

allows its universal application in difficult field conditions as well. As a result of 

different attachment possibilities, the availability of various adapters, and the good cross-

country capability, it can be used for mulching, snow clearance, snow milling, but it is 

also capable of towing or transporting smaller machines.  

 

1.6. Communal tractors 

 

By developing the basic machine, AEBI created the KT (KommunalTrak) family with 

articulated steering and a rear loading area.  Its different versions are primarily used in 

the cities for cleaning and in parks for lawn mowing and garbage collection (Figure 1.30). 

 

 
Figure 1.30 AEBI KT-50 
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As a result of the various possibilities for attaching adapters, the AEBI machine family 

marked with MFH (MachinenFabrik Hochdorf) is excellent for cleaning and watering 

city streets and roads, and foliage and snow clearance (Figure 1.31). 

 

  

  
 

Figure 1.31 MFH2500 Street cleaning machine 

 

The TP (TransPorter) transporter-vehicle family utilizes the cross-country feature of the 

basic machine.  It is suitable also for use on steep slopes and has a 6x6 drive, pick-up 

transporter version (TP97) as well (Figure 1.32). 

 

 
Figure 1.32 TP transporter 
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Small-sized horticultural tractors 

 

There is a constantly increasing demand for small-sized machines of universal 

application with extremely good turning capability and a wide variety of adapters.   

 

The Bobcat category used since the 1960s, is the best representative of this structural 

design.   

 

AVANT Tecno 

 

The latest machine family in this category is the machine variety of the Finnish company, 

AVANT, founded in 1991, which is best known for its front adapter attachment.  The 

multi-faceted Avant small machines are suitable for performing tasks in a variety of 

narrow spaces (in the construction industry, agriculture, garden and park landscaping, 

maintenance) whether the task is soil work, loading or even lawn mowing (Figure 1.33).   

 

The characteristics of this machine family are the following: 

 

 Constant, all-wheel (4x4) hydrostatic drive with hydro-motors built into the 

wheels.  Steering is done by two pedals.  One regulates the speed of forward 

travel, the other the speed of backward travel, with continuous or infinitely 

variable transmission.  The speed is proportionate to the pressure on the pedal.    

 Wide variety of motors between 13-50 kW (18-70 HP) (petrol or diesel). 

 Skid-steering (possibility for the tractor to turn in its own length) or articulated 

steering to protect soil and grass. 

 Modern solution for front hydraulic adapter attachment (“boom”).  The front 

lifting may be steered by joystick-style arms. 

 Level controlling arm: possibility for automatic switching to horizontal position. 

 Variety of adapters: universal application, multi-functionality (more than 50 types 

of adapters are available, for example, for  soil work, loading, and different 

adapters driven hydraulically). 

 Rear towbar: towing possibility. 

 Low center of gravity ensures great stability. 

 Operator‟s comfort: cab with 360°visibility, protective roof, tubular frame 

providing protection in case the tractor rolls over (Roll-Over Protection System). 

 Options: revolving light, etc. 
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Figure 1.33 Avant Tecno lawn mower with adapter 

 

The Avant machine family is similar to the Bobcat in some respects.  One similarity is 

that some of its versions also use the skid-steer steering system applied by Bobcat in 

order to achieve a smaller turning circle and to enable the tractor even to turn in its 

length.  

 

a)     b)  

Figure 1.34 a), b) The theoretical construction of Skid-Steer 

 

Skid-steer is the typical steering method of small-sized trucks and universal mini-loader 

machines requiring great flexibility.  Skid-steer actually utilizes the principle of 

caterpillar steering and all its operational methods (including when the tractor turns in its 

length) on vehicles running on wheels.    

The small diesel motor drives a dual cog-wheel pump which supplies high-pressure oil to 

a hydro-motor mounted on each side.  The speed and the turning direction of the two 

hydro-motors may be adjusted with continuous or infinitely variable transmission by two 

joysticks. Each of the hydro-motors turns the wheels on its own side with forced-

connection drive (usually with chain drive) in order to achieve complete synchronization.  
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By appropriate steering simultaneously on both sides it can be achieved that the wheels 

on the two sides turn with the same speed but in the opposite direction.  As a result of 

this, the machine‟s turning center will be a point to be determined by the half of the axle 

distance and the half of the wheel track, meaning that the machine turns in its own length. 

The disadvantage of this method is that moving on hard (for example, asphalt or 

concrete) surface greatly wears out the tires because of their slipping, and moving on soil 

damages the soil substantially (Figure 1.34).    

The real innovative feature is the front adapter attachment.  This is located on a middle 

arm that may be lifted.  The hydraulic attachments necessary for driving the active 

adapters are placed also on the middle arm (Figure 1.35).  

 

                          
Figure1.35 Avant Tecno front hitch a) elevated b) lowered 

 

Articulated steering (Figure 1.36) decreases damage to the soil and the plants.  Figure 

1.37 shows an example for the operation of the level controlling arm with the possibility 

for switching automatically to a horizontal position. 

 
Figure 1.36 Articulated steering 

 

 
Figure 1.37 The automatic leveling of the elevating arm 
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Figure 1.38 shows some characteristic applications of the small-sized machine.                

 

Application possibilities of the AVANT Tecno series 

Lawn mowing   
 

Earth work  

Fodder treatment  

 

Snow clearance 

 

 

Towing 

 

 
Loading 

 

Bale grapping adapter 

 
Figure 1.38 Avant Tecno applications 
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1.7 Application of Quad (ATV) in horticulture 

 

This machine was developed in the 1960s in Japan for the purpose of enabling travel 

from closed-off mountain villages to towns.  Not surprising, therefore, that even today the 

most well-known manufacturers of these machines are Japanese companies, such as 

Honda, Yamaha and Kawasaki. 

 

By 1970, the Qaud appeared also in the US, first as a sports vehicle.  Since 1980, 

American farmers have started to use it in field traffic, transportation and, later on, in 

forestry, horticulture, and grape cultivation as well, even in animal breeding, for example, 

in cattle driving.   

 

Today, the “quad” vehicle is often used in horticulture because of its small size, 

flexibility, good cross-country capability. If used as commercial vehicles they are usually 

called ATV (All-Terrain-Vehicle).  Currently, there are many different adapters and 

fittings available. For example, towbar, front or rear hitch systems, or even PTO can be 

ordered (Figues 1.39, 1.40 and 1.41).  In the US, the law defines it as a separate category 

(MAV: Multipurpose Agricultural Vehicle).. 

 

 
Figure 1.39 3-point hitch on an ATV 

 

The main features of ATVs are the following: 

 All-wheel drive. 

 Its motor is usually bigger than 400cm
3
. 

 Its capacity is greater than 25 kW (35 HP). 

 Its mass usually exceeds 350kg. 

 For transporting smaller masses, it usually has a front and rear loading area. 

 It is supplied with towbar. 

 

http://www.atvworld.com/agircultural(cycle)3point.htm
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Figure 1.40 Yamaha ATV manufactured in 1988, supplied with a transmission shaft 

(Terrapro PTO) 

 

 
Figure 1.41 Lawn mowing with an ATV supplied with a transmission shaft 

 

The quad as an ATV has become a useful, multi-functional machine on farms. 

 

On Figure 1.42 several agricultural applications can be seen. 

 

 

 

 

 

 

 

 

http://www.yamaha-motor.com/outdoor/epic_atv/1988_terrapro_small.aspx
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Agricultural/horticultural application of the ATV 

 

 

Transportation 

  

 
Spraying 

 
Lawn mowing 

 

Towing      

 
Field leveling 

 

Figure 1.42 Agricultural applications of the ATV 
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Control questions: 

 

1/ How can the agricultural tractors be classified? 

2/ Which are the main characteristics of a plantation tractor? 

3/ How does the SuperSteer steering is working? Sketch its arrangement! 

4/ Sketch the construction of the zero-turn lawn tractors! 

5/ Why is the stability of the loan tractors important? How can their stability ensured? 

6/ Characterise the modern universal small tractors! 

7/ How does the skid-steering works? 

8/ What does the ATV is meaning? In which area of the agriculture can they be used? 
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2. Machines used before and during planting. Soil cultivation in the 

production of vegetables, fruit and grapes. 
 

2.1 Machines used preceding the planting 

 

2.1.1 The meaning of the term „land improvement”, its main tasks and the 

preparation of the area for cultivation 

 

 The planting of horticultural plants (such as grapes, fruit, berry fruits, nurseries) 

requiring constant soil supply is preceded by careful planning and organization. The 

arable land must be capable of production, and all producers are obligated to maintain 

and protect its fertility. 

 

 The term „land improvement” means any effect (intervention, procedure, method) 

or system of effects on the soil, the purpose of which is to: 

 

a) increase soil fertility permanently, and 

b) terminate or substantially decrease unfavorable natural conditions. 

 

 Land improvement activity means performing all agro-technical, biological, 

chemical, and technological (soil protection, land drainage, water utilization and other) 

procedures in order to protect the fertility and the condition of the soil.    

 

 The elements of land improvement are the following: 

 

- re-shaping sloping areas, 

- soil protection (forest/shelter belts, erosion, protection against deflation), 

- water management (termination of water rills), drainage, and 

- soil improvement (changing the soil‟s chemical reaction, for example, by using 

lime). 

 

The purpose of land improvement is to perform any and all tasks on agricultural land 

in the interest of production, and to create the optimal conditions required for the 

application of production technology, work organization, modern technology, and 

effective soil protection.   

 

2.1.2 LAND USE PLANNING  

 

Before the geodesic marking of the land designated for planting, it may be 

necessary to remove trees, shrubbery, bushes, and stones preventing earth work. Two 

main categories of machinery are used in this phase, machines used in the field clearing 

and field shaping. 

 

 Machines in field clearing  

- machines used in clearing shrubbery and bush 
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 bush crushers, 

 bush breakers, and 

 bush cutters 

 

 

- machines used in handling stumps 

 

 stump extractors, 

 fraises, 

 millers, and 

 stump cutters (machines cutting around the stump) 

 

 

- root rakes 

 

- stone removers 

 

In exceptional cases, machines for replanting old trees may also become 

necessary if a valuable plant must be removed in the interest of utilizing it in 

another location. 

 

Machines in field shaping  

 

 dozers,  

 scrapers, and 

 graders 

 

  

The soil is prepared before marking the earth work.  In field clearing, the most 

important machines are those involved in clearing bushes, handling stumps, and 

removing stones.  (Szabó, 1977) 

 

2.1.2.1 Field clearing machines 

 

Machines used in clearing shrubbery and bushes 

 

 Bushes can be cleared by crushing, breaking, and cutting. Generally, caterpillar 

tractors, capable of easy field maneuvering, are used.  Bush crushers work most 

efficiently. These are manufactured in full or semi towed versions.  Crushing and 

chopping are done by knives rotating with a high revolution per minute (5,000 rpm). 

Cutting is assisted by a reciprocating-blade.  The equipment is capable of chopping 

branches with a diameter of even 50-60mm.  Bush breakers work successfully on areas 

covered with dense shrubbery. The machine consists of drum crushers with a diameter in 

excess of 400mm, equipped with breaking blades. It weighs 1.4 – 10 ton, and is towed by 

a 30-75 kW tractor. 
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 Brush cutters are mounted on caterpillar tractors with easy field maneuvering 

capability.  Generally, they consist of two main parts: a universal sliding frame and a 

working unit. (Figure 2.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Brush cutter  

  

The universal sliding frame is hinged with the engine. A plate with cutting edges, 

replaceable at the bottom, is mounted slantwise on the sliding frame. These cut the roots. 

Hydraulic cylinders adjust the cutting depth. While moving forward, the machine‟s 

cutting mechanism shoves the shrubbery and the bushes horizontally to the sides while, at 

the same time, reaches under them, cuts and lifts them out. The machine‟s work width is 

2.8 – 3.6m, and its area capacity is 0.3 – 0.5 ha/h. 

 

Machines used in handling stumps 

 

 Handling stumps is one of the hardest and greatest energy consuming tasks in 

field clearing. In the simplest case, a tractor equipped with a cutting edge and a sliding 

plate may be used. (Figure 2.2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Stump extractor with sliding plate 
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The task of stump extractors, regardless of the tree type, is to remove big stumps 

from the soil. Hydraulic versions have replaced earlier used mechanical versions. With 

these machines, in addition to removing stumps, trees may be felled or the soil may be 

cleared from bigger stones which may then be transported to a nearby area.  The stump is 

approached by the equipment in reverse.  In this position, the machine sinks into the soil. 

Afterward, by lifting the post and the equipment simultaneously and tilting the post 

backwards, it removes the stump from the soil. Depending on its make, the machine is 

capable of removing 150 – 300 stumps in every 10 hours. The engine operates with 75 

kW.   

 

 Fraises and millers with a diameter up to 500mm are economical.  These may be 

used also for removing stumps left on the cutting area. 

             
Figure 2.3 Stump extractors 

 

The PTO drives the machine mounted on the tractor‟s 3-point linkage hitch system. Its 

operating element is a short taper screw (Figure 2.4a)  which, by penetrating the stump, 

splits it apart, and the milling disc splinters it. An engine with at least 60 kW is necessary 

to drive the stump miller (Figure 2.4b) which may be attached with a 3-point linkage 

hitch.  The milling drum is driven via the PTO through the transmission shaft, angle gear, 

and V-belts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Fraise, miller 
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The machine‟s structural specialty is that the milling drum is equipped with milling 

knives fixed to the milling drum‟s mantle enabling them to rotate free around their 

horizontal axle.  The edge of the replaceable milling knives is made of a heavy metal, 

blunt-proof facing.  The knives are installed along a helical line.    

 

The machine‟s drum cutting around the stump (Figure 2.5) is driven mechanically 

via the tractor‟s PTO. The drum is made of a plate mantle, with a rim welded to its top. 

The drum attaches to the driving box through this.  The drum may be manufactured in 

different diameters (usually 500 – 700mm) and lengths (usually 800 – 1,200mm).  These 

dimensions determine the machine‟s utilization possibilities.  A knife-wreath attaches to 

the lower part of the drum, with internal and external grading teeth.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 Stump cutter 

 

The spiral shaped belt on the drum removes shavings and earth. A hydraulic cylinder 

operating the ejecting drum – is attached to the top part of the drum.  After the stump has 

been cut around, the ejecting drum ejects the stump heart after having lifted cutter drum 

and tilted it backwards. A tractor with 60 – 100 kW is necessary to operate it depending 

on soil compaction and the diameter of the stump. (Horváth B., 2003)  
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Root rakes 

  

 Root rakes (Figure 2.6) are used for removing the roots left in the soil after 

handling the stumps.  The equipment consists of a rigid, closed-profile frame with rigidly 

attached teeth.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Root rake 

 

As the tractor moves forward, the replaceable steel teeth mounted on the beam pull out 

and collect the bigger roots left in the soil. The teeth working in the soil are chisel 

shaped.  The process is carried out perpendicularly to each other in a 20-40cm depth  

which helps further work. This machine‟s structure is similar to that of the ruter or ripper 

discussed later.  The difference is that in this case they use a greater number of, thus more 

densely set, ripping knives. 

 

Stone removers 

 

 There are two types of stone removers.  One type is leaving the stons behind in 

swath, (Figure 2.7) and the other type with collects them in a container (Figure 2.8). 

Collecting the stones may be carried out in two phases or in one phase. In the two-phase 

procedure, in the first phase, the stones are rolled into swath, in the second phase, they 

are picked up into a trailer equipped with a reel.   
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Figure 2.7 Ordering stone remover  

 

 
 

Figure 2.8 Stone remover with a container  

 

When work is performed in one phase, the stone remover puts the collected stones 

immediately into the container. (Figure 2.9) 

 

                                
 

Figure 2.9 One-phase stone remover 
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The collected stones can be used for marking property borders, building fences or farm 

roads. 

 

2.1.2.2 Machines used in landscaping and landshaping 

 

 On the field cleared from trees and bushes, the soil is prepared for planting by 

using equipment designed for landscaping and landshaping.  These are machines used for 

excavating, leveling or incorporation of soil or material similar to soil.  From the 

landscaping machines, primarily earth excavators and transporters are used. There are 

two groups: 

 

- machines with a boot or bowl, and 

- machines with cutting edge (plate). 

 

Machines with a boot or bowl collect the scraped-off soil in a container similar to a 

crate and deliver it to the location of incorporation. One such machine is the scraper.   

 

Machines with a cutting edge roll the scraped-off soil in front of the cutting edge and 

push it nearby or further away (dozer) or spread it (grader). 

 

These machines must be mobile and have a good maneuvering and turning capability.  

Their repair and transportation must be quick. In addition, the number of their servicing 

personnel must be low, and they must be cost efficient and suitable for many purposes.  

Another important criterion is that they should easily fit into the machine chain. 

 

The theory of soil scraping 

 

 The scraper must be moved with specific strength to make sure that the soil 

scrapings can fill up the bowl following the edge.  As it can be seen on Figure 2.10, the 

scraper‟s blade edge‟s angle is .  The plate of the scraper‟s edge is at directional angle  

to the normal of the soil surface. As a result of the cutting force, the soil compacts, and 

the scraper plate presses the soil particles in direction FN.  When the pressure reaches a 

certain value, the soil layer splits off at angle  depending on the soil condition, 

composition, shape and setting of the scraper. In order to achieve the smallest scraping 

force, the force required for scraping at different  and   angles must be determined.  

Furthermore, one has to determine the optimal value of angle , resulting in the smallest 

scraping force.  The value of the internal frictional angle among the soil particles changes 

between  = 0°- 45°. 
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Figure 2.10 Angles characteristic of scraping 

 

 During scraping, , the break-off angle of the soil, depends on the quality and 

condition of the soil, and the shape of the scraper. As Figure 2.10 indicates, when 

scraping compacted, semi-saturated soil, the shape of the soil parts splitting off in a 

bending manner below angle  is almost like a trapezium.  If the soil is very dry and 

compacted, regular soil scraping cannot be formed.  In this case, soil scrapings break off 

in irregular pieces and, as shown on Figure 2.11, angle  may have a negative value. If 

the soil is soft, because its water content is greater than optimal, scraping may not be 

characterized with angle , as the soil scrapings break off in continuous ribbons.  In case 

of soil without cohesion, for example, sand, the soil crumbles into grains and collects on 

the scraper‟s blade.  Calculations and practical experience prove that  the optimal angle 

of digging-scraping is independent of the frictional angle and its value  = 20° - 22° 

hardly changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11 Splitting dry, compact soil 

 

Therefore, the plate of the scraper‟s blade must be set at angle 20°- 22° to the soil.   

 

 The frictional angle has great influence on the scraping force. For example, in 

case of muddy soil, if the water content decreases from the optimal 20% to 15%, the 
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specific scraping requirement will be almost 7 times greater than in case of soil with 

normal water content.   

 

 If the edge of the blade has a small cutting angle (about  = 10°), it blunts very 

quickly, greatly influencing the size of the scraping force.  If the edge of the blade is of 

2mm radius originally and, as a result of wearing out, blunts to a 16mm radius, the 

scraping resistance will be 35% greater.  If the tool‟s cutting angle  is increased from 

30° to 50°, the scraping resistance will increase by 20%.  The splitting angle must be kept 

between  0° and 90°.  If the soil is hard, the value of  approaches 0, but it can also be 

negative.  This may be avoided by using breaking teeth attached to the front of the cutting 

blade‟s edge.  The teeth will break up the soil and make it grainy.   

In structurally loose soil, where  is between 40° and 50°, such as sandy and pebbly soil, 

using breaking teeth is not economical. 

 

Based on the foregoing, the cutting edge‟s angles are arrived at as follows.  , the 

rear angle, should be between 5° and 10°, in order to prevent the friction of the blade 

against the scraped soil, since this would greatly increase the scraping force. The optimal 

value of cutting angle  is between 20° and 35°, in which case, , the directional angle, 

will be between 50° and 60°. This is advantageous if the soil is hard and dry, and the 

blade is made of sheering steel. In case of sculptured soil with optimal water content, 

cutting angle  is between 55° and 65°, because this results in the optimal directional 

angle, that is when  is between 20° and 25°. 

 

 On modern machines, they use self-sharpening blades, the so-called sandwich 

steel blades.  The lower plate is extremely hard (alloyed), but thin, and the upper plate is 

made of thicker, durable steel.  During scraping, the upper plate continuously wears out, 

but the lower thin, hard steel plate (resistant to wearing out) does not allow the blade to 

blunt.  If the blade‟s edge is not perpendicular to the direction of scraping, but tilted (side 

angle < 90°) (Figure 2.12), then the change in the scraping force is a parabolic function 

according to the diagram shown on Figure 2.13 and at  = 45° the decrease in the specific 

scraping force is only 10%.   
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Figure 2.12 Tilted scraping edge   

 

 

 
 

Figure 2.13 Decrease in scraping force as a function of the side angle 

  

The scraped-off soil scraping must slide on the blade‟s plate and later inside the scraping 

bowl on the bowl‟s walls shaped and surfaced so as to comply with the laws of flow.  The 

smooth metal surface has much greater resistance than rough or wavy surfaces.   

  

The blade must be free of protruding screws, rivet-heads, or indentations, because 

behind or in these the soil gets in the flow‟s shadow and sticks.  In order to determine the 

shape that complies with the laws of flow, first the flow speed must be determined. The 

flow speed and the flow‟s pressure must conform to the profile‟s curve. The more 

concave is the profile, the harder is the flowing soil scraping squeezed and forced to flow 

along the wall, for example, upwards. 
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The scraping force characterized with a simplified equation: 

 

F = a 
.
 b 

.
 p                      (N) 

 

a – the thickness of the soil scraping, cm, 

b – the width of the soil scraping, as well as the length of the scraper blade, cm, and 

p – the specific scraping resistance of the soil, N
.
cm

-2
. 

 

 If the soil work machine cannot provide the required F towing power, because p, 

the specific scraping resistance, increases, one must decrease the thickness of the soil 

scraping, but never the speed of the scraping.   

 

 The scraping speed should be high rather than low.  The scraping‟s power 

requirement does have an optimal speed.  On the curve on Figure 2.14, the maximum 

towing power is achieved when the speed is very slow.   

 

 
 

Figure 2.14 Scraping power as a function of speed 

 

 

Even if the scraping blade is towed at a speed higher than the optimal speed, the towing 

power will increase by only about 24%.  Therefore, it is advisable to increase the 

excavator‟s scraping speed up to the technological limit, if necessary, even by pushing 

the machine, because, as the scraping slows down, the machine may easily throttle down 

and stop. (Karai - Horváth 1992) 
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Scrapers  

 

 Among the soil work machines, almost without exception, only the scraper is 

capable of performing complex work processes.  Set forth below is the usual work order 

of moving soil: 

 

- breaking up and scraping the soil, 

- lifting the material, 

- putting it into the transportation equipment, 

- delivering it over the required distance, 

- spreading it in layers with the appropriate or required thickness, and 

- compacting the earth moved   

 

The scraper performs these tasks all by itself.   

 

Figure 2.15 shows the different types of machinery. 

 

 

 
Figure 2.15 Scrapers 

a – one-axle towed scraper, b – two-axle towed scraper, c – saddled, d – self-propelled 

 

The two-axle towed scraper is the best known mid-sized type. Most self-propelled 

scrapers (Figure 2.16) are supplied with rubber tires; caterpillar types are rarer.   Its 

working tool is a bowl equipped with a cutting-edge, supported by one or two axles.  The 

bowl is hinged with the frame.  Most often, it is steered mechanically or hydraulically. 

 

 The bowl is welded of steel plates, and its sides are stiffened by U steel welded on 

from the outside.  The bowl‟s front wall consists of a swinging door, while its rear wall 

consists of a sliding door. The scraping blades are mounted on the front of the bottom 

plate.  Usually there are three scraping blades, and as they do not blunt at the same rate, 

not all blades are replaced or sharpened at the same time.  Also the breaking teeth are 

placed here. A short side knife is fixed to the bottom part of each of the two side plates, 

with which the side plates of the lowered crate can also scrape the soil.  
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 The scraping angle is adjusted depending on the extent of compaction and 

saturation of the soil.  The scraper‟s work consists of scraping, transportation, emptying, 

and returning to the location of the scraping.    

 

 Scraping requires two or three times greater towing power than transportation.  

During scraping, as the crate is being filled up, the need for towing power can increase to 

such a degree that the machine throttles down and stops.  To help the scraper, a dozer 

may be attached to it; the scraper‟s rear frame is designed to enable such attachment.  The 

two machines together can overcome the problem described.  Usually, one dozer is 

sufficient for 4 – 6 scrapers. 

 

 After scraping, transportation must be carried out over the shortest possible 

distance and at the greatest possible speed.  Depending on the transportation distance, 

machines have different crate volumes.  Crates with a volume less than 3m³ are used on a 

distance between 50 – 300m, crates with a volume of 6m³ on a distance between 100 – 

400m, towed crates with a volume of 9 - 10m³ on a distance between 300 – 700m, and 

crates with a volume exceeding 10m³ are used on a distance between 700 – 2,000m. 

 

 Emptying is performed by forced emptying (the sliding plate in the back of the 

scraping crate pushes out the soil) or semi-forced emptying (the tilting mechanism of the 

scraping crate throws out the soil), while, in case of smaller machines, it is done by free 

emptying (the soil is thrown out simply be turning it over). In this phase, the machine 

dumps the delivered earth into the indentations.  In case of free emptying, the mounds of 

soil left behind must be flattened by other machines, for example, by dozers.  

 

 
 

 

Figure 2.16 Hydraulic self-propelled scraper 

 

 In idle runs, the scraper is elevated to transport position.  The scraper should 

return to the scraping location quickly, using the shortest way to decrease the cycle 

period and to make work more efficient and economical.   

 

 The one-axle scraper is also towed by separate power unit. Its advantage is that it 

is 2 – 2.5m shorter than the previous type.  Consequently, even in a tight space, it turns 
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easier than the long, two-axle towed scrapers. If the power unit is supplied with 

pneumatic rubber-tire, it may move with a higher speed than the caterpillar type, namely 

with 20 – 25km/h. A scraper moving with such speed is economical even if it transports 

over a distance exceeding 1,000m.  During scraping, this type also requires pushing, 

because the tractor‟s engine is not designed to cover the excess work of scraping.  This 

scraper‟s technology, filling and emptying functions are the same as those of the previous 

types, but it is much more mobile. (Horváth B. 2003)   

 

Figure 2.17 illustrates the machine‟s moving methods. 

 

 
 

Figure 2.17 Moving methods of scrapers 

 

 The scraper which moves on a circular (or elliptical) path is used on greater 

distances. Its disadvantage lies in the many round-trips and idle runs.  Therefore, it is 

better to operate the scraper in a winding manner or following the form of the number 

eight.  In the latter case, the fully loaded scraper does not have to make sharp turns. In 

addition, in one full round-trip, two scraping and two emptying tasks can be performed 

and higher speed may be achieved. Therefore, the entire work process is more 

economical.  

 

Graders 

 

 The graders, while moving ahead, scrape and grade the earth.  Two main types are 

known, the towed and the self-propelled, motorized graders. Some towed graders are also 

equipped with an engine. This makes steering and the adjustment of the grading knife 

easier, but plays no role in the towing itself.  The grader is used mainly for finishing 

types of earth work, only rarely for moving earth for production. It grades the crown of 

the bank, the sole of the indentation, the ditch, and the bank of the indentation according 

to the required profile, most often after the completion of soil compaction. Occasionally, 

it hoes the earth on a big area, sweeps aside the humus layer, thereby preparing the field 

for soil work.  
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 The tool of the grader is a big, concave grading knife, and is somewhat similar to 

the sliding plate of the dozer.  The grading knife may be set to all three main directions. 

(Figure 2.18) 

 

 The grading knife is attached to the frame, the position of which can be adjusted 

by hydraulic cylinders. A hydro-motor driving a big cog-wheel can adjust the grading 

knife‟s angle to the travel direction. After having turned back the grading knife 

completely, the breaking teeth may be turned down.  With this knife position, frozen 

earth surface and old, bad roads can be broken up.  The frame is a rigid, welded steel 

structure or a beam bent and welded from square pipes.  The grading knife, the steering 

equipment, and the wheels are mounted to the frame. As the machine operator can see the 

grading knife from the cab, he can accurately direct work.   

 

 The four wheels  are supplied either with iron hoops or with pneumatic rubber 

tires. The wheels are not spring loaded, as the movement of the spring would result in a 

wavy surface.   

 

 
 

 

Figure 2.18 Motorized grader 
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 The tilt and height of the wheels, the relationship of the frame and the wheels may 

be changed significantly.  Sometimes a wheel on the one side runnes in the ditch, while 

another wheel on the other side moves on the bank.   

 

 A diesel engine unit pushes the motorized grader from behind.  It does not 

necessarily have to be always in the back, because if, for example, there is not enough 

room for turning around, the grading knife is turned and the grader is towed by the engine 

being now in the front.  Modern graders are, without exception, equipped with engine.   

 

Dozers 

 

 The basic unit of the dozer is the great adhesion caterpillar or rubber-tire tractor 

(Figure 2.19).   Most often, the two sliding shanks hinge with the bridle which also 

hinges with the chain frame or the chassis of the tractor.  The dozer plate, with adjustable 

tilt and slant, is mounted on the end of the sliding shanks.  

 

 
 

Figure 2.19 Dozer 

  

 

Dozers with dozer plates which cannot be turned in the travel direction are called 

bulldozers, capable of moving only up and down.  The dozer plate is a 2.5 – 3m long and 

0.8 – 1.2m wide concave steel plate stiffened by a skeleton on its back.  The two main 

flanges, to which the sliding shanks attach are such that, with the supporting bars of the 

sliding shanks, the concave dozer plate can be adjusted at different scraping angles 

(cutting angle) in accordance with the soil‟s internal friction.   

 

 While the dozer is moving, the machine operator lowers the dozer plate into the 

ground. Then the scraping blade fixed to the bottom edge of the plate scrapes out earth 

shavings, which pile up on front of the plate.  If the dozer plate‟s perpendicular segment 

is shaped so as to satisfy the laws of flow, the earth shavings will flow upward in front of 

the plate and roll up during movement.  The dozer pushes the soil as long as soil work 
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and transportation require it.  The dozer should be operated on short distances, as a 

portion of the rolled earth will be left behind at the sides of the plate.  In order to avoid 

this result, in case of some dozer plates, the two ends of the plate are closed by welded 

side plates.   

 

 In earlier versions, the dozer plate was placed directly under and in front of the 

cooler of the engine. In newer versions, the engine and the cooler are mounted on the rear 

of the machine. As the driver sits closer to the dozer plate, he can better monitor the 

plate‟s scraping and rolling functions.  

 

 During hoeing, when only a thin layer must be scraped and deposited on the side, 

the dozer plate is set at an angle, usually 45°, to the travel direction.  The scraping 

resistance decreases if the side angle increases.  If the sliding plate‟s angle is 45°, the 

scraping resistance is merely 85 -90 % of the 90° frontal resistance.   

 

Machines loosening the earth 

 

 The simplest machine used for loosening is the ruter or ripper. (Figure 2.20)  One 

to three steel ripping knives are embedded in a strong and heavy, welded or steel 

moulded frame.  The machine is towed by a caterpillar tractor or a road roller, but always 

by heavy self-propelled vehicles.  The end of the ripping knife close to the earth is 

pointed, or sharpened and shaped as a triangle.  These characteristics enable the ripping 

knife to break up the earth at the appropriate cutting angle.  

 

 
 

Figure 2.20 Rooter or ripper 

 

 

The ruter or ripper has many functions and can be used for a variety of purposes.  On 

cleared fields it rips out roots, while on heavily pebbly soil it loosens stones, and so on. 

These tasks are of preparatory type; they make scraping easier for the other soil tillage 

machines.      

 

Machines for smoothing and levelling the surface 
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 The micro-topography of the soil surface greatly influences the yield of the 

different cultures, especially on irrigated areas.  Conditions enabling even soil saturation 

and thereby even plant development can exist only on appropriately smoothened and 

levelled areas. On such areas, also irrigation demand can be decreased and the soil tillage 

machine‟s area capacity can be increased.  

 

 Levelling and smoothing may be justified even if incorrect cultivation, gullies, 

deflation, and indentations resulting from the treading of tractors and  agricultural 

machines make the surface uneven.  Regular levelling work is necessary in certain types 

of cultivation, for example, in seedbed and direct sowing cultivation.  The machines used 

for levelling and smoothing may be classified as follows: 

 

- short levellers, 

- levellers with big axial distance, 

- smoothing sledges, and 

- simple smoothing units. 

 

Short levellers are suitable for rougher levelling of bigger, 30-60cm, level differences, 

and uneven surface within a short distance (4-5m). There are mounted and semimounted 

versions.  Figure 2.21 shows a mounted version.  Its deflecting plate may be set by a two-

position hydraulic cylinder around the vertical shaft and by a spiral spool around the 

horizontal shaft, depending on the work required.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.21 Levelling machine 

 

 Depth limiting wheels placed behind the closed plate adjust the cutting depth.  

During levelling, their angle is usually 90°. 

 

 The semi mounted types are equipped with a hydraulic cylinder responsible for 

setting the working depth and turning the machine into transport position.  The depth 

limiting wheels are placed on the two sides of the plate, thus, at the bottom they may also 
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function as open scraping crates.  In case of the fully towed types, the plate‟s angle is not 

adjustable. 

 

 Using levellers with big axial distance (Figure 2.22) is justified if the accuracy of 

levelling must be within   3 - 5cm.  Only the 8 – 20m long levellers meet this 

requirement. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.22 Levellers with big axial distance 

 

 This leveller is economical only if the unevenness does not exceed 30cm and the 

soil is loose, because, as a result of the shallow scraping depth (5-8cm), the number of 

levelling runs increases.  If working conditions are highly unfavourable, scrapers should 

prepare the soil.   

 

 Smoothing sledges are used for the final levelling of smaller unevenness.  4-5 

levelling elements are embedded in a rigid frame, positioned vertically one after the other 

with a determined degree of staggering, so that the first elements are placed higher than 

the ones following them.  They work a 2 – 5m wide, 6 – 10m long area.  Towing requires 

a 60 – 80 kW tractor.  

 

   Simple smoothing units are used on cultivating machines and equipment 

preparing seedbeds. Their primary task is cross-directional levelling.  

 

Soil compacting machines 

 

 These may be used primarily for work on farm roads and other dirt road 

constructions, and their maintenance.  They operate on static or dynamic principles.  The 

compacting effect of static machines is the result of their own weight as they roll on the 

surface.  The machines operating on the dynamic principle achieve the appropriate level 
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of compacting by ramming and vibration.  These are used mainly for compacting soil 

layers of smaller surfaces.  

 

2.2 Soil tillage machines in the plantation cultures 

 

2.2.1 The purpose and tasks of cultivation and maintenance 

 

 Cultivation includes all acts performed in respect of the plantation‟s soil such as 

soil preparation preceding planting, soil turning, application of fertilizers and soil 

disinfectants, crumbling, loosening and deep-loosening, while maintenance includes the 

works carried out on the soil surface, like chemical weeding, soil covering, treatment of 

cover crops, and utilization of the chopped scrapings.   

 

 In today‟s plantation cultures, grassing, soil covering, and weeding using 

environmentally friendly chemicals serve the purpose of minimum tillage.   

 

 The most important aim of cultivation is the creation and maintenance of 

favorable physical, chemical, and biological conditions for the soil.  For purposes of 

cultivating the soil, especially selecting the correct cultivation depth, one has to be 

familiar with the developmental and location characteristics of the roots, but precipitation 

and the degree of soil compaction must also be taken into consideration. 

 

2.2.2 Cultivation procedures 

 

 There are three basic cultivation procedures in the plantations: 

 

- mechanical cultivation (fallow or open), 

- soil covering cultivation, and 

- chemical weeding. 

 

In practice, these methods are usually applied in a certain combination.  Soil treatment 

includes inter-row and row cultivation.   

 

 Mainly, the soil preserving covering cultivation method meets the requirements.  

Chemical weeding may be used only within limits, as a supplementary method. 

Ecological and topographical conditions play a significant role in determining and 

influencing the possible cultivation method.  

 

  Mechanical cultivation supplemented with chemical weeding is the most wide 

spread cultivation procedure in Hungary.  In practice, this procedure is called fallow or 

open cultivation method.  In inter-rows, neither green manure crops nor grass types are 

grown, and the rows are not covered.  

 

 The usual cultivation depth is 8-15cm, because the more deeply the soil is 

cultivated, the greater is the loss of moisture.  The best approach is to use cultivators, 
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since they loosen the soil, do not compact it too much, and the least destroy the soil 

structure.  

 

 In the course of mechanical cultivation, the rainy weather makes driving on the 

loosened soil and the performance of the next steps difficult.  Consequently, from the 

middle of the summer, instead of cultivation, mowing and mulching are used for 

regulating weed in inter-rows.    

 

 Organic fertilizers and fertilizers containing phosphate and potassium are applied 

to the soil during the fall mechanical cultivation work.  For incorporation of organic 

fertilizers, digging machines, while for the incorporation of phosphate and potassium 

fertilizers, heavy cultivators can be used.   

 

 Plowing is not necessary nor is it recommended for cultivating plantation cultures.  

However, on plantations where the soil is more compact, loosening should be done in the 

fall in order to loosen those layers which are deeper, more compact, and not well aerated.  

Subsoil may be loosened twice a year 40 – 60cm deep, depending on the condition of the 

soil.  This procedure, however, always greatly damages the roots. Consequently, for 

safety reasons, only inter-rows are loosened, 100-150cm far from the trunk.  (Soltész 

1997)  

 

2.2.3 Soil tillage machines in use 

 

 In plantations, passive, semi-active and active cultivation equipment is used.  

Depending on the technological requirements, we distinguish shallow and deep 

cultivation.   

 

 Passive tillage machines are used primarily to loosen the soil, influence 

capillarity, and regulate the growth of the plants.  Their performance requirement 

depends on their towing resistance. The circumferential force arising from the tractor‟s 

wheels must overcome towing resistance.  On sloping areas, especially moving uphill, 

also the climbing resistance must be surmounted.  In case of passive tillage machines, this 

could lead to significant machine slippages damaging the soil in the wheel tracks.  

Therefore, for physical reasons, the use of passive tillage machines on slope is limited. 

Only changing the speed can influence work intensity.  

 

Plough 

 

 If ploughing is necessary, various equipments may be used.  On grape plantations, 

where inter-row does not exceed 1.3m, ploughs which turn in two directions can be used. 

In bigger inter-rows, supplementary (filler and opening) plough heads may be applied.  

On grape plantations where covering is used even today (for example, on young 

plantations in order to protect the grafting from frost) work is done only by filler plough 

bodies mounted on the side. Inter-rows are cultivated by deep-looseners.  Both the plough 

and the deep- loosener can be mounted on the same frame.  
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Looseners (light cultivator, chisel plow, deep loosener) 

 

In inter-row cultivation, looseners and their variations are the most often used 

toillage machines.  They are utilized especially during the spring and fall cultivation 

work.  Their task is to loosen the soil, thereby decreasing evaporation, and to stop the 

proliferation of weeds.  Their frame usually comes in multi-holder style, but it may also 

come in a main-holder style.  The rigid or spring loaded chisel plows are mounted on the 

frame, to which different elements may be attached depending on their shape or 

application (Figure 2.23).  

 

             
 

Figure 2.23 Chisel plow 

 

 More recent cultivator frames are mostly shorter, their own mass is greater, and, 

in case of semi mounted linkage, most of their weight is on the rear axle of the tractor, 

increasing its towing power.  They are used without depth limiting wheels.  A clod-

crushing harrow fixed to the frame‟s end and the towing resistance‟s regulation assist in 

guiding the cultivator at a specific depth and setting the required working depth. Greater 

working depth, coupled with better stability, make both shallow and deep cultivation 

possible. Consequently, deep looseners are not necessary.  

 

 Following practical demand, looseners as basic cultivating machines are often 

transformed into universal cultivators by attaching supplementary equipment. Other 

tillage machines such as rotary cultivators, rotary harrows or disc harrows are mounted 

on the cultivator‟s frame. Therefore, these machine combinations may also be called pre-

cultivating combinators, as Figure 2.24 indicates. 
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Figure 2.24 Prep-cultivating combinator supplied wit a rotary cultivator 

 

Disc Harrow 

 

 The disc harrow (Figure 2.25) is often used on flat plantations for carrying out 

spring and summer work.  It loosens and crumbles the soil and chops and incorporates 

weed into the soil.  

 

 The disc harrow is supplied with concave discs made out of a portion of a sphere 

mounted on the axles at a tilted angle to the travel direction. The concave side of the disc 

faces the travel direction. 

 

 
 

Figure 2.25 Disc harrow with jagged discs 

 

The rolling discs move the soil on their inner side upwards and perpendicularly to the 

travel direction.  By adjusting the angle to this, the chopping and mixing effect can be 
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improved and the towing power will increase. Often additional weights are applied for 

the purpose of increasing retraction power and the cultivation depth of the discs.  

 

 The axles of the discs stand mostly in pairs, in a V shape.  Occasionally, they are 

placed in groups of four in an X shape so that the resulting side forces balance each 

other‟s effect. The slanted position of the axles can be changed, allowing the angle set to 

the travel direction to be adjusted. This angle must be at least 20º if the discs are to 

penetrate the soil.  This same angle prevents the discs from reclining on their back side, 

and helps them rolling on their own. The self-sharpening discs may come with smooth or 

jagged edges.   

 

Rotary spade-harrow 

 

 Their use on plantations is not wide-spread.  (Figure 2.26)  

 

 
 

Figure 2.26 Rotary spade-harrow 

 

 They are used under extreme soil conditions, mostly in a combination with disc 

harrows.  The star shaped cultivating knives are mounted similarly to the disc elements.  

They sink into the very pebbly or compact soil as a result of their own weight, facilitating 

the breaking up and cultivation of the soil. Spade-harrows must be towed with a great 

speed to ensure appropriate work quality.  They leave a rough soil surface and do not 

reach the roots of the weeds sufficiently.  Their great advantages are that their cultivating 

speed is higher than that of the disc harrows and they are not sensitive to pebbly soil.  

 

Rollers 

 

Rollers are used on plantations as final tools in equipment combinations. .  They 

level the soil, assist in maintaining the required cultivating depth, and ensure soil 

compaction at the time cover vegetation is sowed.  In inter-row cultivation, the following 

machines are preferred: 

 

- plain rollers, and 

- clod crushing rollers. 
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The lighter rollers are of cage type or toothed packer. 

  

 
 

 

Figure 2.27 Cage type toothed packer 

  

 Cage type toothed packers consist of square-segmented sticks positioned on edge 

and placed along a spiral line with a wide thread elevation.  These can be used for many 

purposes.  Also rollers with tine-bars are suitable for different tasks, because if the soil is 

loose their compacting result is good, and if the soil is compact their crumbling function 

works. Two structural versions are sold: 

 

- rollers with tine-bars placed along a spiral line, and 

- rollers with straight crumbling sticks. 

 

 For crumbling the soil, crumbling rollers are used.  The downside to this approach 

is that, on wet soil, they quickly clog up.  Clod crushing drums are less exposed to this 

problem. The Cambridge and cross kill rollers have lived up to expectations very well.   

They leave a lumpy surface, thereby decreasing erosion risk.  On plantations, the creation 

of a fine-grained soil surface is not the goal (Figure 2.28). 

 

 
Figure 2.28 Cross kill and Cambridge rollers 

 

Driven, active cultivators 
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 The active cultivators get their driving power via the transmission shaft. The 

circumferential force on the tractor‟s driving wheels decreases compared to towed 

equipment. As the tractor‟s engine power is transferred to the soil with great efficiency 

(80-90%), which is only about 70% in case of hauled equipment, on slopes climbing 

capacity will suffer a smaller loss and less slippage.  Therefore, driven tools, regardless 

of the travel speed, can easier adjust to current requirements (for example, incorporating 

fertilizers, soil loosening, chopping plant remains).  The equipment‟s travel and 

cultivating speed determine work efficiency.  

 

 Compared to towed equipment, their disadvantages are that they are more 

expensive, their working speed is lower, and they wear off quicker.  

 

 The rotary cultivator is the most often used active tool (Figure 2.29).  If used too 

often, the danger arises that the soil structure will be damaged, a compact sole layer will 

result, and the risk of erosion will increase.   

 

 For the purposes of changing the rpm of the rotor, the rotary cultivator is supplied 

with spare-wheel drive or cog-wheeled gear. In case of two cog-wheeled gears, the 

circumferential speed is usually set to an rpm between 150 and 280. Drive is delivered 

via the PTO and with the help of the transmission shaft to a cone cog-wheel gear which 

transfers the power directly (in middle drive) or through a side gear with a chain or cog-

wheel drive to the rotary cultivator‟s axle.   

 Sliding skids or support wheels determine their working depth.  In order to avoid 

overcharge during the drive, a safety device is built in (for example, an axle safety 

switch).   

 

 
 

Figure 2.29 Rotary cultivator  

 

 During soil protecting work, another important influencing factor is the position 

of the adjustable cover plate placed behind the rotary cultivator‟s axle.  If set high it 

leaves a very lumpy soil surface.  If the gap between the soil and the cover plate is 

narrow chopping will be more intensive and the soil surface will be smoother.   
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 On compact soil, knives bent at a right angle are preferred to the bent knives 

cutting narrowly.  Working depth must be alternated as well. It is recommended that a 

cultivator is used before the soil miller, since it facilitates the rotary cultivator‟s 

penetration, decreases the wear of the equipment, and contributes to the breaking up of 

more compact soil.   

 

 Rotary harrows with an appropriate rotor rpm may be used for weeding, 

incorporating fertilizers, breaking up grass surfaces, or, at a greater travel speed, for 

limiting the cover vegetation‟s growth.  They are, however, not suitable for incorporating 

plant material into deeper soil (Figure 2.30). Compared to the rotary cultivators, their 

advantages are that the elements rotating opposite to each other do not compact the soil 

under the surface, and the risk of the equipment clogging up is also smaller, because of 

their self-cleaning capability.   

 

 Rotary harrows are sensitive to stones, therefore, to avoid overcharge, they are 

supplied with a sliding safety clutch and a trimming bolt fixed at the connection to the 

transmission shaft.  These cultivating machines are stabilized with a spring to allow 

shifting sideways in order to avoid damage caused by stuck stones.  

 

 

 

 

 
 

Figure 2.30 Rotary harrows 

 

Machines in deep cultivation 

 

 Deep cultivation done before planting of the plantations, called deep plowing or 

deep turning is essential even today.  According to the principle of loosening, there are 

two categories of deep-cultivating subsoil loosening equipment.  There are tools for 

loosening by 

 

- lifting the soil, and 

- crumbling the soil layer. 
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 The soil lifting equipment lifts the soil only vertically so that, although the soil 

crumbles, the soil layers do not get mixed. The subsoil must be sufficiently dry for 

effective loosening.  This equipment comes in two versions, one with a rigid and the 

other with a flexible shank.  

 

 Subsoil loosening machines with a rigid shank are simple; their operation does not 

cause too many problems. Their sharp loosening knives break up the soil.   

 

 The tools of heavy and mid-deep loosening cultivators consist of a vertically 

positioned knife shank made of flat steel, at the bottom end of which one may find a 

chisel shaped loosening element set mostly slantwise.  This breaks and loosens the soil in 

an upward direction.   The efficiency of soil loosening depends on the number of the 

tools used and the runs made on the cultivated area.  The loosening depth depends on the 

soil‟s condition and the towing power of the tractor.  Its usual depth is 30 – 40cm.  

 

 Their advantages are that machines have to be used fewer and their operation is 

simple.  Their disadvantages are, however, that the loosening track-furrow is narrow, the 

loosening effect is minimal, and the towing power requirement is great.   

 

 Cultivators equipped with curved knives (Figure 2.31) are also called deep 

loosening or subsoil loosening cultivators.  Their 70cm long loosening knife bent in a 

curve loosens the layer effectively up to a depth of 55cm. The subsoil loosening 

cultivator can be used for several purposes depending on whether the loosening knives 

are placed beside or behind each other.  They may be used in cultures with or without 

cover vegetation to loosen tractor tracts or inter-row soil.  Their advantages are several.  

Their retracting capability is good even on hard soil and they may be used for a variety of 

purposes. In addition, it is the only machine capable of loosening the subsoil of grassed 

plantations, it loosens the soil well and effectively, and, together with loosening the 

subsoil, it can perform drainage work as well.  It is robust, blunts less, and it may be used 

also on wet soil.  Its downside is that its towing power requirement is significant 

(15kW/loosening knife). (Walg 2005) 
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Figure 2.31 Mid-deep loosening cultivator with curved knives 

 

Vibrating subsoil loosening cultivators 

 

 The loosening knives of these machines are driven via the power axle while the 

cultivating tools loosen the soil effectively without mixing the soil layers.  Their travel 

speed is slower than that of the loosening machines equipped with rigid knives.  Versions 

with lifting knives or swinging knives are known.  Figure 2.32 illustrates their operational 

principles.  

 

 Loosening machines with lifting knives have a steel knife shank. However, the 

cultivating body driven via the PTO is mounted on the knife shank hinged with the 

bottom and can be moved up and down.  Deep loosening machines with lifting knives 

usually have only one cultivating body, but they also have versions with two loosening 

elements. Their work depth is 45 -60cm.  

 

 Their advantages are that they penetrate hard soil well and their loosening 

efficiency is significant.  Their disadvantages are that they are technologically more 

complicated than the loosening machines with rigid knives, their travel speed is slower, 

and their towing power requirement is greater.  
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Figure 2.32 Operational principle of subsoil loosening machines 

 

 The cultivating body and the vertical steel knife shank of loosening machines with 

swinging knives are connected.  With drive transferred via the PTO, the entire equipment 

swings periodically forward and backward on a vertical plane parallel with the travel 

direction. The machine is usually equipped with two cultivating tools. Their working 

depth is 40 – 50cm.  Their advantage is the small towing power requirement.  Their 

disadvantages are that they penetrate harder soil only with difficulty, and the vibration 

stresses both the tractor and its driver.  (Moser 1984) 

 

 When loosening is performed by crumbling the soil layer, soil compaction is 

avoided not by lifting the soil layers, but by breaking them up.  

 

Rigol plow 

 

 Traditionally, rigol ploughs (Figure 2.33) perform deep turning before planting, 

cultivating the soil 50- 90cm deep. As a result of the significant working depth, the 

furrow slice cannot be turned over completely.  This procedure is applied less and less, 

because it results in the soil‟s significant rearrangement and a lumpy surface.  There are 

several downsides to this approach, namely that the valuable top soil is inverted, plow-

shoe disease may develop, lumpy soil surface is left behind, and the furrows must be 

levelled.   

 

 In modern cultivation, deep plough turns the valuable top soil and subsoil 

loosening machines loosen the lower layers. 

 

 

 



 61 

 
 

 

Figure 2.33 Rigol plough 

 

Spade type cultivators  

 

 Spade type cultivators are the rotary and swinging type spading machines (Figure 

2.34)  They are driven via PTO. Larger spade equipment is used for the deep loosening of 

the soil before new planting or re-planting. They loosen the soil effectively and evenly in 

a depth between 40 and 60cm.  When cultivation is completed, the area is relatively flat. 

Consequently, only a small amount of finishing work is necessary.  Their work speed is 

slow, however.  They do not cultivate the entire area, but only every second row.   

 

 The rotating spading machine turns the soil with a low rpm and re-works it 30-

35cm deep.  The cultivating body of it consists of spade shovels which are mounted 

helically on curved beams fixed to the axle rotating on a horizontal plane. As opposed to 

the swinging type machines, because of their rotating tool, rotating spading machine 

move much more steadily, and put much less stress on the tractor and its driver.  Mostly, 

it turns, but also chops the soil.  On pebbly soil, the rotating spading machine is of limited 

use.   

 

 The equipment‟s advantages are that it loosens the soil effectively and evenly, and 

after its work has been completed, the planting machines have an easier job.  Its 

disadvantages are several.  First, the risk is great that the sole layer becomes compacted. 

In addition, as a result of having chopped untouched soil, new compaction may occur 

quickly, and on pebbly soil, the equipment blunts to a greater degree.  

 

 The cultivating tools of the swinging type digging machines (Figure 2.34) move 

on an elliptical path.  The machines are equipped with four to six spade shovels which 

pierce the soil at an adjustable depth, lifting the soil and then dropping it down in lumps. 

These machines perform a great amount of turning work. Furthermore, they effectively 

loosen and aerate the soil, while gently chop the soil parts.  As a result of piercing, the 
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soil parts split apart on the bottom avoiding soil compaction.  Because of its operational 

principle, the machine vibrates strongly, especially on dry soil.   

 

 Their advantages are that they do not burden the soil, perform satisfactory work 

also on wet soil, the risk of compact, hard soil is small, and they loosen the soil safely. 

 

 Their downside is that they do not always incorporate the remaining plants fully 

and the vibration stresses the tractor and its driver.   

 

 
Figure 2.34 Piercing style digging machine and spade miller 

 

 

Covering soil cultivation 

 

 Soil covering is the most environmentally friendly cultivation form; this meets 

best the basic requirements of cultivating plantation.  In the course of performing 

covering soil cultivation, a portion of or the entire soil of the plantation is covered with 

plants or various covering material for a longer time period.  This type of cultivation 

includes grassing of inter-rows, producing green fertilizer crops, covering tree strips with 

cover crops, and covering with various plant material or black plastic. With the exception 

of green fertilization, all other soil treatment methods meet the requirements of minimum 

tillage cultivation. Earlier, the grassing and the green fertilizing cultivation methods used 

on plantations were also called biological soil treatment. (Soltész 1997) 

 

Grassing 

 

 Grassing is one of the most natural and beneficial soil treatment procedures.  

Grassing inter-rows may be possible by broadcasting seed mixture, autumn sowing, the 

maintenance of the natural vegetation indigenous to the location, or weed regulation.  

 

 Under the Hungarian climatic conditions, the grassing of inter-rows may be 

carried out safely only together with irrigation.  In order to decrease water demand, often 

only every second inter-row is grassed.  

 

Treatment of grass surfaces 

 

 On plantations with cover crops, the main task is mulching.  Mulching is done 

primarily to decrease the water consumption of the cover crops. Their growth must also 
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be limited and regulated in order to avoid disease and frost problems and to perform the 

various production procedures and tasks without complications.  Depending on the 

location, precipitation, and the composition of the plants, mulching must be done 3-7 

times a year.   

 

 The cutting height, depending on the composition of the plants, is 3-7cm.  In 

addition to the appropriate cutting speed (m/s) of the machines, one must ensure that the 

tools are well sharpened and that the cutting knives blunt slowly.   Two types of mulchers 

are used for mulching cover crops, one with horizontal axle,  the other with vertical axle.   

 

Mulchers with horizontal axle 

 

 In addition to mulching temporarily or permanently planted cover crops, these 

tools are suitable also for crushing wine shoots.  As a result of their robust structure, 

mulchers with horizontal axle are also used to carry out tasks in forestry and residential 

land-scaping (land-scape protection).   

 

 The operational principle of mulchers with horizontal axle is similar to that of the 

rotary cultivator (Figure 2.35).  The hinged knives are rotating with a high rpm vertically 

around a horizontal axle fitted with bearings.  This solution makes the machine to be 

somewhat insensitive to stones.  Depending on their design, there are universal (hammer 

and tine) knives, and cutting knives (bent at a right angle, Y and shovel shaped).  

 

 

 
Figure 2.35 Mulcher with horizontal axle 

 

The universal knives are blunt, and they break and chop, rather than cut.  These knives 

are suitable mainly for chopping green fertilizers and vine.  They are less appropriate for 

mulching cover crops, because they damage the grass surface.   

 

 As the knives have a small diameter circular track, the cutting speed at 1,500 rpm 

is only 30-40m/s.  In order to achieve the appropriate cutting quality, these machines 
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cannot work with the same travel speed as the mulchers with rotating knives. The cutting 

height may be changed between 2 and 5cm by adjusting the angle of the knives (the angle 

of the Y shaped knives to 120–140º).  With greater bending (knives bent at a right angle), 

although cutting will be more even, the knives will not be self-cleaning anymore.  In 

addition to the Y shaped knives, especially the shovel shaped knives have lived up to 

expectations in practice.   

 The concave shape facilitates sucking, thus, even in the tractor‟s tracks, mulching 

is of a good quality, and a good crushing result may be achieved.   

 

 When using mulchers with swinging knives, the mulched material is spread 

evenly on the entire work area.  The cutting depth may be adjusted vertically by depth 

limiting wheels or drums.  The knife-axle is driven via V shaped belts located on the 

sides or via the gear box.  Consequently, the working width is somewhat narrower than 

the entire width of the machine.  The axle‟s rpm is 1,500-2,500, which corresponds to a 

cutting speed of 30-60m/s.  (Walg 2005) 

 

Mulchers with vertical axle  

 

 Mulchers with vertical axle (Figure 2.36) leave a clean cutting surface resulting 

from their rather high work speed; consequently, they are especially suitable for 

mulching cultures with permanently planted cover crops.  Their rmp is about 1,000, and 

their cutting speed is 60-100m/s.  If cutting knive is appropriately sharp, their travel 

speed may reach even 10km/h. They maintain the determined cutting height relatively 

evenly. Their operation may occasionally cause problems, as they blow out the cut-off 

parings unevenly.  Machines equipped with an uneven number of knives (for example, 1, 

3) spread the mulched material always unevenly, while mulchers supplied with an even 

number of knives hardly ever do this.    

 

 

 
 

Figure 2.36 Mulcher with rotating knives 
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 In case of mulchers with vertical axle, one or two knives rotate on a horizontal 

plane around its or their own vertical axle(s).  They operate on the same principle as 

rotating mowerses.  Depending on their construction, the knives are mounted securely on 

the driving gear or are rotated via V-shaped belts.  In case of directly driven knives, with 

the exception of machines with an adjustable working width, the knives are rotating on 

the same plane at the same height.  The knives are fixed mostly hinged, facilitating easier 

obstacle avoidance.  The cutting height is usually adjusted by sliding skids or depth 

limiting wheels.   

 

Swinging arm mulchers with rotating knives (row-bottom mulchers) 

 

 These mulchers, with the help of a swinging arm, enable the adjustment of the 

working width and the cultivation of the bottom of the rows (Figure 2.37). Shoots and 

plant remainders are left only close to the trunk.  They can be removed only by spot 

spraying or trunk cleaners.   

 

 
 

Figure 2.37 The structure of the swinging arm mulcher 

 

  

 The mulcher cultivating the bottom of the rows on a work width of 1.10 – 1.4m is 

a machine equipped with two rotating knives.  Usually, a mulching plate with a knife is 

attached in the back to each side of the machine.  The task of the shock absorber plate is 

to lead the swinging discs evenly above the soil so that they do not contact.  On most 

designs, the drive from the PTO is delivered to the mulching knife via the gear box with 

the help of V belts.   

 

 Depending on their type, mulchers with rotating knives may be equipped with 

mechanical or hydraulic sensors.. In case of mechanical sensors, when prompted by the 

resistance of an obstacle, the swinging arm bends back against a spring.  Therefore, 

rubber or plastic ledges are used to absorb shock between the trunk and the arm.  

  

 The disadvantages of mulchers with swinging arms are that they often break down 

and their travel speed is slow, 3 – 3.5 km/h. In most plants, they cultivate the bottom of 

the rows mechanically or spray it with herbicides. (Walg 2005)  
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2.2.4 Machines in row-bottom cultivation 

 

In viticulture practice, the term “row-bottom cultivation” means the tasks 

performed on the soil beneath the foliage.  Several procedures are known.  The following 

table summarizes the various possibilities.  

  

 

Row-bottom procedures 

mechanical soil covering chemical 

 

one-sided cultivator knife 

cultivating  plow  

trunk cleaner 

driven harrow 

mulcher 

 

grass parings 

straw 

tree bark 

 

strip spraying 

ULV spraying 

spot spraying 

 

  

Mechanical row-bottom cultivation 

 

Among the mechanical machines, there are tools which are suitable for open row-

bottom cultivation, and row-bottom mulching tools which are also suitable for row-

bottom cultivation provided the surface is fully covered with cover crops.   

 

 In most cases, the row-bottom cultivating machines are positioned at a right angle 

to the travel direction. They must be capable of avoiding obstacles in their way, such as 

wine-stocks and posts.  The machine‟s maneuvering movement is guided by the shifting 

of a sensor placed in front of the equipment, which, upon touching obstacles (trunks, 

posts), bends back.  Spring pressure prompts the sensor, after the machine has completed 

the maneuver, to return to the original position.   

  

 In practice, mainly two solutions are used.  In the first case, when the sensor 

shifts, the cultivating equipment bends back and avoids the obstacle.  In the second case, 

it retreats from the obstacle perpendicularly to the row, and, after having left the obstacle, 

it turns back to the direction of the row.   

 

 The sensor‟s movement steers a dual-action hydraulic work cylinder with a 

hydraulic valve, moving the equipment forward and backward with a small time-lag so 

that, at the time of avoiding an obstacle (wine-stock), it follows exactly the sensor‟s 

movement.  (Figure 2.38)   
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Figure 2.38 Manoeuvring hoe 

 

 Mainly the so-called displacement-regulating system is used as opposed to the 

stroke-regulating system (pulling back the tool completely, along the entire length of the 

stroke).  The advantage of the displacement-regulating system is that the safety distance 

on the sides between the tool and the stock is always the same at the time of making the 

manoeuvring movement.  The tool moves as much as required by the position of the 

obstacle.  As a result, uncultivated areas, except for the safety strip, are smaller than in 

case of the stroke-regulating system.   

 

 Figure 2.39 provides an example of the stroke-regulating system. The active 

cultivating equipment, which is a rotary cultivator on the Figure, is mounted on a hinged 

parallelogram frame.  The PTO drives the hydraulic pump operating the system. The 

rotary cultivator is driven by the gear box which is driven via the PTO with the assistance 

of the transmission shaft.  A dual-action hydraulic cylinder adjusts the diagonal of the 

parallelogram enabling the cultivator to shift parallel with itself.  Steering is done by a 

hydro-electronic system.   
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Figure 2.39 The steering of a detouring row-bottom cultivating tool 

 

 The steering unit receives electric current from the battery in the following 

manner. The negative pole is attached to the tractor‟s structure (body), while the positive 

pole closes via the steering piston‟s retracting A and B reels and the a and b 

disconnecting relays through the sensor‟s contact, since the sensor is also earthed. On 

Figure 2.39 the so-called swimming position can be observed. In this position, as the 

sensor does not touch the obstacle, when prompted by the pulling spring, it touches 

instead contact number 2.  At this moment, reel A receives electric current, causing the 

piston to move upwards. The incoming oil going through the space between the middle 

and lower pistons flows into the work cylinder through its upper connection. As a result, 

the cultivator moves to the right in the direction of the row.  After having completed a 

certain distance, the stop switch moving together with the cultivator‟s frame turns off 

relay a terminating the supply of electric current to reel A.  At this moment, the pistons of 

the steering piston prompted by the springs built into the house move into the middle 

position and the oil flow of the hydraulics stops.  When the sensor reaches an obstacle, it 

switches on contact number 1 by shifting, and reel B will receive electric current.  At this 

time, as a result of the steering piston‟s shifting, oil flows into the cylinder from below 

and pulls out the cultivator perpendicularly to the row.  This remains the situation until 

the stop switch turns off relay b terminating electric current to reel B.  

  

A tractor with 15-20kW is necessary for its operation and its working speed is 2-

4km/h.   

  

 The manoeuvring equipment facilitating the avoidance of obstacles may be placed 

in front of the front wheel of the tractor, between the front and rear axles, or in the back. 

In practice, front suspension is rarely used.  This approach may become necessary only 

where “under-belly” suspension (that is under the tractor‟s belly) is not possible, for 

example, in case of caterpillar tractors or engines with a narrow gauge or body steering.    
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 Oversteering (the degree of shifting resulting from steering) is the biggest 

downside of the front suspension. In addition, the front lifting-suspending equipment is 

more costly in terms of material and other expenses.   

 

 Mounting between the axles is advantageous, because the rear suspension 

structure remains free for other tools.  

 

 In case of rear suspension, the tools are mounted on a 3-point hitch gear attached 

to the frame, or on other work equipment. In this case, their connection is simple, but the 

driver does not see the work equipment. Consequently, driving, while paying attention to 

the rows, is hardly possible.   

 

Plough body 

 

 Among the row-bottom cultivation procedures, the oldest mechanical task is 

clearing and opening the rows with a plough body.  This procedure is used less often 

today, because it must be supplemented by manual hoeing.   

 

Row opening should be done late spring to put the emerging or still sprouting 

weeds into the inter-rows.  After opening, inter-rows must be levelled again to facilitate 

the movement of the machines doing plant protecting and green work. Opening is 

performed by plough bottoms.  In their structure, these look only similar to the traditional 

ploughs, as in this case, the plough-share is rounded and the steering plate is set steeper.  

In addition, there is no plough-reed or sliding skid on them, since their driving is assisted 

mainly by the suspension gear.  The opening plough bottoms are often equipped with 

detouring cultivator bodies supplied with sensors (one-sided hoe) to avoid the necessity 

of too much finishing work.   

 

One-sided cultivators (spoon shaped hoes) 

 The most widely used row-bottom cultivating tool on plantations with open 

cultivation is the one-sided Dutch hoe (Figure 2.40).  As opposed to plow bodies, their 

advantage is that, instead of removing the soil, they only loosen it, and, at the same time, 

cut the weed roots.  The one-sided hoe is a straight knife, fixed to a vertical axle, to 

enable the hoe to turn into the row.  The knife bends slightly downwards, with a spoon 

shaped hollow at its end. This shape gave its name: spoon hoe.   
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Figure 2.40 One-sided Dutch hoe 

 

 Spring force pushes this cultivating tool into the soil. As the tractor proceeds, it 

cultivates in a shallow depth of 5-8cm under the soil surface.  The working depth of the 

one-sided hoe may be adjusted by using depth limiting wheels, or by depth maintenance 

depending on other (for example, roller harrow) equipment. On plantations with cover 

crops, disc leaves or disc coulters roll in front of the one-sided hoe to separate the 

cultivated area from the uncultivated areas with inter-row cover crops. The cultivating 

speed of the one-sided hoe is 4-5 km/h.  

 

Steering without contact 

 

 For the purposes of steering without contact, ultra-sound sensors are used.  Ultra-

sound is issued by its transmitter. The receiver senses the ultra-sound reflected by the 

obstacle.  The sensor starts to operate upon receipt of the reflected waves, causing the 

cultivating tool to bend backwards from its original position. As soon as it has left the 

obstacle and the receiver does not sense reflected waves anymore, the tool returns to its 

original position.  Today, this procedure is rarely used yet in practice. 

 

Row-bottom mulchers 

  

We have already discussed mulchers with swinging arms as the tools of inter-row 

and row-bottom cultivation.  In addition to these, however, there are tools with rotating 
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knives designed for mulching.  Most often, these can be located “under-belly”, mounted 

on the axle of the row-bottom cultivating tools.   

 

Trunk cleaners 

  

Trunk cleaners are primarily used for the removal of water sprouts and 

extensions.  Consequently, these tools may be used also for weeding the bottom of the 

rows.  Their work quality is rather good on areas sowed with biennial green plants.  On 

grassed areas, quality is good only if the grass has grown and the lawn has received 

sufficient precipitation becoming green again within a few days.  We will discuss their 

structure and operation when we talk about machines used in green work.   

 

Chemical row-bottom cultivation 

  

In the last two or three decades, chemical weeding was not carried out on the 

entire area of the plantation.  Combining with mechanical cultivation of inter-rows or 

their grassing, chemical weeding is done in orchards, but only on 60-150cm wide tree 

strips, and in vineyards only in the bottom of the rows.   

 Depending on the distribution method of herbicides, the following procedures are 

known: 

Spraying ULV pulverizing Coating Drop spreading 

Backpack sprayer 

Tractor-mounted 

sprayer (strip 

spraying) 

Hose spraying  

Spot spraying 

Strip spraying with 

optical chlorophyll 

identifier 

Manual tools 

Tractor-mounted 

air-assisted 

atomizers 

  

Manual tools 

Tractor-mounted 

tools 

Manual  

 

 Currently, the drop spreading procedure has no significance in wine growing, and 

the coating procedure is also only rarely used. This is an efficient procedure, especially 

on sloping areas, as an alternative to the procedures of soil cultivation machines 

increasing erosion risk. 
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Backpack sprayers 

 These are still often used on young plantations, and on sloping areas cultivated 

with winch-powered equipment.  There are piston backpack sprayers (manually operated 

backpack pump sprayers), high-pressure backpack sprayers, and motorized backpack 

sprayers.  

 In case of piston backpack sprayers, pumps are responsible for creating the 

necessary pressure.  Pressure volatility in the pump is balanced by an air boiler.  

Although these machines may be operated cheaply, their disadvantage is that the spraying 

pressure is volatile, forming uneven droplets.  

 The tank of the high-pressure backpack sprayers is filled not more than up to two-

thirds of the tank.  In the remaining space, a manually operated air pump compresses the 

air above the spray.  During treatment, the original pressure continuously decreases, thus, 

the amount of the distributed spray and the size of the droplets change to a great extent.   

 Motorized backpack sprayers are driven by a two-stroke engine. They belong to 

the air-assisted atomizer plant protecting machines.  Centrifugal pumps facilitate the 

delivery of the spray to the nozzles.  The pressure can be adjusted between 0.5 – 9 bar by 

the motor‟s rpm and a pressure relief valve. Their disadvantage is that they are heavy and 

noisy during the motor‟s operation. The manual spraying pipe (backpack sprayer, hose 

sprayer) connected to the hose can be recommended if it has a built-in manometer and an 

adjustable pressure regulating valve.  

 

Tractor- mounted sprayers 

 For the purpose of strip spraying, the traditional tractor-mounted sprayers are 

equipped with a spraying pipe which is attached before the front axle of the tractor or in 

between the axles (Figure 2.41).  It is advantageous, if the spray tank is positioned before 

the front axle and spray is distributed by an electrically driven pump, because then also a 

cultivator, a mulcher or other equipment can be mounted on the rear suspension gear.  

For the distribution of herbicides, also the tanks, pumps, or other feeding tools of the 

sprayers or pulverisers may be used. 

 

Figure 2.41 Strip-sprayers equipped with protective wrap 
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Spraying with a hose 

 On sloping areas where winch-powered cultivation is carried out, hoses equipped 

with spray guns may be attached to the sprayer.  For direct towing, the sprayers can be 

transformed so that the two fittings closing down the sides and attached to the left and 

right of the spraying pipes are removed and, in their stead, hoses equipped with spray 

guns are attached.   

 

Spot spraying 

 On plantations, the biggest herbicide savings may be achieved by utilizing spot 

sprayers. The use of the agent is limited to the weeds located around the plant and in the 

direction of the row.  The most modern spot sprayers are supplied with optical sensors.  

An optical sensor can be easily fixed before the front axle of the tractor or between the 

axles or may be suspended in the back.  The sensor senses the objects, for example, the 

posts or the wine-stocks with the help of the reflected light. Upon sensing an object, it 

gives a spraying impulse.  A magnetic valve ensures the supply of the spray guns.  The 

time period of the spraying impulse may be adjusted depending on the travel speed. 

Spray consumption is 15-20l per hectare, and agent consumption is 0.2-0.3l.   

 

Stripe sprayer with an optical chlorophyll identifier 

 

 The stripe sprayer equipped with an optical chlorophyll identifier regulates the 

distribution of the spray optically, and sprays only where there is chlorophyll, that is 

weed. (Figure 2.42) 

 

Figure 2.42 Stripe sprayer equipped with optical chlorophyll identifier 

 

 It follows the principle that the plant is green, and the reflected light behaves 

differently from when it is reflected by soil or other objects.  If an optical sensor is 

gradually adjustable, the machine may leave behind a certain portion of the weed or 
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performs full weeding.  Similarly to the spot sprayers, a magnetic valve opens or closes 

the spray nozzles. 

 

ULV air-assisted sprayers 

 

 ULV (Ultra Low Volume, meaning very small spray consumption) sprayers come 

in two versions (Figure 2.43), manual and mounted.  A rotating, cone shaped pulveriser 

with a fluted rim ensures the precise distribution of the undiluted spray.  The mechanical 

drop formation operates on the principle that when the spray (herbicide) flows onto the 

rotating pulveriser, it disintegrates into very small (30 micrometer) droplets as a result of 

the acceleration and centrifugal powers.  Rotating pulverisers are driven by electric 

(accumulator or battery) motors with 4,500-5,500 rpm.   

 The advantage of this procedure is that, as the equipment is light, it may be held 

in the hand.  Its disadvantage is, however, that the user has hardly any possibility to 

monitor performance during work, as the drops are so small that they are hardly visible.  

 The rotating pulverizing head is surrounded by a protective wrap which, when 

meeting an obstacle, is squeezed together by spring power. This facilitates moving 

directly also along the wine-stocks and posts.  Herbicide is sprayed to the bottom of the 

row through the side opening of the protective wrap. (Walg 2005) 

 

 

 

Figure 2.43 Manual ULV strip sprayer 

  

2.3 Machines for planting of plantation  
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Tools for establishing new plantations 

 

 Before establishing new plantations, the following preparatory steps are taken: 

- measurement of the uncultivated areas, 

- soil analysis for the determination of the basic manure, 

- deep turning, and 

- designation of  rows. 

 

After having completed these steps, planting may begin. 

 

 

Planting methods 

 

 Manual and mechanical planting methods may be used in the planting of rooted 

wine grafts.  Manual planting procedures are applied in areas which tractors cannot 

approach, on smaller plots for stock replacement purposes, and on soil not suitable for 

mechanical planting.  

 For manual planting, hoes, clawed or gouge planting drills, trowels and planting 

iron equipped with handles may be used.  

 Soil drills may be classified as follows: spiral conveyer (lifting earth) drills and 

compacting drills.  For preparing planting pits, the spiral conveyer drill may be preferred, 

because compacting drills compact the wall of the hole too much. 

 The manual drills are operated by two people.  The diameter of the bore depends 

on the variety of drill diameter (approximately 10-20cm).  The soil drill cannot be 

operated on pebbly soil.  Since working with manual drills is exhausting, it is better to 

use a tractor-mounted drill driven via the PTO.  With this equipment, several bores may 

be drilled simultaneously.  Hydraulic soil drills are easily manageable.  They are mounted 

on a swinging frame and may be steered even from the cab of the tractor.  

 Hydro drills (Figure 2.44) ensure fast and simple planting, and have a relatively 

big area capacity. Through a nozzle placed at the end of the hydro drill, water pressed out 

with a 2-4 bar pressure rinses the earth out from the bores.  Hydro drills are attached via a 

hose to a container supplied with a pump (for example, plant protecting machine filled 

with water).  Depending on soil conditions, each bore requires 1.5 – 4 l water.  Not all 

soil is suitable for the use of hydro drills.  

They are also suitable for preparing the bores of the posts before planting.   
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Figure 2.44 Hydro drill 

 

Mechanical planting  

 

 The soil surface must be levelled before using the planting machines, as tractor 

tracks must be removed from where the rows are to be planted.  The location of the 

grape-vine must also be marked. Laser-steered planting machines ar also in use today. 

 The vine planting machines (Figure 2.45) are special tools which combine the 

various elements of planting rooted grafts. In case of mechanical planting, the tasks 

related to preparing the planting ditch, depositing the vine grafts into the soil, filling up 

with soil, and compaction are performed in this order.  As a filling tool, they use a disc 

leaf to be adjusted based on the current soil conditions.  The rooted vine graft is placed 

into a rotating arm supplied with a handle.  While the planting machine hauled by a 

tractor moves forward, planting occurs automatically in the furrow made by the opening 

unit.  After deposit, the two compacting wheels push the soil to the vine grafts.  In order 

to maintain an accurate depth, the planting machines are equipped with adjustable depth 

limiting wheels.  One person performs the job in a comfortable sitting position.  The 

distance between the plants may be changed up to about 1.5m. With the one-row planting 

machine, 800 - 1,200 vine grafts per hour can be planted.  There are two-row planting 

machines with which it is possible to plant 4,000 plants per hour.   

 The accurate row marking and row orientation significantly influence work 

efficiency.  Efficiency is achieved if the planting machine maintains the correct distance 

between the plants, the distance between the rows is constant, and the problem of leaving 

the rows by machines in a straight line is perfectly solved.  
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 Modern machines are steered by visible laser beams made of helium.  The laser is 

set up at the end of the plantation issuing beams toward the row.  The receiver catches the 

beam and senses the deviation to the left or to the right of the beam.  When this happens, 

it opens or closes the valves of the hydraulic steering electrically. The machine is 

mounted the 3-point hitch towing plate and is moved into the correct direction.  The 

correction of the deviation is fast and accurate.   

 As a supplementary visual check, the driver of the tractor can observe the required 

correction with the help of three lamps (straight, to the right, to the left).  The vine 

planting machines, if adjusted correctly, ensure the correct distance between the plants, 

the same planting depth, the correct deposition of the rooted grafts into the planting ditch 

or soil, the appropriate closure of the soil for the long roots, and the even positioning of 

the fine wine stock above the soil.   

 

 

 

 

 

 

 

 

 

Figure 2.45 Planting machine 
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Control questions to Chapter 2 

 

1.  Explain the term „land improvement” and discuss the related technical 

procedures and the machines used in performing these procedures! 

 

2. Describe field clearing machines, their structural design and operating 

circumstances! 

 

3.  Summarize the theoretical issues arising in land scraping! 

 

4. Provide a summary of machines used in landscaping and landshaping 

based on their structural design and operating principles! 

 

5.  What types of procedures are used in cultivating plantation and what types 

of soil cultivators are suitable for carrying out these procedures? 

 

6.  Characterize the machines used in inter-row cultivation and their operation 

based on their structural design and operating methods! 

 

7. Describe the structural design and application of machines used in deep 

loosening work!  

 

8. Discuss cultivators working on plantations with cover plants! 

 

9. With the help of a drawing, present the various steering mechanisms of 

maneuvering or detouring machines designed for row-bottom cultivation! 

 

10. Provide an overview of the mechanized row-bottom cultivation procedures 

using chemical agents! 
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3. Trellises in fruit and vegetable production 
 

Trellises have been used recently on most fruit plantations and more and more in 

field vegetable production, because they enable advantageous limb structure of branches 

(optimal assimilation) in one (or more) plane(s), prevent damage due to strong wind, 

make chemical plant protection and handling of plants easier (pruning, thinning, etc), 
facilitate the mechanization of harvesting, and the automation of irrigation and 

fertilization. 

 

Planning the main parameters of the plantation  

 Before designing and dimensioning a new trellis, one must decide on the variety 

of draft or semi-draft trees or vegetables to be planted. The tree or bush height and the 

weight of the yield greatly influence the design. Higher trees/bushes need more distance 

between the rows to get enough light.  

 Sunlight and wind direction play an important role in determining the location of  

the rows on the available area. The location of the rows should also allow the unlimited 

movement of workers and machines. The distance between the row ends and the 

plantation boundary should enable the unlimited turning of machines and equipment. The 

size and shape of mature trees/bushes should be taken into account, allowing enough 

space for manual tasks like thinning, pruning and harvesting. 

 

The main elements of trellises are the  

 line posts,  

 end posts, 

 anchoring elements,  

 wires,  

 wire strainers, and  

 staples for wooden posts. 

 

Posts can be made of steel reinforced concrete, wood, steel, fibreglass or plastic.  

 

The classification of trellises can be made as follows: 

-  individual: one support for each plant 

- I shape : plants on one vertical plane   

- Y, V, T, F shape: plants on more planes 

 

3.1 Designing and dimensioning of trellises 

Designing and dimensioning of trellises means determining the optimal material, 

size and arrangement of their elements by taking into account the load acting on them. 

 

The calculation below will be carried out by using the example of an apple 

orchard with the following data (Figure 3.1): 

• Yield : Q=50 t/ha, with the assumption that only half of its load is on the wires  

• Length of the posts above ground:  h = 2 m  

• Diameter of the post:    D = 9 cm  

• Diameter of the wire:    d  
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 (to be calculated) 

• Distance between the posts:   l = 4 m  

• Distance between the rows:   b = 1.8 m  

•  

 

 

 

 

 

Figure 3.1 The main elements of a simple trellis 

 

Figure 3.1 Setup of the trellis  

 

 

The load on the trellises are the weight (mass) of the plantation (limb and yield) 

and the horizontal load resulting from the wind. 

The limb load per meter on the trellis can be calculated as follows: 

 

pp=0.5
.
Q

.
g

.
b/1,000=25,000 (kg/ha)

.
9.81(m/s 

2
)
.
1.8 (m)/10,000 (m 

2
/ha)= 44 N/m    (1) 

 

The specific surface value of wind load, according to DIN may be chosen for 

pwst=50 N/m
2
. Assuming that the foliage of the limb covers only 50% of the total vertical 

surface, the force acting on the surface h x l is:   

 

Fw = pwst 
. 
h 

.
 l 

. 
0.5= 200 N        (2) 

 

This force may be divided between the top and the bottom of the hedge (Figure 

3.2). The specific linear force acting on the wire at the top of the pole, due to the wind is 

then 

 

pw= Fw/2/l=100/4=25 N/m        (3) 

 

 
   Figure 3.2 Concentrated force replacing wind load   

 

 

Load on the posts 



 81 

The vertical posts are pressed by the limb vertically and bended by the wind horizontally. 

 

 

3.1.1 Basic calculations to design and control the elements of trellises 

3.1.1.1 Tensile and compressive stress 

Stress is the way in which a force F is spread over per unit area A of a cross-

section (Figure 3.3). When the concentrated force F is equally distributed over a 

drawn/compressed cross section, it is called normal stress: σ = F/A (N/ mm
2
) 

 

 

 
Figure 3.3 Explanation of the stress σ 

 

 

3.1.1.2 Stress upon bending 

If we cut a bended beam in parallel layers, there is always one, the length of 

which does not change. It is called the neutral layer. On one of its sides the layers become 

longer, on the other they get shorter (Figure 3.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 The neutral layer upon bending 

 

 

 

We may say that, upon bending, normal tensile and compressing stresses are 

present (Figure 3.5), however, they are not uniformly distributed. Assuming that the 

change of σ is linear we get the stress distribution shown on Figure 3.5.  

neutral layer

http://simple.wikipedia.org/wiki/Force
http://simple.wikipedia.org/wiki/Area
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Figure 3.5 Distribution of normal stress upon bending 

 

The bended beam is in equilibrium when the acting (Mh) and the reacting (Mb) 

bending moments are equal: Mh = Mb 

The reacting bending moment is the sum of the moments of internal forces dF for 

the whole cross section A, regarding  the neutral layer.. For area dA, the force is: dF= σ 
.
 

dA 

 

With this, the bending moment for area dA (Figure 3.6):  

d Mh = σ 
.
dA

.
y= dF

.
y      (4) 

 

 
 

Figure 3.6 The elementary moment of bending 

 

The reacting moment for the whole cross section:  

  

Mh =∫ σ 
.
dA

.
y= Mb      (5) 

 

According to Figure 3.5, one can arrive at the following ratio: σ/ σmax=y/e 

 

or  σ= σmax
.
y/e.          (6) 

  

Based on this,   Mh =∫ σmax
.
 y

.
1/e 

.
dA

.
y= Mb              

 (7) 

finally: Mh = σmax 
.
1/e ∫

.
 y

2.
dA,        (8) 

   

The integral  ∫
.
 y

2.
dA is called the moment of inertia: I=∫

.
 y

2.
dA (m

4
) 

 

The moment of bending expressed with the moment of inertia: 

 

Mh = σmax 
.
I/e          (9) 
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Fraction I/e is the factor of cross section (K):  K =  I/e (m
3
)    (10) 

 

With this, the maximum tensile/compressing stress upon bending is:  

 

σmax = Mh/K  [Pa]         (11) 

 

 

3.1.2 Dimensioning of the wire 

The tensile force H in the wire, according to the often used equation for chains, 

fixed on both ends:  

 

H= p 
.
 l 

2
/(8 

.
 f)       (12) 

        

        

         

 

where p  is the sum of the limb and wind load N/m  

 f   is the billow  

 l   is the distance between the poles (Figure 3.7) 

 

 

 

 

 

 

 

 

 

 

  Figure 3.7 The components for calculating force H 

 

 

The sum of limb and wind load/m can be calculated as follows: 

 

p=( pp 
2
+ pw 

2
)
 0.5         

(13)
 

 

With the above data: p=( 44 
2
+ 25 

2
)
 0.5

=51 N/m
 

 

Let us choose for the billow for f = 3 cm (data taken from practice). The tensile 

force in the wire is then:    H = 3400 N  

 

Calculation of the appropriate wire diameter 

The tensile strength of the wire materials (according to the standard for steels): Rm 

=550-900 N/mm
2
. To remain on the safe side, we calculate with the lower value. 
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The load on the trellises may be regarded as dynamic so the coefficient of safety 

should be chosen for z = 1.5  

Then the allowed stress in the wire σall =Rm/z=367mm
2
 

 

The required wire cross section: Areq=H/ σall =d 
2.
 π / 4    (14) 

 

Based on this, the required wire diameter: dreq={4
.
H /(σall 

.
π}

0.5   
(15)

 

 

With the above data: dreq={4
.
3400 /(367 

.
π}

0.5
=3.44 mm 

 

The nearest wire diameters in the standard are 3.0, 3.5, and 4 mm.  

 

To be on the safe side, we chose: dreq= 3.5 mm   

 

In case of two parallel wires on the trellis (one on the top and one in the middle), and 

assuming that 

 

 pp 2 = pp /2  as well as  pw2 = pw /2  , 

 

the new tensile force in the wires will be H2 = 1,700 N,  and the required diameter for the 

two wires will be then:  

 

dreq={4
.
H2 / (σall 

.
π}

0.5
= 2.5 mm 

 

 

3.1.3 Controlling the line posts 

The line posts are pressed by the limb vertically and bended by the wind 

horizontally. 

 

3.1.3.1 Control for compression 

The vertical force (G) acting on the post = the vertical load of the limb before and after 

the post on the length l/2 (Figure 3.8): 

 

G=2
.
0.5 l 

.
 pp = l 

.
 pp=4 

. 
44 =176 N       (16) 
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Figure 3.8 Vertical force (G) acting on the post 

 

 

The compressing stress is:  σpg = G/A=4 
.
 G/ (D

2. 
π )     (17) 

 

 In case of an acacia post with a diameter of 9 cm: σpg =2.77 N/cm
2
, which is much 

less than the allowed value of 6,500 N/cm
2
 set forth in Table 3.1 below. 

 

Table 3.1 Main strength properties of acacia wood  

σpgall 6,500 N/cm
2
 

σbendcrit 1,350 N/cm
2
 

E 1.8 
.
10

6
  N/cm

2
 

 

 

3.1.3.2 Control for buckling  

 Buckling may damage long and thin rods. According to Euler, force Fk resulting 

in breakage is: 

 

Fk = π
2
 
.
 Imin 

.
E / sk

2         
(18) 

 

where  

sk   is the length of a rod as shown on Figure 3.9  

Imin  is the minimum moment of inertia  

E     is the modulus of elasticity. 
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Figure 3.9  The length of a rod of trellis posts 

 

In our case sk = 2 
.
h 

The minimum moment of inertia for a cylindrical post: Imin= I = D
4
 
.
 π / 64 m

4 
(19) 

 

 

Its calculated value:  Imin =322 cm
4
 . With E taken from Table 3.1 (E=1.8 

.
10

6
 N/cm

2
), the 

critical force of buckling is 

   Fk =35753 N. 

 

As G, the vertical force, acting on the post is much less than Fk , no buckling is to be 

expected. 

 

 

3.1.3.3 Control for bending  

 Wind may bend the posts. The force acting horizontally on the post in the centre 

of the area l 
.
 h is 200 N. The moment of bending due to Fw on each post is then (Figure 

3.10): 

 

Mbend = Fw 
.
h /2= 200 N         (20) 

 

The maximum bending stress in the post:  σbend = Mbend / K0 

 

 

where K  is the factor of the post‟s cross section (see above): 

 

K = I / e = D
3
 
.
 π / 32= 71.6 cm

3
  and  e=D/2 

 

 

 With the data above: σbend = 279 N/ cm
2
 which is less than the critical bending 

stress value of the acacia wood (see Table 3.1: σbendcrit =1,350 N/cm
2
). 
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Figure 3.10 Bending moment on the post, due to wind  

 

 

 

3.1.4 Control of the post in the sole 

3.1.4.1. Control of the soil resistance in vertical direction 

 The post must not slip vertically into the soil. To check this, let us compare the 

acting and the reacting forces. 

The acting force is G (the vertical force on the post). The reaction must come from the 

soil: 

 

Fsoil = σsoil  
. 
A         (21) 

 

where  

σsoil  is the normal stress in the soil 

A     is the cross section of the post 

 

 The normal stress in the soil underneath the post is the same as that inside the post 

in the vertical direction:   

 

σpg =G/A=4 
.
 G/ (D

2. 
π )         (22) 

 

The average specific soil resistance: σsoilspec = 10 N/cm
2
, taken from engineering practice. 

 

As  σpg =G/A=2.77 N/cm
2  

is less than the specific soil resistance, the post will not slip 

into the soil.      

 

3.1.4.2. Control of the soil resistance in horizontal direction 
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 The question arises as to how deep the post should be sunk into the sole to resist 

the horizontal load of the wind.  

  

 Let us presume that the depth of the post in the sole is x and its virtual turning 

centre is in a depth of x/2. 

 

 

 If the acting and the reacting forces and moments are in balance, the soil must 

react to the moment Fw (h/2+x/2) and the horizontal force Fw (see Figure 3.11). 

 On Figure 3.11, σ1   represents the maximum soil stress on the post‟s surface 

when the post turns. The volume of the triangles gives the values of the concentrated 

forces E which are located in the centre of gravity (presuming that the soil stress along 

the post is linearly distributed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Active and reactive forces acting on the post in the soil 

 

 

 

 

Forces E can be calculated as follows (Figure 3.12): 

 

E=x/2
.
 σ1/2

.
 D= (x

.
 σ1)/4

.
 D        (23) 

 

 Now the equilibrium of the moments: 

 

Fw 
.
 (h+x)/2= x/2

.
σ1/2

.
 2x/3

.
 D= σ1

.
 x

2.
D/6      (24) 

 

(Note that the arm of the reacting moment is 2x/3)  
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Figure 3.12 Replacing the soil pressure with concentrated force E 

 

A second equation can be set up for the equilibrium of the horizontal forces: 

 

Fw = σ2 
.
 x 

.
 D         (25) 

 

where σ2  is the soil stress due to force Fw (see in the middle of Figure 3.11). 

 

 When the post stands stable in the soil, the sum of soil stresses must not surpass 

the specific soil resistance. This gives the third equation of equilibrium:  

 

σ1+ σ2 ≤ σsoilspec         (26) 

 

Solving now the three equations, we get the following expression for x: 

 

x= {Fw +(Fw
2
+7.5

.
D

.
 Fw 

.
h)

0.5
}/(5

.
D)       (27) 

 

Replacing D and h (both in cm):  x = 41 cm  

 

 Taking into account that the surface layer of the soil is cultivated, the reason for 

its being loose, the posts should be sunk 60-70 cm deep into the soil.  

 

 

3.1.5. Control of the end posts 

  Force H =3,400 N loads horizontally the two end posts of the row. If they stand 

vertically, the reacting forces are N1 and S1, as shown on the left side of Figure 3.13.  

 

 

 

 

 

 

 

 

 

 

Figure 3.13 Vertical and tilted end posts  
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 When tilting the post by β, the reacting forces change (see the right side of Figure 

3.13), but in this case a longer post is needed. In general, the two reacting forces are:  

 

N = H/{sinβ
.
 (ctg α+ctg β)}   and             (28) 

S=N
.
 sinβ/sinα         (29) 

 

The value of angles α and β are optional.  If both are 60
0
, all three forces are equal: N2 = 

S2 = H 

 

Let us review the following arrangements: 

1. Vertical end-post without anchoring 

2.   Vertical end-post with α = 60
0
   

3.   Tilted end-post, α = β = 60
0
 

 

1. Vertical end-post without anchoring 

 The post must be sunk deep enough to get the necessary reaction force due to H. 

Using the earlier equation for x: 

 

x= {H +(H
2
+15

.
D

.
 H 

.
h)

0.5
}/(5

.
D)=154 cm,  which is irrationally deep.  

 

2.   Vertical end-post with α = 60
0
  

 The two equations above can be used for the calculation of the reacting forces for 

N and S, with the presumption β =0: 

 

N1= H/ctg α=5,889 N and   S1 = 6,800 N 

 

It is now necessary to perform the following control calculations for the end post: 

• Control for the post‟s compression: σpg =92.6 N/cm
2
, less than 6,500 N/cm

2
,  no 

damage  

• Control for buckling: Fk =35,753 N > N1,  no risk of braking 

• Control for slipping into the soil: N1/A=92.6> σsoilspec the post slips into the soil. 

By increasing contact area (A), the problem can be solved.  

 

The increased area (e.g. a concrete plate) must be: A ≥ N1/σsoilspec=589 cm
2
 

 

3. Tilted end-post with α = β = 60
0
   

 

In this case N2 = S2 = H= 3,400 N 

The new post length:   h’=h/cos30
0
= 2.3 m 

  

The buckling force for this longer post is F’k =27,034 N, more than the critical tensile 

force N1. No buckling is to be expected. 

Control for the post slipping into the soil: N2/A=53,4> σsoilspec ,  the post slips into the soil 

in this case as well.  
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By increasing contact area (A), this problem can be solved here as well. The increased 

contact area must be:  

A ≥ N2/σsoilspec=340 cm
2
 

 

 Increasing the contact area under the end post can be done by applying  

- a support plate (see on the left side of Figure 3.14) or 

- concrete reinforcements (see on the right side of Figure 3.14). 

 

 
 

Figure 3.14 Increasing the contact area under the end post by a support plate and by 

concrete reinforcements  

 

3.1.6 Designing the anchoring of wire in the soil 

 Force S  at the end post must be balanced. For this purpose anchors are sunk into 

the soil. The most often used anchor elements are concrete plates and metal helix plates 

(Figure 3.15). 

 The dimensioning of anchors means the determination of the anchor‟s depth in the 

soil and/or its surface.  

 
 

Figure 3.15 Metal helix plates as anchoring elements 

 

The anchoring element will resist force S as long as the stress in the soil along the 

sheered area is less than the critical sheer stress of the soil (Figure 3.16): 
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τs ≤ τ=S/(U
.
 xh)       (30) 

 

 

Where 

 τs  is the critical shear stress of the soil 

U   is the circumference of the anchoring element 

xh   is the depth of the element in the soil. 

 

 
 

Figure 3.16 The anchoring element in the soil  

 

From those: xh= S/(U
.
 τs)       (31) 

 

Replacing S1 and S2, and with the helix plate diameter D=12 cm, the circumference is 

U=D.π =37.7 cm, τs = 3 N/cm
2
 is the critical sheer stress of the soil, taken from 

engineering practice.  

 

The results with the above equation are the following: 

- at vertical end-post (S1 = 6,800 N) :     xh1 = 60 cm, 

- at tilted end-post (S2 = 3,400 N) :    xh2 = 30 cm. 

 

The data above is valid for well-compressed soil. In case of a cultivated surface, these 

values should be increased by 20-30 cm.  

 

 

 

Control of the wire diameter between (end-post  and anchoring element 

 

 Acting force S may be greater than H. In this case, the diameter of the wire should 

be recalculated, as shown earlier. 

 

 

 

 

3.1.7 Results and conclusions of the calculations 

 Let us compare our calculated values with some recommended trellis parameters 

published in a journal for growers (Figure 3.17). 
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Figure 3.17 Recommended trellis parameters published in a journal for growers 

 

 

• The calculated diameter of wires IS SIMILAR TO THOSE  published in the 

journal, both in case of single and multiple wiring.  

• The diameter of posts controlled in the above calculations does not deviate from 

the diameter published in the journal. 

• The calculated depth of posts in the soil is 41 cm, the same as the recommended 

figure.  

• For the end posts the paper does not recommend any bolster plates. Instead, the 

depth in the soil is increased. 

 

Based on the foregoing, we can conclude that the above calculations are of practical use 

and enable the design even of new trellis forms.  

 

 

3.2 Building trellises  
 After having determined the main parameters of the plantation, the building of 

trellises means the following activities: 

 Setting the line and the end posts, 

 Setting the anchoring elements 

 Laying, fastening and straining the wires 

  

 Before building the trellises, the soil of the plantation must be checked as it can 

greatly influence the type of materials and the method of construction. 

 

 

3.2.1 Post driving methods 

Posts can be set both by digging and manual tamping or driving.  
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3.2.1 Post driving by digging 

 For digging holes a large variety of tools and machines are available, starting 

from hand-held drills to tractor-mounted drilling machines (Figure 3.18).  

 

 

 
Figure 3.18 Tractor-mounted drilling machine 

 

3.2.1.2 Static post drivers  

 Post drivers can work statically and dynamically. 

 Static post drivers are tractor-mounted tools; their main working elements are 

hydraulic cylinders.  

 Figure 3.19 shows a static post driver mounted on the side of the tractor. In hard 

soil, first a provisional hole is drilled (washed out) hydraulically using water from the 

tank carried by the tractor. Second, the post is pressed into the hole by the pushing plate 

of the machine.  

 

        

 
.Figure 3.19 Static post drivers with hydraulic driller 
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 Static post drivers are fast, simple, and cheap tools although their driving capacity 

is limited by the weight of the tractor (if the soil resistance is too high, instead of driving 

the post, the tractor lifts itself up). 

 

 

 

3.2.1.3 Dynamic post drivers  

 The other method of setting the posts, regardless of the soil type (soft, medium or 

hard, sandy or clay), is by driving them dynamically. Dynamic post-driving means hitting 

the top end of the post periodically by lifting and realising a heavy mass.  

The simplest dynamic post-drivers are hand-held tools, with a weight of 6-8 kg, used for 

posts up to 65mm in diameter. It is actually an iron tube with one dead end and two 

handles (Figure 3.20). After fitting the tool on the end of the post, then lifting and 

pushing it down periodically, the post will sink gradually into the soil.  

 

 
 

Figure 3.20 One-man operated dynamic post driver 

 

 Manpower can be saved if the lifting is done by high-pressure air. In this case, the 

hand-held tools are much heavier and are complemented by a compressor unit with a long 

air pipe.  

 In case of posts with larger diameter and where greater work-capacity is needed, 

tractor-mounted, hydraulically driven drivers are used. The mass of their “hammer” can 

reach 135 kg.   In hard soil, post-setting may start by drilling a provisional hole using a 

powered auger. Some machines are supplied with both an auger and a driver unit.   

 Wood posts driven dynamically have greater resistance to being pulled out, 

pushed down and turned over than those set by digging and hand tamping.  

 

3.2.2 Setting the anchoring elements  

 The most widely used earth anchors are made of high quality steel with a centre 

eye and a helix plate. For the purpose of protection, in most cases they are galvanized.  

They are available for both manual and machine installation.  

 An example for manual installation is shown on Figure 3.21. The anchoring set 

consists of a helix plate, a wire with hooks on both ends, and a T shaped hand driver unit. 

The helix plate is connected to the bottom and the hand driver to the top end of the wire 

(1 and 2 on Figure 3.21.). The bottom end of the hand driver sits in the rectangular 

opening of the helix.  

 

javascript:%20void(0)
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Figures 3.21 A possible technique for driving the pulley by hand into the soil.  
 
 

 After fixing the wire to the hand driver, the procedure can start (3 and 4 on Figure 

3.21). Upon reaching the necessary depth, the hand driver is disconnected from the wire 

and is pulled out of the soil. The upper hook of the wire is now ready for connection to 

the end post wire (5 and 6 on Figure 3.21).    

 

3.2.3 Laying, fastening, and straining the wires 

 Laying the wire along the posts before fastening it is usually hard manual labour. 

There are special trailers which carry the wire spirals along the plantation row. Figure 

3.22 shows such a trailer capable of carrying 6 wire coils at the same time. A hydraulic 

lift helps loading and unloading. The wires are led among 3 rollers to prevent the spirals 

from rolling down freely. 

 

 
Figure 3.22 Trailer wire spirals along the plantation row 

 

The wires are fixed onto wooden posts with staples. It is recommended to use a 

strainer for each wire to reach uniform stress. Simple strainers are shown on Figure 3.23. 
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Figure 3.23 Simple wire strainers for building trellises  
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4. Dimensioning and selecting modern irrigation systems 
 

 
 

The task of an irrigation system is to lift, deliver, distribute, and discharge 

irrigation water.  In order to accelerate static water to the appropriate (flow) velocity (hc: 

velocity height), the geodesic level difference (hg: geodesic height), and the resistance 

resulting from pipe friction (hv: loss height) must be overcome and the appropriate 

operating pressure (hp: pressure height) must be ensured.   

 

In order to achieve the above listed goals, irrigation water must have appropriate 

hydraulic parameters to be described in detail in the following chapter, together with 

several important topics of flow dynamics. 

 

4.1. Characteristics and basic correlations in flow dynamics 

 

 Volume flow: the volume flowing across a certain cross-section during a 

certain unit of time 

 its symbol is q,  

 its (SI) unit is m³/s (for calculation, this unit is used always) 

 its other units are m³/h and l/min (used in practice) 

 

 Pressure: compressing force on a unit of surface, its symbol is   

[N/m
2
]. In pipelines, in most of the cases the pressure difference causes 

the liquid to flow. 

 

 Static pressure: its symbol is pst. In the case the volume flow is 0, static 

pressure still can be present in the pipeline. 

 

 Dynamic pressure: its symbol is pdin, there is flow, and it designates a 

pressure value related to a given volume flow. 

 

 Its (SI) unit: Pa = (N/m²) (for calculation, the latter is used). 
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 Its other unit: bar (10
5
 Pa) (in practice, mainly this unit is used) 

 

 calculation of a water column‟s pressure, otherwise referred to as lift 

height (h):   

 

g: acceleration of gravity (m/s²) 

ρ: density (kg/m³) 

 The pressure of a 10m high water column: p = h * g *  ρ = 

10m * 10m/s² * 1,000 kg/m³ = 10
5
 N/m² = 10

5
 Pa = 1 bar 

 The pump is selected on the basis of a character curve 

where changes in the lift height may be observed as a 

function of the volume flow. 

 

 Hydraulic performance: Ph = q * h * g * ρ (W) 

 

 The pump‟s efficiency:  

 

Pm: performance of the driving motor (W) 

 

The law of Bernoulli 

 

In a closed pipeline, the sum of static, kinetic, and pressure energy of the flowing 

liquid is always constant on any cross-section, provided the conditions are ideal (meaning 

friction does not hinder the flow, external energy is not added or removed). This is 

Bernoulli‟s law on conservation of energy related to flowing material. 

 
Figure 4.1 Energy changes on given sections of the network 

 

Let us look at one part of the network (Figure 4.1): 
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Eö = Eh + Em + Ep = CONSTANT 

 

Eö: total energy 

 

Eh: static energy    [J] 

 

Em: kinetic energy    [J] 

 

Ep: pressure energy     [J] 

 

Let us note the equation for cross-sections 1 and 2: 

 

 

 
 

 

 

  

As opposed to cross-section 1, in cross-section 2 the static energy and the pressure energy 

increase at the expense of the kinetic energy. We can state in general that: 

 

 
 

dividing the equation by a unit force of gravity ( ): 

 

CONSTANT=
ρg

p
+

g2

v
+h

2

 

 where 

 

h = geodesic height (m) 

 velocity height (m) 

 pressure height (m) 

 

The Bernoulli equation is used for determining the total lift height of the pump. If the 

conditions are not ideal anymore, the value of the loss height (hv) resulting from friction 

must also be taken into consideration. 
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The value of hc is negligible. 

The value of the loss height: 

 
 

λ : internal friction factor of the pipeline 

le  : equivalent pipe length [m] : the correlation applies to a straight pipe section. Its 

value increased by 25% also includes the flow loss of the connecting profiles and 

the fittings.  

d  : internal pipe diameter [m] 

q  : volume flow [m
3
/s] 

 

The hö value calculated from the above equation is the total lift height related to the 

given (qsz) volume flow of the pump. Thus, we can determine the pump‟s operating point:  

.  

M[hö ; qsz] 

 

4.2. The usual structure of an irrigation system (Figure 4.2)  

 

 Water source 

 Water lifting facility 

 Distribution network 

 Water feeders 

 
Figure 4.2 Structure of an irrigation system 
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4.2.1 Water source 

Its task is to provide irrigation water.  

 

Public utility network: 

 It is the most obvious solution. If the volume flow and the related operating 

pressure are appropriate, there is no need for further mechanical engineering 

investment. 

 The water does not require further treatment. 

 It is expensive.  The current average price is 244HUF/m
3
. If there is no separate 

water meter installed for irrigation, then also a sewage fee must be paid, the price 

of which is 424HUF/m
3
.   

 If the incoming water quantity is enough, but the pressure is low, we can achieve 

the desired value by installing a pressure booster pump. The pump must be 

selected carefully.  The value of the delivered volume flow must not exceed 80% 

of the value of the freely flowing water otherwise the network could absorb it.  At 

the same time, it must ensure the desired operating pressure.   

 If the incoming water quantity is not enough, then a storage tank will be 

necessary. The tank must be supplied with network water at a low volume flow, 

and a high pressure pump will take the water from the tank. The volume of the 

tank must equal at least the volume of the daily water discharge.  

 If the irrigation network is connected to the public utility network, a spring loaded 

back-flow preventer must be installed for preventing irrigation water from 

flowing into the network.  

 

Natural water: 

Surface water: lake, reservoir, canals, river, stream, etc. 

 For irrigating arable land, water is obtained by using a suction pipe equipped with 

a foot valve and a filter basket placed under the water surface. 

 For irrigating smaller surfaces, primarily grass, water is taken from a shore-

filtered dug or driven well.  In this instance, the natural filter layer (pebbles, sand 

bed) between the water source and the well ensures appropriate straining. 

 

Under surface: soil water, layer-water  

It comes from dug or driven wells. Only surface water or water above the first 

water-sealing layer, namely soil water is allowed for irrigation.  The quantity of the soil 

water constantly changes depending on the amount of precipitation and the weather. It is 

heavily polluted.  

In case of water sources above or below the surface, water yield is the most 

important parameter. If the yield is appropriate, irrigation water can be obtained directly 

from this source. If however the water yield is low, a storage tank must be built. A 

smaller capacity pump lifts the water from the well and fills the tank.  Finally, an 

irrigation pump delivers the water from the tank to the irrigation system. The volume of 

the storage tank must equal at least the volume of the daily water discharge.  

A few related terms: 

 Static water level: the water level in dug or driven wells when there is no 

water removal.  
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 Operating water level: water level in dug or driven wells when water is 

taken. 

 

Precipitation water: this is the best quality irrigation water. However, it is investment 

intensive, as a reservoir and a pump system must be installed. The question arises how 

much time is needed for achieving return on investment. We can obtain only 6-7% of the 

required quantity from this source. Therefore, it is not profitable.    

Technological water: by-product of some technology, for example, in case of swimming 

pools, it is the water delivered to the sewage system, or water resulting from some other 

technology, for example, cooling water.  

When using natural (except precipitation water) or technological water sources, irrigation 

water must be tested in all cases. 

 

4.2.2 Water lifting facility (Figure 4.3)  

It consists of the following elements: 

 Pump which provides irrigation water with the appropriate parameters (pressure, 

volume flow). 

 Fittings which ensure the adequate operation of the pump (hydrofor tank, on-off 

fittings, filters, and electronic fittings necessary for operation).  

 

Basically, two types of pumps are used: self-priming and submersible pumps.   

Their use is determined by the depth of well‟s operating water level.  

 What is the depth from which the self-priming pump can theoretically lift water? 

 The pump can lift water theoretically from a depth of 10m. In practice, it can lift 

water from a depth of 5-6m.   

 If the operating water level is more than 6m below the suction stub, both the self-

priming and the submersible pumps can be used.  If it is even lower, only the 

submersible pump can be applied. 
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Figure 4.3 Water lifting facility 

 

 

Self-priming pump (Figure 4.4) 

 
Figure 4.4 Engineering design of the self-priming pump 
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The pump placed above the operating water level lifts the water with a suction pipe.  A 

spring loaded foot valve equipped with a filter is fixed to the end of the suction pipe. Its 

task is to retain the water in the suction pipe after the pump has stopped operating.  The 

pump attaches to the irrigation system through its pressing stub.   

 

Submersible pump: (Figure 4.3) 

 

It is a pump placed below the operating water level, connecting to the irrigation system 

with its pressing stub. Its operation is simpler, because a suction pipe is not necessary.  

 

Fittings of water lifting facilities: 

 

 Foot valve: spring loaded back-flow preventer which prevents the pump from 

dropping the water in the suction pipe.  Its filtering function is important, because, 

as a result of pollution, the valve plate could get caught and drop the water.   

 

 On-off fittings:  

 

o Taps 

o Valves 

o Bolts 

 

 Hydrofor tank: depending on the size of the system and the lift height of the 

pump, it comes in 10-16bar versions. It ensures system flexibility.  If only a small 

amount of water is taken, the pump does not have to be switched on; operating 

pressure is secured by the hydrofor tank.   

 Pressure meter (manometer) 

 Electric fittings (start relay, motor protection, protection against dry runs, pressure 

switch, frequency shift, flow sensor, level control, etc.). 

 

Pump – operation of the irrigation network: 

 

 The pump can be started in several ways.  

  

 Direct start: in case of automatic irrigation, the start relay switches on the 

pump‟s electric circuit and keeps it on during the irrigation cycle. The risk 

is however, that if one of the magnetic valves fails to open, the pump will 

keep working, but as no water is taken, it cannot deliver water.  On the 

long term, this can lead to the break-down of the pump.  

 Flow sensor: it senses the flow and, upon reaching a determined pressure, 

it turns on the pump.  If the flow stops, it switches off the pump.  It also 

provides protection against dry runs.  

 Pressure regulator: it automatically regulates the operation of the pump 

between the set minimum and maximum values.  
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Pipe network character curve:  

On the basis of hö  = hg  + hv  + hp, we can calculate the values of “h” of the 

character curve as a function of the volume flow. The value of hg is a constant 

value independent of the volume flow.  The values of hp and hv are proportional to 

the square of the volume flow. Therefore, the character curve is a parabola shifted 

upwards by hg. 

 

Character curve of the pump: to be provided by the manufacturer. 

 

We can see the two curves in the diagram; they intersect each other.  The 

point where the pump works simultaneously with the pipe network is the pump‟s 

operating point (M). Figure 4.5 

 
Figure 4.5 Character curve of the simultaneous operation of the pipe network and the 

pump 

 

The operating parameters of pumps 

 

 The character curve shows the operating parameters.  We plot the lift height and 

the efficiency of the pump as a function of the volume flow.   
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Figure 4.6 Characteristic points on the pump‟s character curve 

 

Characteristic points (Figure 4.6): 

 

 Maximum lift height: (the value of static pressure expressed in lift height), the 

volume flow is 0.  

 Maximum volume flow: (free water flow), the lift height is 0.  

 Normal point: the values of the lift height and the volume flow related to the 

highest efficiency. N(hN,qN) 

 Operating point:  the point determined by the values of the lift height and the 

volume flow where the pump works simultaneously with the pipe network. The 

pump should be selected so that the operating point will be as close as possible to 

the normal point of the pump.  

 

Operation characteristics:  

 

 Shell curves: curves placed on points of the same efficiency.  

 Simultaneous operation of several pumps: if (i) the water demand exceeds the 

volume flow of the pump or (ii) the lift height demand exceeds the total lift height 

of the pump, several pumps must be connected to each other.  The basic rule of 

operating several pumps together is that only identical pumps can be connected.   

 If the goal is to increase the lift height, the two pumps must be connected in 

series.  (Figure 4.7). 



 108 

 
Figure 4.7 Pumps in series 

 

 If the goal is to increase the volume flow, then the two pumps must be connected 

parallel to each other (Figure 4.8).  

 
Figure 4.8 Pumps connected parallel to each other 

 

 If we can change the pump‟s rpm, then the different hydraulic parameters will 

change as follows:  

 

 The volume flow is directly proportional to the change of the revolution 

number: 

 

 

 The lift height is proportional to the square of the change of the revolution 

number: 
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 The hydraulic performance is proportional to the third power of the change of 

the revolution number:  

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Distribution network: 

 

  The distribution and delivery of the irrigation water to the water nozzles.  

 

4.3.1 Structure: 

 

2.3.1.1 Mainline  

 

  It delivers the water from the water lifting facility to the water distributors. They 

are located in the center of the irrigable area.  This is where the sub-lines connect to the 

mainline.  

 

2.3.1.2 Sub-line 

 

  It delivers the water from the mainline to the water nozzles. In case of spray 

irrigation, the sprinkler heads connect to the sub-lines with determined spacing.  

Considering its design, it can be stationary or mobile. 

 

  In case of a stationary design, spray irrigation is carried out by rotating sprinkler 

heads operating in stationary position.  Water coverage is determined by the time 

period during which the sprinkler heads work.  In terms of its location, it can be 

installed on the surface or built-in.    

 

  The mobile solution is based on the travelling sprinkler system. It is installed on 

the surface. The relocation of the travelling equipment is fully automated.  It delivers 

water to the soil and plants while the sprinkler heads, the console or other water feeders 

are in constant motion.  Water coverage is determined by the travel speed of the 

sprinkler heads or the consoles.  
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The water-reel travelling irrigation equipment is the most often used mobile 

equipment.  Its main element is the 250-450m long, deformation-resistant, hard 

polyethylene hose. This hose determines the length and partly also the width of the strip 

that the sub-lines can irrigate. The hose is wound up on a drum during operation.  

Before starting operation, the hose is towed by a tractor to the end of the strip to be 

irrigated.   

 

Figure 4.9 contains the main structural elements.  With a wheel (1) and an 

adjustable shank (2) on a supported frame (3) the drum (4) is supplied with bearings.  

The hose (connecting to the water source) (5) of the equipment through a tap drives a 

hydro-motor (6) which rotates the drum. The axle switch, the shift gear, and an external 

power axle (7) drive are placed between the motor and the drive gear.  The travelling 

sprinkler head (10) is located on a framed (8) platform (9) fixed to the outside end of 

the KPE hose.  On Figure 4.9 this platform is in a pulled-in position, the so-called 

transport position.   

 

 
Figure 4.9 Water-reel travelling irrigation sub-line (from Janos Lelkes) 

   

The equipment contains several automatic elements.  The most important of these 

is the sprinkler head end-switch which turns off the water after the whole strip has been 

irrigated.  The speed sustainer ensuring uniform water coverage in the travel direction 

and the automation regulating pre- and post irrigation at the beginning and at the end of 

the strips are also important. The so-called travelling consoles have been developed to 

overcome unsatisfactory work performance and energetics characteristics resulting 

from the wide radius of the sprinkler heads. The structure on Figure 4.10 is a pipe 

network (6) held by wire cords (7) mounted on a frame with a draw-bar (2, 4) running 

on wheels (1).  The console may be installed in the place of the sprinkler head box of 

the water-reel travelling irrigation sub-line. The water is delivered to the pipes 

constituting the console wings from the KPE hose through ascending pipes (3, 5). The 

pulverizing (8) sprinkler heads and other types of water releasers are placed on these 

console wings. Using the console usually decreases the area capacity of the water-reel 

travelling irrigation equipment, increases relocation work, and makes it more difficult.   
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Figure 4.10 Console of water-reel travelling irrigation equipment (from Janos 

Lelkes) 

 

 

  In case of travelling sprinklers, the water coverage is: 

 

 

h = qv /(B⋅v⋅1,000)  [mm] 

  where 

 

qv – water yield of the equipment (sprinkler head or console) 

[m3/h], 

  B – work width [m], 

  v – speed of travel [m/h]. 

 

 Multi-support irrigation sub-lines: 

 

 Linear equipment (moving in a straight line):  

 

The essence of the linear equipment is that the sub-line is not on the 

ground but several meters above it. A platform running on wheels carries 

the pipe.  During irrigation, the sub-line stands in a straight line (linear) 

and moves in a frontal direction perpendicularly to the pipe in the field. 

The wheels supporting the platform ensure forward travel (Figure 4.11).  
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Figure 4.11 Linear irrigation equipment 

 

The length of the sub-lines in case of supply on one side is 250-400m.  

The sprinkler heads can be on top of the pipe or fixed to pipes hanging 

down in order to be closer to the ground.  Water supply is obtained from a 

hydrant or a canal running parallel with the travel direction.  In the latter 

case, the equipment has a pump as well (Figure 4.12).   

 

 
Figure 4.12 Water supply to the linear irrigation equipment 

 

Diesel engine with 90-220 kW drive the pump and the generator. A tout 

wire cord, an induction cable or a guiding furrow parallel to the hydrant 

row keeps the pipeline in line with the travel direction. Angle deviation 

between the individual supports (gates) cannot be greater than permitted 

by the applicable regulation.  The electric motor and drive gear moving 

the individual elements are placed on the rig. The equipment is fully 

automated; it does not require an operator, only periodic controls. A 

tractor can haul the sub-line in the direction of the pipe to the next field. 

The advantage of the linear spraying equipment is that it moves on the 

same track, thus the damage resulting from treading is minimal. Water 

distribution in both length and cross-wise is rather even.  Consequently, 
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the amount of water that may be used for irrigation can be well adjusted to 

the water requirement of the plants. Its pressure requirement is small and it 

is not very labour intensive.   Its disadvantage arises mainly from the 

significant investment costs.  

 

 Centre pivot equipment (moving in a circle) (Figure 4.13): 

 

At one end of the pipeline is the water lifting facility (hydrant or well) 

serving as the centre of rotation. The other members placed spoke-wise 

move around the centre on a circular path. The outside members move 

with a fixed peripheral speed, while the inside members move with the 

automatically set speed appropriate for their distance from the centre 

tower, keeping the pipe segments aligned. The centre tower as a fixed 

point simplifies water supply, since it is technically easy to establish the 

connection to the network below the surface, or a well with a separate 

pump, or other above the surface water sources.    

 

 
Figure 4.13 Center pivot irrigation equipment 

 

 

 

 

4.3.2 Choice of irrigation system 

 

Criteria: maintenance, cultivation, utilization, aesthetics, investment, and labour 

requirements. 

 

Installed on the surface: both the mainline and the sub-lines are on the surface.  
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 Requires the least investment. 

 Highly labor intensive. 

 Disturbs cultivation and maintenance. 

 Relocation is done on irrigated areas (damage to the soil). 

 

Mixed-construction: the mainline is placed under the frost limit.  The sub-line on 

the surface connects to the mainline with hydrants inserted.  The hydrants are 

spaced so as to meet the requirements of the given culture.   

 

 Requires greater investment. 

 Not as labor intensive. 

 Disturbs cultivation and maintenance less. 

 In case of manual relocation, damage is done to the soil.  

 

Built-in: Both the mainline and the sub-lines are below the surface. Automatic 

sprinkler systems based on this method are built for sports facilities, public places, 

and formal gardens where the following criteria are important:    

 

 Aesthetics as a result of which even the sprinkler heads are hidden. 

The water pressure causes the sprinkler heads to pop up and 

irrigate the area.   

 The utilization of the area should not be disturbed (sports, 

relaxation, etc.). 

 The maintenance of the area should not be disturbed (garden 

maintenance). 

 This system requires the greatest investment and the least labour 

force. 

  

 
4.3.3 Parts 

  Pipes, jointing profiles, fittings 

 

 Pipes 

 Dimensions: 

 

 For metal pipes, the diameter of the pipe is given in inches.  For the most often applied 

KPE (high density polyethylene) pipe the outside diameter is used.  Table 4.1 contains 

the outside and inside diameters in inches.  

 

Table 4.1 Pipe characteristics 

 

Pipe characteristics 

Pipe sizes Packaging Pressure 
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Outside 

diameter 

inch Inside diameter 

(m) 

rolls marking bar 

D20 1/2” 0.0127 200m P6 6 

D25 3/2” 0.01905 200m P10 10 

D32 1” 0.0254 200m P16 16 

D40 5/4” 0.03175 200m  

D50 6/4” 0.0381 100m  

D63 2” 0.0508 100m 

D90 3” 0.0762 100m 

 

Characteristics: jointing profiles, pressure grading, packaging, location (under surface, on 

surface, closed place, manhole).   

 

Metal pipes: 

 Aluminum, zinc-coated steel pipe, P10 pressure grade, installed in 6m strands 

with positive and negative pipe endings. If the irrigation equipment is installed on 

the surface, a Perrot quick coupler is used.  

 Soldered cupper spigots used in building engineering, but not in irrigation.  

 Threaded jointing profile made of zinc-coated steel pipe; lately GEBO steel-cast 

quick coupler with a grip ring is used. P20 pressure grade, installed in 2-3 strands 

on the surface or in a manhole. As a result of the high pressure grade, it is used for 

the starting mechanisms of the irrigation system. Its significant structural solidity 

makes them suitable for carrying bigger fittings, pumps, and hydrofor tanks.  

 

Plastic pipes: 

 Hard PVC pipe, spigots connectible with cold welding, P6 and P10 pressure 

grades. It is sold in 3-6m strands.  This pipe can be used above the ground, as it 

does not tolerate under-the-surface shifts, or in closed spaces (not UV -resistant).  

Although it comes with a big pipe diameter, it can be installed in small spaces.  

Consequently, they are used primarily in pool engineering.  They are not used in 

irrigation. 

 High density, hard polyethylene KPE pipe used in irrigation systems. Pipe 

connectors: 

 Spigots in welding procedures. This is the cheaper method. The connectors 

can be taken apart only by destruction. 

 Quick connectors with grip ring: these can be installed later on without 

destroying them.  
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P6 and P10 pressure grades.  As there is only a slight price difference between the 

versions, P10 can be recommended, because it meets much higher solidity 

requirements. It comes in 100-200m rolls; it is easy to be installed.  Extension 

profiles are not necessary for laying down longer pipelines, if it is cut into pieces 

of the desired length. It is UV-resistant, but must go under the surface.  Frost 

destroys it only if the temperature goes below minus 20 degrees; it comes with a 

50 year guaranty. An example for its name is D32KPEP10.  It means a high 

density polyethylene pipe with 10bar operating pressure with an outside diameter 

of 32mm (1” inside).  

 

Pipe connectors: 

  

 Requirement: it should be solid (leak and drip free) and pressure resistant. 

  

  Quick couplers: these can be assembled and disassembled with one move. 

 

 
Figure 4.14 PERROT quick coupler 

 

 The Perrot quick coupler (Figure 4.14) is the most often applied fitting in 

mixed-construction distribution networks installed on the surface.  The O 

ring ensures solidity and the appropriate position of the coupler teeth 

resistance to pressure.   

 The hydro-flex quick coupler is used in mixed-construction distribution 

networks installed on the surface. 

 

o Connected pipe material: 

 Aluminum, steel plate, plastic: in 6m strands with positive 

and negative pipe endings.  It is used in irrigation systems 

installed on the surface.  

 Synthetic hose: serves mainly as connection between 

hydrants and mechanically relocated sub-lines. 

 Profiles: Cross, 45
0
 curve, 2x45

0 
curve, tee, Y shape. 

 On-off fittings, sprinkler heads, sprinkler head protrusion, 

other fittings: installed with inserts having positive and 

negative pipe endings. 

 

 Bayonet-joint: connecting sprinkler heads and sprinkler head risers. 
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Threaded profiles: with inch thread 

 

 Solidity, sealing material  

 

o Cupper profiles: Teflon tape, HILTI tape 

o Zinc-coated profiles: conical design.  It is recommended to use 

junk and tallow. The junk swells because of the water, and the 

original dripping, if any, will quickly stop and will not leak even 

after moving the connecting profile. 

o Plastic profiles: Teflon tape 

o When fixing zinc-coated profiles with plastic profiles, we can use 

only Teflon tapes, as the junk pries open the plastic part (for 

example, the inside thread of the magnetic valve).  

 

KPE quick connector (Figure 4.15):  

 Spigot with crimp ring for connecting KPE pipe, elbow, tee, extension, 

etc. 

 Threaded spigot: for connecting KPE pipe and threaded fittings (magnetic 

valve).  

 Pressure grade: P10, P16.  

 
Figure 4.15 KPE quick connector 

 

 

 

 

 
 

Figure 4.16 Installing the KPE quick connector 

 

 1a: Tapered nut-end 

 1b: Split, tapered sleeve with gullets  

 1c. Space retaining bushing 

 2:   O sealing ring 
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 3:   Body of the quick connector 

 

Its operation (Figure 4.16): 

 

 The O ring held in place by the bushing provides for solidity, preventing 

the pipe from creasing during installment. Upon pressure, the pipe pushes 

the tapered sleeve out, but the gullets sink into the outside surface of the 

pipe securing pressure resistance. The inside tapered surface of the 
nut-end presses the outside tapered surface of the sleeve onto the 
pipe in the direction of the shifting.  

 
Fittings: 

 

 Back-flow preventer valve 

 Foot valve 

 Drain valve 

 Saddle profile  

 Pressure regulator 

 Manometer 

 Hydrant 

 Dividing profile 

 Magnetic valve 

 Filter 

 Nutrient solution feeder 

 On-off fittings: 

 

 Tap: segmenting in case of smaller pipe diameter.  

 Valve: changing the volume flow. 

 Bolt: segmenting in case of bigger pipe diameter. 

 

 

4.4 Water releasers 

 

4.4.1 Surface irrigation 

 

In surface irrigation water moves over and across the soil, while infiltrating the 

soil surface. Evaporation loss is significant; this method is not wide-spread in Hungary.   

 

4.4.2 Spray irrigation 

 

It is an irrigation method which imitates rainfall.  The distribution network 

delivers the water to the sprinkler heads which shoot jets of water into the air and spread 

it over the soil and the plants in the form of rain drops. The characteristics of the sprinkler 

heads are operating pressure, volume flow, spraying radius, and cross-directional 
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spraying uniformity. The sprinkler heads must be spaced in a square or a triangular shape 

depending on whether arable land cultures or grass is irrigated. 

 

If arable land is irrigated, the goals are head-to-head coverage, meaning that is no 

spot should be left dry, and only a minimal overlap.  

 

The value of water coverage in this case is: 

 

 

 

Figure 4.17 Sprinkler heads spaced in a square shape (arable land) 

 

M: distance from the sub-line      [m] 

T: spacing of the sprinkler heads    [m] 

Asz: area covered by the sprinkler heads  [m
2
] 

Aö: area of the irrigated square        [m
2
] 

 

In case of grass (Figure 4.18), as a result of finer irrigation requirements, the 

cross-directional unevenness caused by the sprinkler heads and the distorting effect of the 

wind can be overcome only by ensuring appropriate overlap.  
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Figure 4.18 Sprinkler heads spaced in a square shape (grass) 

 

 

M = R: distance from the sub-line    [m] 

T  = R: spacing of the sprinkler heads    [m] 

Asz: area covered by the sprinkler heads   [m
2
] 

Aö: area of the irrigated square        [m
2
] 

 

The amount of water discharged by spraying and the quantity evaporated during 

spraying play an important role in water management.  In hot weather, evaporation loss 

can be even 30-40%. Using automatic irrigation systems can significantly reduce this 

percentage, because operating at dawn, evaporation loss can be avoided. 

 

In terms of their structure and operation, there are:  

 

Stationary spray heads:  

 

During operation, the spray heads do not move at all. The water jet 

shooting out of appropriately sized nozzles at a determined speed creates a liquid 

film upon hitting surface.  The film gets thinner as it moves away from the point 

of hit and the surface pressure breaks the film into drops.   

 

Swinging sprinkler heads: 
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This type got its name from the swinging motion of the water beams. The 

sprinkler heads have bores through which irrigation water spreads on the surface 

in the shape of a fan. They irrigate square shaped areas.  Their geometrical 

dimensions may be changed by adjusting the swing gear. It is also called square 

sprayer. They are used for irrigating both arable land and grass.  

 

Rotating sprinkler heads: 

 

During irrigation, the sprinkler heads rotate.  Depending on the device 

causing the rotating movement, we can distinguish:   

 

Swing-gear sprinkler heads (Figure 4.19): 

 

 Swinging arm moving on the vertical plane 

 Swinging arm moving on the horizontal plane 

 
Figure 4.19 Sprinkler head with swing-gear 

 

 

Turbine-driven sprinkler heads (Figure 4.20): 

 

The water entering the sprinkler heads drives a turbine which, after several 

cog-wheeled transmissions, rotates the sprinkler heads. The water leaving the 

sprinkler heads through specially designed nozzles looks like a “water curtain”.  

The angle of the discharge, the pressure, and the volume flow together determine 
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the spraying radius.  The correctly determined operating pressure and nozzle 

design result in the appropriate spray pattern (pulverization, drop size, water 

curtain). Higher pressure results in over-pulverization and the smaller drop size 

leads to bigger water runoff and evaporation.  If the pressure is lower, the drop 

size increases, the spray distance decreases, and the spray pattern deteriorates. 

 
Figure 4.20 Turbine driven sprinkler heads 

 

The sprinkler heads can spray in a range between 36
o
 and 360

o 
within a sector 

adjustable also non-gradually.  Upon reaching the end of the range, the sprinkler 

heads change the direction of the water jet entering the turbine and also the 

direction of the rotation with the assistance of a flow switch. 
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4.4.3 Micro-irrigation 

 

 The common characteristic of the various irrigation methods used in micro-

irrigation is that, at low pressure (≤ 2.5 bar) and during a unit of time, the water feeding 

elements discharge small amounts of water (≤ 500 l/h) to the plants. In micro-irrigation, 

water can be discharged in small portions, even several times a day. The goal is not to 

water the entire soil surface, only a determined portion of it.  The most often used 

methods are drip irrigation and micro-spraying irrigation.  

 

 Drip irrigation 

 

The water flows in a closed pipeline to the irrigation location where the 

water is discharged either through labyrinths (drip elements built into the pipe) or 

capillary tubes fixed to the pipe.  With this method almost 95% of the water can 

be utilized; the loss is minimal.  As the drip elements dissipate the water‟s energy, 

by the time the water arrives at the nozzles, its pressure drops to the atmospheric 

level. On Figure 4.21, it can be observed that, while moving through a labyrinth, 

the water loses energy as a result of the continuous changes in direction and 

bumps in the drip element.  As the size of the flow-through cross-section is 

appropriate, the drip element is not prone to clogging.  Within a 1.5 - 4bar range, 

the amount of the water discharge is almost the same.  

 
Figure 4.21 Drip pipe with a labyrinth 

 

 

D6, the so-called spaghetti drip pipe, has recently come on the market. As a result 

of its small pipe diameter, it is suitable for watering rockeries, balcony crates and 

other potted plants. It requires a pressure regulator.   
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Drip tapes (Figure 4.22) can be used for various agricultural purposes and 

watering shallow-rooted fruit cultures (for example, strawberry and raspberry) 

and vegetables (for example, lettuce, cabbage types, celery). 

 
Figure 4.22 Drip tape 

  

In case of drip irrigation, a filter with a 100-200 mesh (0.254 – 0.127mm 

hole-size) facing must be built in.  

 

Drip irrigation has numerous advantages. It feeds water accurately and 

water loss in minimal.  The drip irrigation system has many feeder elements 

which ensure highly uniform distribution. The system‟s design ensures that water 

loss is insignificant and water utilization of even above 95% is easily achieved. 

Wind speed does not hinder irrigation nor does it influence the uniformity of 

distribution. Building the system under the surface is not recommended, because 

roots can grow into the drip elements, clogging them. Installing it on the surface is 

not aesthetic. However, this problem can be solved by covering it with a mulch 

(bark of pine trees) layer. Certain horticultural plants need relatively high 

humidity content which is not satisfied by the low evaporation level.  In this case, 

misting and humidifier sprinkler heads are also needed.  

 

 Micro-spray irrigation 

 

Irrigation water is delivered in closed pipelines and discharged through 

low intensity sprinkler heads with high pulverizing efficiency. The most often 

used sprinkler heads are the rotary, spray and impact sprinkler heads. Each of 

these types is capable of providing a circular or sector spray pattern.  They 

overcome the problems experienced in drip irrigation such as clogging and the 

lack of sufficient humidity content. Further advantages are the wider rooting 

zones and the possibility of cooling the vegetation during the day.   
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Irrigation below the surface (Figure 4.23) 

 

 
Figure 4.23 Pressure compensated, leak-free drip pipe with vacuum-breaker 

 

 

Modern technology (built-in root barrier, vacuum-breaker) enables 

installation under the surface. This irrigation method can also be applied in 

irrigating slopes, since water is retained even after the operation is completed. 

Therefore, no puddles are left at the bottom of the slope.  

 

As opposed to surface installation, placing the drip elements under the surface 

has many advantages: 

 

 While feeding irrigation water, there is no evaporation loss; the soil 

surface can be kept completely dry.  

 As there is no evaporation, soluble salts are not concentrated on the 

surface.  

 

Figure 4.24 shows the water‟s journey in the soil ten hours after the one-hour 

irrigation cycle both when the drip pipe is placed under and on the surface.  
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Figure 4.24 Water‟s journey in drip irrigation with pipes installed under and on 

the surface 

 

 On arable land, the pipes do not have to be installed in the spring and 

collected again in the fall.  

 Drip pipes do not hinder work on the surface, for example, mechanical 

weeding. 

 The pipes are not exposed to the UV rays of the sun and the aging and 

decaying processes resulting from temperature fluctuations. Thus they 

may have a longer service life. 

 Placing the drip pipe under the surface prevents clogging caused by the 

roots.  This new patented procedure does not harm the environment as 

opposed to other procedures where the drip pipes contain root poison. 

 

4.5. Dimensioning and selecting the appropriate irrigation equipment  

 

 The procedure of dimensioning and selecting the appropriate irrigation equipment 

is almost the same regardless of whether the equipment is used for irrigating arable land 

plants (maize, vegetable, etc.), grapes and fruits, outdoor or greenhouse horticultural 

plants, formal gardens, sports facilities, parks, or the green surface of public places.  The 

differences may be in the order of magnitude (water and pressure requirement), method 

of placement (on the surface or built-in), and discharge (spray or drip or perhaps micro-

spraying) or the degree of automation.    

  

 In the following section, we will present the method of dimensioning the 

irrigation system to be used for watering the grass surface of a formal garden and a 

related tree nursery and the selection of the appropriate system by using a concrete 

example.  

 

The steps that are required to be taken in planning and dimensioning the irrigation 

system, its selection and building are survey, data collection, planning, tender for 

material, purchase of material, and building.  

 

 

 

4.5.1 Survey, data collection  
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Area: 

 In case of a new garden, the basic task is to prepare a plan. If it is an existing 

garden, but there is no plan, one must be prepared. The preparation of a plan requires the 

surveying of the area and the accurate marking on the drawing of the following items: 

 

 The location and the height of the existing trees, evergreens, bushes and shrubs, 

and grass. 

 The location of the buildings, surface coverings, garden facilities (grill, covered 

patio, swimming pool, etc.). 

 The orientation of various field conditions (bank, slopes, terraces, etc), the areas 

exposed to wind and sun, and the shaded areas. 

The new garden plan must be compared to the real situation on location. Photos 

should be made as well, because they help during planning.  

Water source 

 

The available water sources must be examined and their location must be marked 

on the plan.   

 

Public utility network: 

 

Connection to the network should be at the closest point to the public utility network, but 

always near to the water meter.  It is also necessary to obtain the hydraulic parameters of 

the water source and the characteristics and the character curve of the network.  The 

characteristics of the network can be determined simply and quite accurately with the 

assistance of a pressure meter, a high pressure hose with a union nut connection, and a 

10l bucket. The measuring process is conducted as follows (Figure 4.25): 
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Figure 4.25 Determination of the hydraulic characteristics of a network source 

 

 

1. We fix the manometer on the garden tap beside the garden water meter. When the tap 

is open, the manometer shows the value of static pressure (q = 0 l/min). Let us assume 

that the result of the measuring is 6 bar, hmax = 60m. 

2. We put the bucket under the tap, open it fully, and measure the time during which the 

bucket is filled. Let us assume that the result is 10sec. Thus, the value of the maximum 

volume flow (with freely flowing water) is qmax 60 l/min. (p=0).  

3. We arrive at the character curve of the network by plotting the two end points (Figure 

4.26) of the character curve and connecting them to the character curve.  This is naturally 

not as accurate as if measured with a special character measuring instrument, but it is 

quite accurate.  

4. Finally, having obtained the estimated values of the pressure height (operating 

pressure) (let us assume 35m), the geodesic height (let us assume 5m), and the loss height 

(let us assume 5m), we can determine the location of operating point M (hö = 45m) and 

read the available volume flow qö (30.2 l/min). 

 
Figure 4.26 Preparation of the character curve of the network water source 

 

Considering that water prices constantly increase, it might be worthwhile to 

examine the possibilities for establishing a natural water source and the time period 

required for achieving return on investment. We note that the energy cost of lifting 1m
3
 

water is approximately one-tenth of the price of network water.  

 

Natural water source: 

 

If water is obtained from a well, the contractor digging or driving the well must 

provide full documentation for the well at the time of its delivery.  The documentation 



 129 

contains, among other data, the water yield of the well.  This value should serve as the 

basis for the dimensioning of the irrigation system.  Water quality should be tested in all 

cases.  

 

Location of automation: (in case of an automatic irrigation system) 

 

 Criteria: 220V supply voltage, 24V signal voltage, protection against driving rain, 

and it should be in the center of the area from which almost the entire irrigable area is 

visible.  

 

Sensors (in case of automatic irrigation system) 

 

 Experience shows that rain sensors function with greater operation safety. 

  

Location: 

  

 It should not be in the rain‟s shadow (the possibility of driving rain should 

also be taken into account.) 

 If possible it should not be close to the plot boundary, because then it can 

be accessed also from the outside.  

 It should be close to the automation.  

 

4.5.2 Planning  

 
Figure 4.27 Structure of the automatic irrigation system, the drawing of the garden 

 

 

Preparation of the garden plan (Figure 4.27) 
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 Based on the survey, we draw the garden and all garden facilities proportionately 

to size on a millimeter paper. We can do this on a computer as well; this makes 

documentation easier.   

 

Dividing the area according to irrigation methods 

 

 Grass: Sprinkler heads 

 Bigger, unified areas 

Rotary sprinkler heads R = 6 – 12m 

 

 Smaller, broken-up areas 

Spray sprinkler heads R = 2.4 – 5.2m 

 

 Tree nursery: drip irrigation 

 Drip elements embedded in a D20 LPE pipe 

Spacing: 20, 33, 50, 75, 100cm.  If different type of spacing is required, 

the equipment will have to be manufactured separately. 

Water discharge of drip element: 4l/h 

pü= 1.5 – 4 bar 

 

 Drip elements embedded in a D16 LPE pipe 

Spacing: 20, 33, 50, 75, 100cm.  If different type of spacing is required, 

the equipment will have to be manufactured separately. 

Water discharge of drip element: 2l/h 

pü= 1.5 – 4 bar 

 

 Drip elements embedded in a D6 LPE pipe 

Spacing: 15cm   

Water discharge of drip element: 2l/h 

pü= 0.5 – 1.4 bar 

 

 Hedge, soil cover, evergreens: drip irrigation 

 Rockery: micro-sprinkler heads, humidifying sprinkler heads 

 

 

Lawn watering 

 

 It plays an important role in the irrigation system. Its characteristics are the 

following: 

 

 It has the biggest pressure (lift height) and volume flow requirement. 

 It performs the most accurate irrigation. 
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Figure 4.28 Spray range (R) of the rotary sprinkler heads 

  

Designing the spray pattern: 

 

 Criteria to be taken into account: 

 

 Watering should be done from sprinkler head to sprinkler head. 

 Spray radius 

   

 Rotary sprinkler heads: R =  6 – 12m 

 Spray sprinkler heads: R =   2.4, 3, 3.6, 4.5, 5.2m 

 

The spray pattern is drawn with calipers, making sure that the radius and the 

sector (for example, 180
o
, 270

 o
, 90

o
 etc.) are always in accordance with the 

geometry of the area. The spraying radius (Figure 4.28) determines which type of 

rotary sprinkler heads or spray sprinkler heads is to be used.  

 

Zone division: 

 

Properties: 

 Available water quantity (water yield l/min) 

 Value of operating pressure, bar 

 

Criteria to be taken into account: 

 

 Only the same type of sprinkler heads can be placed in one zone, because 

different types of sprinkler heads have different values of specific water 

discharge. For example, a spray sprinkler head discharges 4 times more 

water on a unit area than the rotary sprinkler head. 

 Choosing the nozzles of the sprinkler heads 

 

 In case of identical spraying radii, for example, one-fourth of the size 

of the nozzle watering a full circle must be built into the 90
o
 

sprinkler head to achieve identical specific water discharge.  

 If there are many sprinkler heads with the same spray pattern (for 

example, half circle or full circle) and they are relatively close to 
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each other, it is worthwhile to build the sprinkler heads with the 

same spray pattern in the same zone.  

Table 4.2 Characteristic data of the 5000 sprinkler head nozzles 

 
 

Zone building procedure: 

 

 The sprinkler heads must be numbered. 

 In the table, they are organized based on their spraying radii and spray 

patterns. 

 We take the volume flow based on the pressure, the spray pattern, and the 

spraying radius from the nozzle capacity table (Table 4.2). 

 We calculate the total volume flow (qö), then divide it by the volume flow 

of the water source (qk) and arrive at the number of the spray zones (Zsz). 

Naturally, this is not the final value, as zone division is influenced by 

exposure to the sun and the wind, and the sprinkler head type (rotary or 

spraying). 

 We designate the areas with identical exposure to sun, shadow and strong 

wind. We start building the sprinkler heads which are close to each other 
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in the zones and continue until the sum of their volume flow equals the 

value of qö.  

 When the zone division is completed, it is possible that the volume flows 

of the individual zones are different.   

 

 

 

Irrigation of the tree nursery 

 

 The simplest method of irrigating tree nurseries is using drip pipes, the spacing 

of which can be 20, 33, 50, 100, 150, or 170cm.  If we order bigger quantities, we can 

decide the spacing ourselves. The most often used drip pipe is the D20 drip pipe; the 

water discharge of its drip elements is 4l/h. 

 The D16 pipe is applied in watering evergreens.  The water discharge of its drip 

elements is 2l/h.  

 In case of balcony crates, potted plants, and rockeries, the D6 pipe, the so-called 

spaghetti drip pipe, is used. Its spacing is 15cm with a water discharge of 2l/h per each 

element.  A pressure regulator is necessary.   

 

 

Dimensioning 

 

 To facilitate better understanding, we continue our planning using a concrete 

example. The task is to plan the irrigation of a tree nursery and grass surface from a 

driven well (Figure 4.29).  The tree nursery will have to be irrigated with a drip pipe with 

determined spacing and water discharge.  Grass must be watered with spray sprinkler 

heads supplied with nozzles that have the water discharge and spray distance set forth in 

the table. A submersible pump lifts the water from a well with determined yield and 

operating water level. The determination of the required parameters of the pump and the 

operating parameters of the irrigation system constitute the last step in the planning 

procedure.  
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Figure 4.29  Drawing of the green surface of the garden 

 

 

 

Data: 

 

Distance of the well from the border of the area A  50m 

Width of the grass area    B  16m 

Length of the grass area    C  24m 

Length of the tree nursery    D  30m 

Row distance      E   1m 

Stock distance      S  0.5m  

Water requirement of the trees   M  3 l/tree/day  

Water discharge of the drip element   qcse  2 l/h  

Spacing of the drip pipe    G  0.2m   

Water yield of the well    qk  40 l/min 

Operating water level of well    hsz  7m 

Pipe friction factor      λ  0.02 

Equivalent pipe length     le  1.25 * l 

where  l : actual pipe length (m) 

Intensity      i  4mm 

 

 

 

Criteria to be considered: 

 

 As a result of the different irrigation method and the specific water discharge, drip 

irrigation and spray irrigation may be performed in different zones. 

 The water yield of the well serves as the basis for the dimensioning. 

 The pipe diameters that may be selected: D32 or D25. 
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 Requirement: the flow velocity in the pipe may not exceed (vf) 1.5 – 1.7m/s. 

 A minimum of 3.5bar is required for the appropriate functioning of the sprinkler 

heads. Therefore, the value of the pressure height hp should be at least 35m. 

 

To be determined: 

 

 The number of sprinkler heads required for watering the grass surface. Nsz 

 The number of the spray zones. Zsz 

 The volume flow of the spray zones. qz 

 The length of the drip pipe required for irrigating the tree nursery. Lcs 

 The number of the drip zones. Zcs 

 The volume flow of the drip zones. qcs 

 The value of the pressure decrease between the pump and the sprinkler head which 

is farthest (the most disadvantageous position) from the pump. hv 

 The pump‟s required parameters (operating point). M(hö ;qsz). 

 

 

Calculations: 

 

 a. Irrigation of grass surfaces: 

 

 Determining the type of the sprinkler head: 

 

 The size of the area requires the use of rotary sprinkler heads. Both sides can 

be divided by 8, therefore, the spraying radius is 8m.   

 In the catalogue (Figure 4.28), Type 5000 rotary sprinkler meets the 

criteria: at a 3.5bar operating pressure, the spraying radius can be 

changed between 7-11m. 

 Using calipers we draw a circle or sector with an 8m radius for the area to 

ensure watering from sprinkler head to sprinkler head. (Figure 4.30) 

 
Figure 4.30 Spray pattern plan  
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 Based on the spray pattern, we should select the nozzles of the individual 

sprinkler heads, their volume flow, the total volume flow, and the area 

covered by the sprinkler heads. (Table 4.3) 

 

Table 4.3 Selection of nozzles based on the spray pattern, covered area 

5000 

sprinkler 

head 

R qf spray 

pattern 

nozzles total q area 

covered 

by 

sprinkler 

heads 

nozzle 

marking  

m l/m pieces l/m m
2 

1.5 8 6 quarter 

circle 

4 24 201 

3 8 12 half 

circle 

6 72 603 

6 8 24 full 

circle 

2 48 402 

total    12 144 1,206 

  

 b. Number of spray irrigation zones: 

 

 On the basis of Figure 4.30 and Table 4.3 we can conclude the following: 

 

Nsz = 12 pieces     

qfö   = 144 l/min  

qf   : nozzle volume flow   [l/min] 

qfö : total volume flow of nozzles  [l/min] 

 

 c. Number of spray irrigation zones: 

    

 
 

 d. Volume flow of zones: 

 

http://szotar.sztaki.hu/search?searchWord=quarter&fromlang=eng&tolang=hun&outLanguage=hun
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 e. Construction of zones (Figure 4.31): 

 
 

Figure 4.31 Zone division plan 

 

 

Based on the zone division plan (Figure 4.31) we should put into the table the 

parameters of the sprinkler heads (spray pattern, nozzle, and volume flow) and the 

volume flow of the individual zones. (Table 4.4) 

 

 

 

Table 4.4 Sprinkler head nozzles by zones, characteristic data 

5000 

sprinkler 

heads 

R Spray 

pattern 

qf Sprinkler 

head 

Total q qszz 

number 

of 

sprinkler 

heads 

M  l/m pieces l/m 

1, 4 8 quarter 

circle 

6 2 12 36 q1z 

2, 3 half 

circle 

12 2 24 

5 half 

circle 

12 1 12 36 q2z 

6 full circle 24 1 24 

7 full circle 24 1 24 36 q3z 

8 half 12 1 12 

http://szotar.sztaki.hu/search?searchWord=quarter&fromlang=eng&tolang=hun&outLanguage=hun
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circle 

9, 12 quarter 

circle 

6 2 12 36 q4z 

10, 11 half 

circle 

12 2 24 

Total   12 144   

 

f. Determining the location of the magnetic valve group: 

 

 The “center” of the area to be irrigated can be found at the point where 

the tree nursery and the grass area meet, at the upper plot boundary. It 

contains 4 magnetic valves between zones I-IV. (Figure 4.31) 

 

g. Determining the pipe‟s cross-section: 

 

 We start laying down the pipe at the last sprinkler (4) and finish it at the 

last valve group.  

 We determine the quantity of water flowing through the sections, and 

from this we calculate flow velocity. 

 

 
 

qi  :volume flow on the given pipe section [m
3 

/s]. 

Ai :cross-section of the given pipe section  [m
2
]. 

 

D25 pipe diameter - ¾” = 0.0254 * ¾ = 0.019m 

D32 pipe diameter - ¾” = 0.0254m 

 

 

We should calculate the volume flow at which we have to change the pipe 

diameter (vmax = 1.7 m/s): 

 

 In case of D25 diameter (below it is designated with the letter “d”) 

 

  

  

  

 

 

 In case of D32 diameter (below it is designated with the letter “D”) 

http://szotar.sztaki.hu/search?searchWord=quarter&fromlang=eng&tolang=hun&outLanguage=hun
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 We have to calculate the volume flow of the pipe sections of the 

individual zones, and based on the above criteria, we should select the 

diameter of the given sections (Table 4.5) 

 

Table 4.5 Quantity of water flowing through the pipe sections of the zones, pipe 

diameters 

Zone Volume flow flowing through the pipe section l/m  

q1 q2 q3 q4 qg 

I. 6 18 30 36 36 

Pipe 

diameter 

d25 d25 D32 D32 D32 

II. 24 36   36 

Pipe 

diameter 

d25 D32   D32 

III. 12 36   36 

Pipe 

diameter 

d25 D32   D32 

IV. 6 18 30 36 36 

Pipe 

diameter 

d25 d25 D32 D32 D32 

 

h. Calculation of the total lift height: 

 

 The zone building plan is finished. Based on the calculations, we can now select 

the pipe diameters. We also have to determine the total lift height (hö): 

 

  

hg = hsz =  7m 
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hp =  35m 

 

hv : to be calculated 

 

 

 

It is advisable to reduce the constants in the equation, as it makes further 

calculations easier. 

 

Constant:   

 

 

We should make sure that the unit in SI is correctly applied. 

 

Volume flow: 1l/min = 1/60,000m
3 
/s. 

 

The sprinkler head in the worst position, for which the dimensioning is carried 

out, is the one marked 4 on Zone I.  
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hv = 5.6975m 

 

hö = 7m + 5.7m + 35m 

 

hö = 47.7m 

 

The operating point of the pump:  

 

M (47.7m; 36l/min) 

 

Irrigation of the tree nursery:  

 

The trees are watered using a drip pipe with 20cm spacing.  The water discharge of 

the drip elements is 2l/h.  We lay one row beside the tree row.  Thus, the length of 

the drip pipes equals the length of the row.  

 

a. Determining the location of the magnetic valve group: 

 

The center of the irrigable area can be found at the border of the tree nursery and 

the grass area.  It contains 3 magnetic valves between zones V and VII. (Figure 

4.31) 

 

b. The length of the drip pipe: 

 

 

   

 

 

c. The volume flow of the drip pipe: 

 

 

   

 

d. The number of the drip zones: 
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As the operating pressure requirement of drip irrigation is less than that of spray 

irrigation, 1.5bar is already sufficient. Therefore, the values calculated for the spray 

sprinklers are authoritative for the operating point of the pump to be selected.  

 

Determination of the operating parameters 

 

 Spray sprinkler heads 

 

Coverage of the sprinkler heads: 

 

 Size of the grass area: 

 

  

 

 The area coverage of the sprinkler heads is set forth in Table 4.3: 

 

 
 

 

 The value of the coverage: 

 

 
 

 Daily water requirement of the grass surface: 

 

  

 

 

 The operation time of the spray sprinkler heads: 

 

 The average volume flow of the zones: qz = 36l/m 

 

 Operation time of the spray zones: 

 

 Full operation time:  

 

   

 
  

 

Operation time of one zone: 
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Corrected full operation time: 

 

  

 

 

 Drip irrigation: 

 

Daily water requirement of the tree nursery (Vfi): 

 

Total number of trees: 

 

  

 

Water requirement: 

 

 
 

Operation time of drip irrigation: 

Average volume flow of zones: qcs = 40 l/min   

 

Operation time of drip zones: 

 Full operation time:  

 

 Operation time of 1 zone:   

 

 Total of operating parameters: 

Daily irrigation water requirement: 

 

 
   

Total operation time of irrigation: 
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Control questions: 

 

 What does the Bernoulli equation express and for what purpose do we use 

it practice?   

 What are the parts of the irrigation system? 

 What kinds of water sources do you know? 

 What are the parts of the water lifting facility? 

 What is the difference between quick couplings and quick connectors? 

 What are the steps of establishing an irrigation system? 

 How do we determine the characteristics of the network water? 

 What are the planning steps in designing an irrigation system? 

 What must be taken into account in the process of zone division? 

 What is the basis of dimensioning the pipe network? 

 What are the criteria for selecting the location of the automation and the 

magnetic valve group? 

 What are the operating parameters to be determined as the final step in the 

planning process? 

 
5. Plant protection 

 Pest insects cause approximately 14 % loss of the yield per year on the cultivated 

arable lands of the world. Another 12 % of loss is due to weeds, 9 % to pathogenic fungi 

and viruses. Altogether approximately 35 % of the yearly crop, which means the yearly 

food of 1.5 billion people, is destroyed by pests. Therefore, plant protecting practices are 

needed in order to avoid, prevent or cure these destructive effects. The task of plant 

protection is to provide the demanded quantity and quality of yield at minimal costs while 

causing minimal pollution to the environment.  

Plant protecting methods may be preventive or curative procedures. It is practical to 

prefer preventive ones since curative procedures only reduce the number of pests while in 

the case of prevention the harmful effect may be eliminated completely.  

 Plant protection may be: 

 Edictal: in this case the prevention of harmful effects is realized by the creation of 

the appropriate legislation (e.g. quarantine) laws, regulations and they are in full 

compliance. Failing that, the American potato beetle was introduced to Europe 

from America (old-fashioned name: the Colorado beetle).  

 

 

 Agrotechnical: this method is based on the proper selection of varieties, 
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propagation material and crop rotation, the proper way of soil and plant 

cultivation, nutrition, and the optimal time and method of harvesting. Deliberate 

application of these procedures results in the minimum additional (marginal) cost 

implications.  

 

  

 

 Biological: This method includes the increase of the number of natural enemies of 

pests (bacteria, predator insects etc.) in the given area or the application of 

biological pesticides (brew or infusion of certain plants, e. g. elder, nettle, tobacco 

etc.). The most effective way of biological pest control is the breeding of disease-

resistant or tolerant plant varieties; however, it is a long and time consuming 

process.   

 

 Physical: Basically, changing environmental conditions (temperature, light, rate 

of atmospheric components etc.). An example of temperature changing is the 

treating of seeds. In this case the number of pests adhering to the surface of seeds 

may be reduced effectively by heating or irradiation with electromagnetic waves. 

Flaming and steaming of soils are also regularly applied, though these are very 

energy consuming processes.  Different light and food (sugary liquid) traps are 

also ingenious, effective and environmentally friendly controlling methods for 

small holdings and farms, but not really for large scale production.  

 

 Mechanical: Injuries and deformations caused by physical force result in the 

destruction or the reduction in the number of pests and weeds. Manual weed 

control, hoeing, catching insects, scrubbing of tree trunks in spring, digging 

trenches for capturing locusts, then burying them with soil are good examples of 

mechanical pest control. Nowadays these methods are less popular because of 

their high demand of manual work.   

 

 Chemical: In chemicals the effective agent can be fungicide, insecticide or 

herbicide. These chemicals may have preventive or curative effect depending on 

the way of use. Because of the multiple and multi-layer biochemical applications 

of these chemicals the technical requirements and specifications are also diverse. 

Therefore, engineering solutions and machinery selection are so diverse enabling 

the dispension of chemicals. 

 

 Integrated: The aligned and complex application of the above mentioned 

biotechnical, cultivation etc. procedures, methods and techniques, during which 

the level of the use of chemicals is minimized to the lowest possible level, by 

which the economical loss is still tolerable. Considering the rate of the different 

procedures the rate of chemical control is dominating at present. However, 

tendencies are going toward the limitation and decrease of the use of chemicals, 
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sometimes even to the zero point. In this case the method is called ecological 

farming or ecological production.   

 

 

As it can be noticed from the list above, the technical toolbar of plant protection is nearly 

inexhaustible. As it was mentioned chemical controlling methods are dominant 

nowadays. Chemicals are sprayed mostly as liquid solutions or suspensions after creating 

drops of them. Mainly the parameters of drops determine the method of distribution, the 

effectiveness of control and last but not least the costs, so it is very important to study the 

characteristics of drops and drop production methods. On this base it is easier to select 

the proper spraying machine or device. Finally, at the end of this chapter the chemical-

free procedures of soil disinfection are studied. 

  

 5.1. Methods of drop production, the main characteristics of drops 

 

 Chemical pesticides are distributed mainly by spraying them upon the surface.  

These chemicals are usually diluted by water, and are distributed as a solution, emulsion 

or suspension. In an ideal situation the chemical spray covers the surface of the plant as a 

thin, even and smooth film, but the superficial tension ( γ)  takes a reverse effect. 

Therefore, sprays are distributed to the surface after dissociating the liquid into drops. In 

order to study the characteristics of spray cover studying the characteristics of the 

dissociated drops is also essential. On the base of this and taking into consideration the 

costs of the chosen method the right decision for the adequate and effective method of 

drop production may be selected.    

 

 5.1.1. Characteristics of drops 

  

 Diameters of the produced drops are never equal; therefore it is essential to know 

the drop distribution diagram, which is a feature of the drop producing method. (Figure 

5.1.). On the horizontal axis the „d” drop diameter, on the vertical axis the number of the 

drops falling into the given range, the so called frequency can be seen. On the base of 

drop distribution and its situation by the horizontal axis, the methods of spraying 

technologies may be characterized: 

 

 Fog production (≥ 80 % of drops are  0,05-50 m in diameter)  

 Vaporization (≥ 80 % of drops are 50-150 m in diameter) within this range fine 

(d ≥ 80 % of drops are 50-80 m in diameter), medium (d ≥ 80 % of drops are 80-

120 m in diameter) and coarse (d ≥ 80 % of drops are 120-150 m in diameter) 

vaporization is defined. 

 Spraying (≥ 80 % of drops are 150-750 m in diameter) within this range fine 

(d ≥ 80 % of drops are 150-350 m in diameter), medium (d ≥ 80 % of drops are 

350-550 m in diameter) and coarse (d ≥ 80 % of drops are 550-750 m in 

diameter) spraying is defined. 

 

 Instead of the distribution diagram of the „n” number of drops, we use the median 

drop diameter value that can be calculated from droplet diameters, used for the numerical 
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characterization of the set. The median drop diameter may be calculated in different 

ways. The average of the „n” number of drops is called linear median drop diameter (5.1. 

figure), so: 
n

d

=d

n

=i

i

l


1   . On the base of the surfaces of „n” number of drops the surface 

median (root-mean-square) of drop diameters can be defined: )(
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volumes of drops the volumetric median drop diameter can be determined by the 

following equation after reduction: 
3

1

3

n

d

=d

n

=i

i

t


.  

 

 
Figure 5.1. Drop distribution diagram 

 

 In case of a set of  „n” number of drops ( with various diameters) the relation of 

the median drop diameters calculated by the above mentioned three calculating methods 

is:  
tfl

d<d<d=d . The difference between the median drop diameters calculated in 

different ways is less than 1% in the case of distribution „B”, shown in figure 5.1. In less 

favourable cases the difference may be much bigger. In practice usually the linear 

average is used for the characterization of drop producing devices and machines. 

 

  

 If drops are hitting the surface, they wet it in a circle. The diameter of the wetted 

circle (A) is 
l

dβ   where β  the wetting factor. Its value is more than 1 if the liquid is 

wetting the surface, otherwise it is less than 1.  It is better for us if β is of higher value. 

Since the value of  β  depends on the rate of surface tension it is usual that a component 

is added to the spray in order to decrease the surface tension. Under a certain size of drop 
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diameter these additive components are not effective ( β ). The size of the wetted area in 

case of „n” number of drops: 
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Taking into consideration that the number of drops that can be produced from the spray 

liquid volume „V” is:  
πd

V
=n

t
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So the size of the surface wetted by a liquid volume „V” is: 
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Dividing both sides of the relation by ten thousand and taking into consideration the 

approximation that 
tfl

ddd=d   : 

 

Dβ=
V

βd

A

n

=i

i
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1,5
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 If the volume „V” is divided by 10 000, the result means the amount of spray 

liquid for 10 000 square meters, namely for 1 hectare.  This amount is called „D” dose in 

practise.  The value of the fractional on the left side gives the rate of the wetted area per 

surface. A coordinate system (chart) in which the horizontal axis shows the linear average 

drop diameter and the vertical axis - a logarithmic scale of base 10 – shows the wetted 

area per surface quotient x 100, the above mentioned relation with a given D dose can be 

visualized as a hyperbole.  If the value of dose is 0,5; 5; 50; 150; 500 and 2.000 litre per 

hectare, 6 hyperboles can be drawn which divide the plane quarter into 7 parts (figure 5.2. 

with 2=β  ).  
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Figure 5.2. Nomogram of the relation between dose, cover and median drop diameter 

 

 On the base of the values shown in figure 5.2., the technologies and methods 

sorted by the value of dose (D): 

 

 05D litre/ha; in this case UULV (ultra-ultra-low-volume)  

 50,5 D< litre/ha; in this case ULV (ultra-low-volume)  

 505 D< litre/ha; in this case LV (low-volume)  

 15050 D< litre/ha; in this case MV (medium-volume)  

 500150 D< litre/ha; in this case HV (high-volume)  

 2.000500 D< litre/ha; in this case UHV (ultra-high-volume)  

 over 2.000 litre (2 m
3
)/ha; in this case UUHV (ultra-ultra-high-volume) spraying 

is applied. 

 

Figure 5.2. can also be used as a nomogram for the adjustment of a spraying device or 

machine. The mode of action of a given pesticide determines the minimal area that is 

going to be covered by it in case of an effective protection. The size and developmental 

state of the plants determine the plant surface to be protected.  In this way the value on 

the vertical axis of figure 5.2 can be easily determined.  Counting the value of dose is 

also relatively easy based on the available spraying device or machine and the details of 

the technology mentioned above.  After this, the maximal median drop diameter for 

which the expected characteristics exist can be defined using the nomogram. Based on 

this the type of drop producer with the adequate geometrical features can be selected. The 
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minimal velocity and the minimal spraying pressure of the machine can also be 

determined from this relation.  

 

 In the past few years the tendency in plant protection has demanded a lower 

dosage of spraying and proportionately (due to reaching the required density) the 

decrease of drop diameter from medium to fine (except fungicides).  In this way the 

amount of energy for transportation and drop production can be reduced while the 

performance of the spraying machine increases significantly. If the drop diameters are 

reduced, the following facts should be taken into consideration: drops are falling towards 

the soil surface because of their weight and the force of gravity. During this fall they can 

accelerate up to the speed limit of vh  , limited by the drag. At this point the gravity 

force of the drops is the same value but opposite in direction to the air resistance, namely: 
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 In which:  
.lev

ρ the density of air  3
mkg   

  
.per

ρ the density of sprayed liquid  3
mkg   

  
alak

c shape factor, in this case: 0,5  

  g − the value of gravitational acceleration: 2
10


 sm   

  

 Taking into consideration the above mentioned relation the time that is necessary 

for the ride between the point of drop production and the surface to be protected can be 

defined.  Since complete doldrums are very rare the drop usually floats by the effect of 

horizontal winds. This is not always beneficial – it can be even harmful, for example in 

case of chemical weed control between the rows of plantations. Therefore, it is not 

practical to put the spraying frame of field machines above the level of the relevant plant 

height plus 1 meter.   

 

 The rate of floating may be increased also by the evaporation of the sprayed 

liquid.  By drop production the surface confining a given unit of liquid is extremely 

increased.  Therefore, in accordance with the increased surface the amount of evaporated 

liquid per time unit may also be increased.  This process reduces the drop diameter 

continually, so the ride towards the surface is also increased.  Luckily the rate of 

evaporation of water from the spray can be reduced if spraying is performed in the early 

morning or late evening hours when the humidity of the air is relatively high.  In the case 

of ULV and UULV technologies the carrier in the solutions or suspensions is not water 

but a less volatile agent, e.g. Glycerine.   
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Figure 5.3. Device for spray characterization  

 

 In field spraying the cross directional pattern of spraying intensity of the spraying 

machine is needed for the selection of the proper drop producer. It can be determined for 

example with the spray characterizer in figure 5.3.  In this device the drops emerging 

from the spraying nozzles are going into the tubs. The tubs are sloping towards the 

measuring cylinder in which the liquid is collected. Representing these values in a chart 

the cross directional pattern of spraying intensity diagrams shown in figure 5.4. can be 

obtained. In the ideal case (figure 5.4. diagram „C” ) the amount of sprayed liquid is the 

same in any zone (of the same width) parallel with the direction of heading, so the 

coverage is completely steady and uniform. The field drop producer realizing this 

diagram is called ideal.   

 

 
Figure 5.4. Cross directional distribution of spraying intensity 

 

 5.1.2. Methods for drop production 
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 Drop production is an energy demanding process since the surface confining the 

given amount of liquid is increased by ΔA  . The theoretical value of this energy is : 

ΔAγ=E  , but in practise  this value is usually several times higher.  Therefore, from the 

energetic point of view these drop producing methods are not effective. At present drop 

production is performed by the use of direct mechanical or electric power or heat.   

 

 5.1.2.1. Drop production by the use of mechanical power 

 

 Mechanical power is available from an inner (reduction in the pressure of liquid) 

or an outer source of energy. During the reduction of the pressure the surface of the cross 

sectional rectangle of the flow emerging from the drop producer does not change 

(according to the continuity principle), but the sides of this rectangle do. As one side of 

this rectangle increases, the other decreases proportionally. This decrease continues till 

the surface tension of the liquid contracts the parts of liquid into drops. The changes in 

the geometry of cross section of drop producers are performed by the collision or 

spinning of the liquid.   

 

 In case of spinning the liquid part of weight „m”  moves along a straight line by 

speed „ v ” , then is forced to turn around at a point of this line in distance „r” (because of 

a spinning chamber of lining). In this case on the base of  
be

ωrm=Π   it gains a 

)Π( spin of which value is    
be

ωrm  , considering that      rv=ω
be

/  . If the liquid part of 

weight „m” emerges from this closed space (e. g. chamber) by an axis being normal to 

the plane containing r  radial, and v  velocity vectors, the value of velocity   
ki

v  falling 

in line with the axis of the flow can be defined by the continuity principle.  To this  
ki

v  

velocity vector another vectorial one is added       
kikiper

ωr=v 
.

 . It follows from the 

persistence of angular momentum that when the value of   
ki

r  reduces, the value of  
ki

ω  

increases proportionally. This can never be higher than a maximum value. Therefore, the 

circular cross section of the emerging flow of liquid will be a ring (with an air core). 

Because of the velocities of the resultant vector the liquid part with weight „m” moves 

along a spiral path on a conical surface. The movement of the „m” particles number „n” 

of the flow results in a conical, hollow spray pattern. The bevel-angle of this hollow cone 

depends on the angular size. The cross-sectional view of the flow (perpendicular to the 

axis of the spray pattern) is a ring, of which (internal, external) radius moving away from 

departing the closed space increases. While the difference between the two radiuses – the 

thickness of the ring – decreases, the liquid film thins till the surface tension of the liquid 

contracts the parts of liquid into drops. 

In case of drop producers used in plant protection the methods with a rotation lining are 

the most popular in which the lining can be a shell (corpus), flan (chip), or strip. 
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Figure 5.5.  Drop producer with rotation lining 

 

 The liquid flows in a spiral path in the groove of the „1” cylindrical surface of the 

rotation shell (corpus) (figure 5.5.), then after crossing a calibrated hole of a flan (chip) 

„2”  emerges into the outer space. The distance between the rotation shell (corpus) and 

the flan (chip) with the calibrated hole can be adjusted manually. The rotation shell 

(corpus) gives a spin to the flow of liquid. This spin decreases proportionally to the path 

to be taken as it moves turbulently toward the flan (chip). Thus, it is possible to increase 

or decrease indirectly the bevel-angle of the conical spray pattern (as it can be seen in the 

case of manual spray-guns used for spraying trees) with a handle.  

   In case of flan (chip) (figure 5.6.) there are 1, 2, or 4 holes rotated in 90 ° from the axis 

of the flan (chip). In case of strip lining (rectangular, twisted along its longitudinal axis) 

the flow of liquid flowing along this axis gets more and more spin, depending on the 

distance (distance „r”) from this axis. The spray pattern is full and conical (not hollow).  

 

In case of flan (chip) in figure 5. 4.  „A”, while in the case of strip „B” is the cross 

directional distribution of spraying intensity. Therefore, taking into consideration the 

ideal diagram „C”, it is not a surprise that the strip lining is not used at all, while the 

rotation flan (chip) lining is used only sparingly for the purposes of plant protection.   

  

 
Figure 5.6. Rotation flans (chips) 

 

 

 The collision of the liquid flow (spray) may be: 

 

 collision with a solid surface 

 another liquid flow 

 air (air vaporization) 

 

 Drop producers operating by collision with solid surfaces (figure 5.7.) are widely 

used in irrigation. Spray pattern of these devices is a complete circle or fan-tail (sector of 

a circle). The liquid flow emerging from the drop producer creates a liquid film which is 
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thinning in the rate of the distance from the point of emergence (on the base of the 

continuity principle). The liquid film is thinning till the  surface tension of the liquid 

contracts the parts of liquid into drops. 

    Drop producers with the same configuration were tested also for phytosanitary 

purposes (figure 5.8.). However, these are not widespread in field use, because the spray 

patterns easily coincide if multiple overlapping is set on a field spraying frame.   

 

 

Figure 5.7. Drop producers operating by collision with solid surface 

 
Figure 5.8. ábra Phytosanitary drop producer operating by collision with solid surface 

 

 More important are the drop producers which operate by the collision with 

another liquid flow, the so called „slit” drop producers. The principle of this method is 

that two liquid flows being in the same pain but not inevitably parallel are colliding in 

accordance with Figure 5.9.  In this case a fan shaped (circular or segment of a circle) 

spray pattern is created in a plain containing the bisector of the two flows and being 

normal to the plain of the flows.  Just as in the previous case the liquid flows emerging 

from the drop producers create a liquid film which is thinning in the rate of the distance 

from the point of emergence (on the base of the continuity principle). The liquid film is 

thinning till the  surface tension of the liquid contracts the parts of liquid into drops.  

The structure of the collider consists of a hemispherical calibre with an oval „slit” on its 

bottom through which the liquid emerges. The flow – being circular in cross section – is 

breaking in 90 ° in its direction when reaching the oval slit. One half of the flow (half 

circle in cross section) is forced to move in the opposite direction compared to the other 

half of the flow.  Taking into consideration the „a” length of the slit the spray pattern will 

be fan-shaped, namely a section of a circle with central angle φ  (Figure 5.9.). Arranging 

this spray pattern normally to the channels of Figure 5.3. we get the cross dimensional 
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diagram of spraying intensity figured in Figure 5.4. „C”, if the bisectors are vertical. This 

ideal spraying diagram explains the nearly exclusive use of this drop producing method 

on field frames.    

 

 
Figure 5.9. Collision of liquid flow with another flow 

 

 
Figure 5.10. Structure of a „slit” drop producer 

  

 Methods of vaporization by the „collision” of a liquid with air flow  

 

Possibilities of collision with an air flow – namely vaporization - is illustrated in Figure 

5.11.     

 

. According to the figure in case I. if the value of    
lf

vv   is increased (the difference 

between the velocity of air and the velocity of drops) an intensive secondary drop 

refinement is performed. The measure of this difference  between the air and liquid 

(drop) flow is changing depending on the position of these velocity vectors.  Case I. 

indicates the similar, while case II. the oppositional collision. Injector drop producers 

perform primary drop production in this way (figure 5.12.). Drops will contain air 
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bubbles that disrupt drops into smaller droplets after emerging from the drop producer. 

Another method increases the size of the interface between the air and liquid flow by 

changing partly the direction of the liquid flow (Figure 5. 11. case III.). In this case the 

complete air vaporization of the flow is performed in a shorter way. However, the 

secondary pneumatic refinement of drops has higher practical importance than this 

primary air vaporization method. In this case the pipeline of the sprayers put under the 

wings of the phytosanitary airplane can be turned around their axis.  In one terminal 

position a similar flow (case I. of figure 5.11.), while in the other terminal position (135° 

turned) the opposite flow of case II. can be performed. In this position the diameter of the 

drops can be reduced to their halves if compared to that of case I. Naturally, if the drops 

are smaller, the value of drifting is increasing, so case II. should only be used for the 

spraying of fungicides. 

   

 
Figure 5.11. Methods for air vaporization 

 

 
Figure 5.12 Injector drop producer 

 

 Among the mechanical drop producers the methods of rotating plate, or cone, and 

the liquid disruption should be mentioned.  
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Figure 5.13. Drop producing method with rotating plate (cone)  

 

 The liquid flow reaches the rotating cone (figure 5.13.), or plate through a 

changeable calibrated jet in a gravitation way. .  The liquid flows in a very thin film along 

the serrulated edge of a D diameter of a rotating cone or plate propelled by a usually 

electric engine, thre rev of which is „n” , 5-15 000 per minute) . At the edge the radial 

force disrupts the liquid film and produces particles in a circular way. The medial 

diameter of the drops can be determined:  

 

.

.36
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per

ρD

δ

n
d


   [mm]  

 

in which: δ per. − the surface tension of the liquid  mPa   

  ρper. − the density of the liquid    3
 mkg  

  n − the rev per minute of the plate or cone with diameter „D”    

 In order to reduce the drop size there was a trial in which the edge of the rotating 

cone was furrowed but the spray pattern became the one showed in figure 5.2. „C”. It is 

far from the ideal diagram of figure 5.1. „B”, so the furrowing of the conical surface is 

omitted.  
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Figure 5.14. Drop production with the disruption of liquid flow 

 

  The disruption of a liquid flow can be performed for example with the device in 

figure 5.14. The liquid flows in the horizontal vessel but the only way for its emergence 

is through the calibrated holes on the vessel, under the part indicated with no.3. The 

flowing streams get through the holes of the part turning right-left (indicated with no. 3.), 

or do not get through them. This way the flow is disrupted into parts. These parts are 

formed into drops because of the surface tension of the liquid. The diameter of the drops 

may be adjusted by changing the intensity of the flow or by the modification of the 

frequency of moving part (3). The changing of the angle velocity of the right-left 

movement may generate vibration, so usually a rotating cylinder with 24 windows or slits 

is used instead of the part indicated with (3). In this case the rev of the cylinder may be 

even 15 000 per minute and the produced drops are very fine. The distribution diagram of 

drops can be similar to diagram „B” of figure 5.1. Therefore, this method is widely used 

in aerial spraying (performed with airplane or helicopter) figure 5.15.     

 

 
Figure 5.15. Spraying frame, on the bottom a drop producer with a rotation lining, on the 

upper part a drop producer with disrupting liquid flow by a rotating cylinder is connected 

to the pipeline. 
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 5.1.2.2. Drop production with heat energy 

 Evaporation of liquid chemical with heat is performed by the thermic fog 

producer (figure 5.16.) In this case gasoline is introduced into the air flow of a Root-

injector. Later in the combustion chamber this air-gasoline mixture is ignited by the spark 

of the ignition magnet, afterwards the heat of the walls of the combustion chamber. After 

combustion the  stack gases flow into a tuned resonator pipe in which it induces a 

resonation of approximately 90 Hz. The liquid chemical is injected into the fast flowing 

gas mixture at the end of the resonator pipe. The liquid evaporates and its steam is mixing 

with the flowing gases.  When the temperature of this mixture is reducing to 100 °C the 

steam is condensating upon the tiny particles of the stock gases. The medial drop 

diameter will be under 50 m, so fog is produced. Because of the high penetration of fogs 

this method is fast and effective against insect infections in dense foliage, closed 

greenhouses, dense woods. However, it should be always taken into consideration that 

the used chemical agents should be heat resistant, stable also at high temperature.  

 

Figure 5.16. Thermic fog producer 

Spraying chemicals may be dissolved not only in water but in other volatile 

solvents as well (CCL4, acetone (CH3)2CO, chloroform CHCl3 etc.) . Costs of these 

solvents is not so high if  ULV or UULV technologies are used.  After the intensive 

evaporation of the solvent the size of the remaining drops is usually fits into the fog 

category. For the evaporation of the solvent an amount of energy is needed which amount 

depends on the heat of evaporation of the concerning solvent. Drops get this energy from 

the energy of the surrounding air as the temperature of which will be decreased. Because 

of this air cooling effect  this method is also called cold fog production.   

 

 5.1.2.3. Drop production by electric energy 

 



 160 

  Electric energy is used usually not primarily and directly for drop production but 

for creating surplus electric charge (electron or proton) in a drop produced in any other 

ways. Using this method drops are forced to reach the earth potential in the shortest way 

(in the air) after emerging from the drop producer. On the surface of the earth - that has 

almost endless electric capacity – the drop meets the missing electrons or protons and 

becomes neutralized. In this way drops do not drift far from the producer device, so the 

saving of chemical is significant if compared to other methods. Saving of liquid chemical 

can reach 15% while the coverage (size of the wet area) remains the same. This method is 

called electrostatic dispersion.     

 

Charging crown (Figure 5.17.) In this case a metal ring (crown) encloses the 

spray pattern of a mechanical drop producer but it does not get in touch with the 

emerging liquid flow. The ring has a potential of 10-15 kV with positive or negative 

polarity (its polarity is negative in the figure) that induces division of charge in the liquid 

particles being within the ring-enclosed space. In the initial phase of spraying pattern 

electrons can exit through the closed circuit created by the grounding of the tank 

(according to figure 5.17.) since the liquid flow is continuous. In the next phase the flow 

is disrupted into drops and the drops can only gain the missing electron or proton  from a 

surface of a plant or soil being on the potential of earth.  

 

 
 Figure 5.17. Charging crown   

 

Contact charge In this case the negative pole of a direct strong current source is 

connected to the drop producer by a semiconductor, according to figure 5.18. The „I” 

direct current induced by the strong current put  „Q” amount of electrons or protons 

(electrons according to figure) within a given time unit into the liquid flow emerging 

from the drop producer. After that the flow is thinning and disrupting into drops. If an 

average n  drops are produced within the given time unit the average plus charge 

(electron) within a drop is : nQ=q /  coulomb. The medial diameter of drops are 

determined not only by the surface tension of the liquid but also by the plus charge of 

electrons (or protons) because of their repulsive effect, according to the Coffé-effect  : 
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 in which  
o

ε  is the dielectric constant of vacuum. 

 

 
Figure 5.18. Establishment of contact charge 

 

 Investigation of the methods for electrostatic dispersion mentioned above results 

that these methods are not suitable for aerial spraying since the establishment of proper 

grounding needed by the closed current circuit is not possible.   

  

  5.2. Soil sterilization 

 

 A soil free of harmful organisms and plant residues is one of the crucial 

conditions of  growing vegetables and ornamental plants. Monocultural and repetitive 

growing in greenhouses gives a good chance for the proliferation of pests, and reduces 

yield consequently. Therefore, it is necessary to sterilize the soil regularly. This process 

can be done by the use of chemical agents or by heating the soil. Chemical treatments are 

usually specific, being effective only in a certain phase of larval life of an insect or for a 

specific group of pests (e.g. Nematodes). Heat treatment, that means steaming in 

phytosanitary, is a more effective way of soil sterilization. Therefore, it is useful to 

review this method. Increasing the temperature of soil up to 85-90 °C and keeping this 

temperature for at least half an hour results in a relatively sterile soil (concerning 

horticultural use). Higher temperature may destroy also the useful bacteria (nitrifying 

bacteria) and other microorganisms that are necessary in effective plant production. 

Heating the soil over 110 °C destroys all the living organisms and the soil becomes 

sterile. This can be dangerous since a few harmful pathogenic organisms getting 

accidentally into this sterile soil may proliferate enormously within a short time and 

destroy the cultivated stock. Heating can be performed on the spot or in a heap of 

growing medium. The usual method for heating soil is steaming (except drum sterilizer), 

so this method is also called steaming. 

 

 The simplest way of steaming in a heap is steaming on a truck trailer. In this 

case two tip-cart trailers are necessary for the continuous steaming On the bottom of 

these trailers  a perforated pipeline is placed in order to distribute the steam evenly.  

Homogenized soil is placed upon the trailer by an excavator. After facing the even layer 
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of soil it is covered by a layer of insulating material.  Continuous introduction of steam 

into the pipelines performs the sterilization of 2-3 m
3
 soil within 1.5 hours. Another 

method is steaming with the use of a steaming grid. In this case a grid is placed upon a 

solid surface (usually concrete) and the soil is covered over this grid sometimes in a layer 

as thick as 1 m. After this the process is similar to that of steaming on a trailer. 

Depending on the geometry of pipeline and the thickness of the soil layer a larger amount 

of soil can be steamed in one process, although the transportation and labour costs are 

higher than that of steaming on the spot or on a trailer.   

 

          
  Figure 5.19. Steaming fork  Figure 5.20. Placement of steaming 

fork  

 

 Steaming on the spot is performed by the use of a steaming fork (figure 5.19.). 

The steam distributor grid or fork is pushed or trampled into the desired depth (figure 

5.20.) and then steam is introduced into the soil through the fork. Steam emerges from the 

lower tips of prickers and flows upwards in the soil. During this it condensates and the 

soil temperature increases. If the temperature reaches 85 °C the steam flow is terminated 

and the grid is taken off the soil. After that the steamed soil is covered by an insulating 

layer (plastic film + polyurethane foam tables), so the temperature is preserved for the 

necessary 30 minutes. Placing the grid to the next part of soil the process is repeated. This 

method is no longer used in Hungary because of its high demand of human labour and 

high risk of burning accidents. Steaming plow (figure5.21.) is connected to a windlass 

standing at the end of the plot by a wire rope. The steam is conducted into the distributor 

drum of the plow by a flexible pipeline and emerges from the holes of the pipelines 

driven into the proper steaming depth. Similarly to the method of steaming with a grid the 

steam is flowing upwards and heats the soil by condensation. It is problematic to 

harmonize the proper parameters of steam flow and the velocity of pulling (adjustable on 

the windlass), so the soil may be easily overheated or the temperature does not reach the  

value needed for sterilization.  Maybe this is the reason why is it unpopular in Hungary 

though it was widely used outdoors in Western Europe.    
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Figure 5.21.  Steaming plow 

 

 In Hungary steaming in the spot is demanded by producers growing cultures in 

greenhouses. There are two methods for steaming in greenhouses. One of these is 

establishing a network made of terracotta pipelines in the depth of 50-60 cm (BEDU 

system). This system can be used for irrigation, soil heating and also for soil steaming. 

Empirical result were good, however, the costs of establishment and maintenance 

(because of muddiness) were so high that they limited the popularity of the method. 

Nowadays this system is not used in Hungary. 

  

In the case of the other  method the soil to be steamed is covered by a heat 

resistant (up to 130 °C) plastic film. The edges of it are fixed with sand bags (figure 

5.22.) and steam is conducted continuously under the plastic film. Sometimes the soil 

itself is used for the fixation of the edges, however, it should be considered that this 

amount of soil will not always be heated for the proper temperature.  If not, it is possible 

that this soil will reinfect the sterilized, steamed soil.   

 

The steam flow should be conducted into a space created by the elevation of 

plastic film with wooden support such as in figure 5.23. If the pressure of this space is 

higher than that of athmospherical pressure outside, the plastic film will be elevated from 

the ground. In this case the steam can penetrate into the soil through its fine particles and 

condensates wile flowing downwards. Temperature of steam condensation depends on 

the absolute pressure of the steam. In Hungary this value is approximately 100 °C in 

athmospherical pressure.   
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Figure 5.22. Plastic coverage for steaming on the spot 

 

 
Figure 5.23. Conduction of steam under the plastic cover 

 

Taking into consideration the optimal terminal temperature of soil heating this 

value should be decreased partly for the reduction of energy consumption, partly for 

safety reasons. Therefore, usually a special method is used in which the stem flow sucks 

air from outside and the titer of mixing can be adjusted to 90 °C as a condensation 

temperature. The limit of this method is that condensed water gathers at the depth of 30-

35 cm, so the soil under this depth will not be steamed and sterilized properly. For the 

performance of this process a stable or mobile boiler is needed with a proper capacity. In 

order to choose the proper boiler and calculate the costs of energy consumption the 

amount of steam needed for the sterilization of a given amount of soil should be 

determined.  
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In which: ρt − a tt –the density of the soil at the initial temperature 

  3
 mkg  

  ct − specific water equivalent of the soil  

  1
 KkgWh

1  

  tv − terminal steaming temperature of the soil   [°C ]   
iv − specific inner energy (entalpy) of condensed H2O (condensed for tv 

terminal steaming temperature)     

  1
kgWh


  

  ig − specific inner energy of steam conducted into the soil 

  1
kgWh


  

ηg − efficiency of steaming (its value is 0,5  in case of steaming on the 

spot, in case of steaming in a heap it can be 0,7 ) 

 

The value of  
t

c  is determined mainly by the water content of soil, since the specific 

water equivalent of water is the highest in this 3 phase disperse system. Therefore, it is 

recommended to steam the soil when its water content is lower than 20 % in weight.  

 

 Finally a few words about drum steamers. These devices are effective if the water 

content of the soil is over 20 % in weight. The high water content is necessary because 

the temperature of the soil heated by the flame of a gas or oil burner in a cylinder with 

slanting axis will not be higher than 100 °C till the water is present in liquid form. The 

rev of the drum should not be changed, but the slanting of the axis can be modified and 

consequently the time of soil being in the drum can also be adjusted. During the 

determination of the time of this treatment it should be taken into consideration that the 

water content of the outgoing soil must not strongly decrease by evaporation.  

Independently of this the partial energy consumption of this method is higher than any of 

the other soil steaming (heating) methods.  

 

 

 

 

 

Control questions: 

 

1./ What kind of relationship exists between average droplet diameter, coverage and 

dose?  

2./ Describe the drop production methods used in spraying!  

3./ Describe the technical solutions of soil steaming!  
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6. Cutting tools and machines in horticultural practice 
 

The cutting tools and machines which will be discussed in this chapter are ( Figure 6.1) 

the 

 

• Seizers 

• Pruner shears 

• Rotating knives  

• Cutter bars  

• Disc saws 

• Chain saws 
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Figure 6.1 Pruning and cutting tools and machines The most commonly used in 

horticulture 

 

 

6.1 Classification of cutting tools 

Parts or whole plants can be cut  - without counter blade     

     - with counter blade 

According the direction of cut we can distinguish between  

    - pure and   

- sliding cut  

 

The process of cut is composed of two parts: 

0-1. compression,  

1-2. the blade moves through the material (Figure 6.2) 

 

  
Figure 6.2 Change of cutting force during the cut of the stem 

(Szendrő P. 2000) 
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Let‟s study the forces acting during cut (Figure 6.3). The cutting force balances the 

normal resistance force (N) and the friction force (T):  Fc= N
.
cos λ+T

. 
sinλ 

 

Because T= μ
.
N,   after replacing: Fc= N(cos λ+ μ

. 
sin λ) 

 

 
 

Figure 6.3 Force and speed components on the blade of knife at sliding cut 

(Szendrő P. 2000) 

 

Figure 6.3 shows the speed components of the cut as well. At cutting speed vk the speed 

component perpendicular to the blade is vN  and the component parallel to the edge is vγ .  

 

6.1.1 Cut without counter blade   

The precondition for the successful cut without counter blade is that the awaking reaction 

force surpasses the force needed to cot through the object. In the case of grass/grain 

cutting the reaction force is composed of 

- The inertia force of the stem  

- The bending reaction force of the stem  

- The pulling stress of the stem 

- The backup of other stems 

 

 

 

 

The differential equation of the equilibrium: 

 

F(δ)=Δm
.
(d

2
x/dt

2
)+Fbend(x)+Ftens(x)+ Fback(x) 

 

 

where:  F the force needed to cot through the object (N) 
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  δ the displacement of knife in the stem (m) 

  Δm reduced mass of the stem to the knife (kg)  

  x displacement of the stem (m) 

  t time since the beginning of the process (s) 

  Fbend  bending resistance of the stem (N) 

  Ftens resistance due to the tensile stress of stem (N) 

  Fback backup force of the neighbouring stems (N) 

 

The reaction force due to the bending of stems can be calculated as follows: 

 

Fbend = 3
.
I
.
E

.
x/h

3
 

 

  

where:  I  the stem‟s momentum of inertia (m
4
),  

E modulus of elasticity (Pa),  

 h height of cut from ground  (m) 

 

 

Reaction force due to stem pulling can be explained according the right side drawing in 

Figure 6.4.  The blade runs at the height h above soil after starting the cut of the stem. For 

this the length of the stem must be increased by Δh which arises the tensile force F. The 

tensile stress is: 

σ= F/A,  from which the tensile force: 

 

F =A
.
E

.
Δh/h  

 

where: A   is the cross section of the stem  

 

 

 The reaction force, according the Fig. 6.4 is the horizontal component of F: 

 

  Fn= F
.
sinα 

 

   
Figure 6.4.. Elements of the differential equation of the cut  without counter 

blade 

(Szendrő P. 2000) 
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Figure 6.5 Scythes and hooks are tools cutting without counter blade 

 

The most important of the reaction forces during free cut is the inertia force which is in 

correlation with the speed of the knife. For a good quality cutting a speed of 20-30 m/s is 

needed. 

Most of the rotary mowers, as well as scythes and hooks are cutting without counter 

blade.  

 

6.1.2 Cut with counter blade  

Tools cutting with counter blade have a second knife or bar which serves as backup.  

That's why the speed of cutting has not to be high. In the case of advancing mower 

machines the only requirement is that no uncut area must left behind. 

 

Typical cutting tools and machines with counter blade are 

• scissors,  

• shears 

• pruners and 

• cutter bars 

 

 

 

Pure and sliding cut 

We may distinguish between pure and sliding cut. At pure cutting the knife moves only 

perpendicular to its edge. At sliding cut the knife moves both perpendicular and parallel 

to its edge.  

According experience sliding cut needs less force and results in undistorted cut surface. 

Doesn‟t it contradict to the low of energy conservation? No, because, proved by 

experiences 
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- at pure cut the force needed is higher, but the path length of knife is shorter, 

- at sliding cut the force needed is less, the path length of knife is longer (Figure. 6.6) 

  As a result of those the energy consumed during the cut is much the same: 

  

 
Figure 6.6 The energy consumed during pure and sliding cut 

 

 

Why is the force at sliding cut less? Because the edge of the knife at sliding cut is 

sharper.  

The reason of sharper edge at sliding cut may be explained on the Figure 6.7. The 

direction of sliding cutting is shown in red. The angle of the cutting edge at pure cut is α, 

at sliding cut α‟.   It is clear that α‟< α, which means the edge is sharper in the second 

case. 

 

 
Figure 6.7 The angle of the cutting edge at pure cut and sliding cut  

 

In most of the cases we apply sliding cut. But there are exceptions. In those cases when 

the friction or adhesion brakes the motion of the edge in the material, the pure cut is the 

better solution (the edge should pass through the material the shortest way). Examples 

from the every day‟s practice: butter and cheese. 
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Classification of scissors/shears according the shape of blades and the position of pivot 

relative to the edges can be carried out as follows (Figure 6.8): 

• Strait edged - symmetric, edges without eccentricity (1) 

   - symmetric, eccentric edges (2) 

   - asymmetric, eccentric edges (3) 

 

• Curved edged - asymmetric, eccentric, log. spiral edges (4) 

   - asymmetric, eccentric, Archimedes spiral edges 

   - asymmetric, eccentric, evolve edges 

   - asymmetric, eccentric, arc edges 

 

 

 
 

Figure 6.8 Classification of scissors/shears according the shape of blades and the position 

of pivot relative to the edges 

 

Classification of scissors/shears according their mode of operation: 

• Hand operated  

– pruners : till ø 20 mm 

– loppers: till ø 30 mm 

• Pneumatic pruners 

• Hydraulic pruners 

• Electric pruners 

 

6.2 Types of cutting tools 

6.2.1 Pruning shears  

Hand operated pruners can be distinguished according the type of cutting (Figure 6.9): 

• Bypass: recommended for “life” woody materials 

• Anvil:  recommended for dry, “dead woody materials 
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Figure 6.9 Bypass and anvil pruning shear 

 

The force balance during cut can be studied on Figure 6.10. In permanent work the 

human‟s hand is able to effort 200 N. The specific cut resistance of the brunches is 400 N 

for each cm of diameter (O‟Brien at al.1983).  

 

With these data and with the geometry of the pruner the balance of moments during the 

cut is 

 

F
.
12=N

.
3  (Ncm) 

       

Where  F=200 N,  the hand force  

 N  is the force on the blade, N 

 

Expressing the force on the blade:  N =F
.
12/3=

.
200

.
12/3=800 N 

According this, the hand force is able to cut branches of  d=800/400(N/N/cm)= 2 cm in 

diameter.  
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Figure 6.10 Force balance on the pruner 

 

 

 

 

       

Priority at the design of pruner shears is the reduction of force needed to the cut. The 

force on the blade can be influenced by 

a) Reducing the distance between pivot and branch 

b) Increasing the sliding of the blade in the cut object 

 

a.) Leaving the hand force unchanged, with the decrease of distance b between pivot and 

branch, the force on the blade increases (F.a=N.b). This can be achieved best by using 

asymmetric, eccentric blades (Figure 6.11). 

 

 
Figure 6.11 The distance b between branch and pivot 

 

 

b.) Increasing the sliding of the blade in the cut object 

To understand the effect of sliding let‟s study the displacement of the edges in the cut 

object (Figure 6.12). The intersection A on the top blade moves in direction S. Dissolving 

the displacement vector into a component perpendicular and parallel to the edge, the 

sliding part becomes clear (Stg).  The greater the angle α , the greater the sliding effect 

compared to the pure cut portion.  

 

 
 

6.12 The effect of the angle α on the sliding cut 

 

From the other hand α can be increased only until the brunch doesn‟t slides out of the 

blades. 
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The sliding out is braked by the friction between edge and branch. The part A in Figure 

6.13 shows the normal and friction forces on the edges of blades. The resultant force on 

both edges is R, the resultant force of the two R is E. Part B shows the case when the 

resultant force E pulls the branch out of the blades.  

Decreasing α, the force E decreases as well. On part C the forces R neutralize each other, 

their result is zero. This leads to E=0. The angle α belonging to this situation is the 

maximal one, at witch the branch doesn‟t slides out of the blades. This angle is at the 

same time the optimal one regarding sliding cut. At straight edged shears with pivot the 

sliding effect decreases further with the closure of edges. 

 

 

 

 
Figure 6.13 The change of normal and frictional forces whit the change of α 

 

.  

At curved edge pruners – due to the appropriate design of the curves – the angle between 

the blades remains optimal during the whole cut (Figure 6.14).  

 

 
 

Figure 6.14 The unchanged angle α at curved edge pruners 

 

 

 

Pneumatic pruning shears  

Handcraft is replaced here by the energy of high pressure air. 
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The main parts of a pneumatic pruner system are (Figure 6.15): 

 
Figure 6.15 Main parts of the pneumatic pruning system 

 

1. air filter 

2. compressor 

3. air cooler 

4. high pressure air tank  

5. safety-valve 

6. water separator 

7. pressure reducer and 

 manometer 

8. oiler 

9. distributor pipe 

10. flexible hose 

11. pruning shear 

 

Construction of pneumatic pruning shears  

The grip of the pruner builds a cylinder with a piston in it. The piston is connected to the 

moving blade of the shear from one side and is driven by the high pressure air from the 

other side. A hand operated valve lets the high pressure air in the cylinder when pressed. 

Upon  

release the air gets out of it in the surrounding, and the piston with the blade gets back in 

their original position due to the spring force(see in the Figure 6.16). 

 
Figure 6.16 The pneumatic pruning shear 
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The force on the blades is determined by the air pressure, the diameter of the piston and 

by the mechanical transmission between piston and blade. The usual pressure range for 

pneumatic driven tools is 0,8-1,2 MPa. The diameter of the piston is limited by the 

human hand. All these result in about 25 mm cut diameter of the shear.  

 

Using two pistons the piston force can be doubled (Figure 6.17). Note that the cylinder 

here is separated into two parts, each of them is supplied separately with high pressure 

air. This way the cutting force can be nearly doubled.  

Figure 6.18 shows both the total pneumatic pruning system and its pruning shear.  

 

 
Figure 6.17 Pneumatic pruning shear with two pistons 

 

 
 

Figure 6.18 Pneumatic pruning system and a pruning shear 

 

 

The advantages of the pneumatic pruner systems are   

• fast cut 

• light shears 

• one, lightweight hose only 

The disadvantages: 

• frost sensitivity, even above 0 centigrade 

• low cut force 
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Hydraulic pruning shears  

Their function is similar to the pneumatic shears, only the power comes here from the 

energy of high pressure fluid (Figure 6.19). The higher pressure range (1,2- 7 MPa) leads 

to larges branch cut diameters. This system needs two hoses which are arranged 

according the  "hose within- a-hose" concept.  

Advantages of the hydraulic system:  

– no frost risk 

– large cut force 

Disadvantages:  

– slower cut 

– heavier shears and hoses (two pipes, each of them filled with fluid) 

 

 
 

Figure 6.19 Hydraulic pruning shears and its energy supplying unit 

 

 

Both hydraulic and pneumatic systems can be used for driving other tools, like chainsaw 

or limb shaker. Figure 6.20 shows choice of tools for the pneumatic system. 
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 Figure 6.20 Choice of tools for a pneumatic pruning system 

 

Electronic pruners 

Electronic pruners are powered by an electric battery pack that is worn around the waist. 

Battery and pruner are connected by a 1 m long cord (Figure 6.21). 

An all-day battery works for 8-10 hours and weighs 2-4 kg. Electronic pruners respond to 

increased squeeze pressure on the trigger. Uniform powerful cuts leave smooth clean 

edges that heal rapidly, even on large diameter stock up to 3.0-4.5 cm (Video 6.22). 

 

 
 

Figure 6.21 Electronic pruner and its battery pack 
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Video 6.22. Electronic pruner in work 

 

Advantages of the electronic pruners: they enable individual work. Disadvantages are the 

high price (about USD 1500) and its heavy weight. 

Several well known manufacturers offer both corded and cordless electronic pruners. In 

the last case the battery is incorporated into the grip and is less long-lasting (Figure 6.23). 

  

 
Figure 6.23 Cordless electronic pruner 

 

 

The Table 6.1 summarises some important data of pruners 
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Table 6.1 Comparison of some data of different pruners 

 

Pruner powered by Cut diameter 

(mm) 

Mass of the pruner (g) 

Hand 20 200-300 

Electronic 30-45 900 

Pneumatic 30 700-750 

Hydraulic 50  900 

 

 

6.2.2 Mowers 

Tractor mounted reciprocating movers with double knife cutter bar are used for polling 

fruit and grape plantations. (Read in details in chapter 10). 

 

6.2.3 Circular saw pruner 

The circular saws are forming one cutting edge, the position of which can be modified by 

the primer and secondary frames (Figure 6.24). They are mainly used in orchards for 

topping and for forming vertical canopy. 

 

 
 

 

Figure 6.24 Circular saw pruner 

 

6.3 Machines for collecting and handling pruning and woody residues 
The possible technologies for collecting and handling residues: 

 Local mulching or chipping than turning it into the soil  

 Harvesting (picking up), chipping and transporting the chips to the  

stocking plant and burning the chips  

 Harvesting by round baler, stocking the bales, chipping and burn 

them directly or after pelleting them  

 Collecting and transporting the residues to a storage area where it 
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gets decomposed 

 

 

 

 

In Hungary we can count wit approximately 250 000 tonnes of vineyard pruning and 300 

000 tonnes of  woody residues from orchards. Their heat value is about 2.5 kWh/kg  

(compared with 11.6 kWh/kg of fuel oil). 

The energy used in all the processing chain is approximately 12% of total energy 

obtained by burning the chips or pellet. The remaining 88% represents the renewable 

energy quote, so the process is economic.  

 

6.3.1 Local mulching, than turning into the soil 

The residues are first swept in the middle of the orchard/vineyard row, than the mulching 

follows (Figure 6.25).  

 

 
Figure 6.25 Sweeper and mulcher as well as the chips left behind 

 

Mulchers are built either with vertical or horizontal axle 

Vertical axle mulchers are supplied with flail knives with (II.) or without (I.) counter- 

blades (Figure 6.26). 

 

 
   

Figure 6.26 Vertical axle mulcher with flail knives 

 

Horizontal axle mulchers  

Different types of flail knives are connected to the rotating axle for different diameter of 

residues: the larger the sizes the heavier tools are needed. Some manufactures offer 

mulchers with counter-blades 
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Figure 6.27 Horizontal axle mulcher with different flail knives 

The rake teeth on the back of the machines have to retain large pieces. 

 

Chipping locally can be carried out by using tractor mounted pick up chipper. The knives 

of the rotating chopper drum cut with counter blades. The length of the chips can be 

regulated by changing the speed of the drum (Figure 6.28).  

 
Figure 6.28 Tractor mounted pick up chipper 

1. Feed rollers, 2. Chopping rotor, 3. Support wheel, 4. Pick-up finger wheel, 5. 

Counter-blade 

 

 

The machine lays the chopped residues on the ground. The following step is the turning 

of the chips into the soil by a rotary cultivator. 

 

6.3.2  Harvesting (picking up), chopping and transporting the chips in one step 

For the picking up and chopping of residues rotating chopper drum with counter-blades 

are used here as well. In this technology however the drum forwards the chops into a 

trailer (Figure 6.29). 

 

 
Figure 6.29 Picking up, chopping and transporting the chips in one step 

 

6.3.3 Use of round balers 

For the harvest of residues by round baler, special reinforced machines are used. This 
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balers are now available on the market in great variety. All of them are of crimping roller 

types (Figure 6.30).  

The transport of bales is much more economic compared to the transport of loos woody 

residues. 

 

 
Figure 6.30 Special reinforced balers for the harvest of orchard and vineyard residues 

 

6.3.4 Collecting and transporting without chopping 

For collecting the woody residues and transporting them to a storage area without 

chopping  

a special tractor-mounted fork can be is used (Figure 6.31). The fork is connected to the 

tree point linkage of the tractor. The tractor collects the pruning in reverse, then lifts and 

closes the fork and transport the mass to the storage area. These steps must be repeated 

several times until the row is emptied.    
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7. Frost Protection 
 

 Spring frosts – when temperature drops below 0°C – are the most dangerous ones 

in Hungary because the water content level is increased within the plants making the 

intracellular solution dilute and resulting higher (closer to 0°C) freezing point as well. 

Several factors must be considered during the selection of the appropriate frost protection 

method or process. Frost protection methods can be divided into two separate groups: 

active and passive ones. It is necessary to note that none of the so far known methods can 

be considered as the best available method against frosts.  

 

 7.1. Passive protection 

 

 Using passive protection methods we do not intend to interfere with the temporal 

temperature change processes but we protect the plants from the harmful effects of frost 

by different methods. The number and the effect of these – prior to plantation – methods 

are limited and used under large-scale conditions principally. The profitability of their 

use is always determined by the total value of the protected plants located on a certain 

area. Passive protection methods are: 

 

– Choosing the right place for plantation: places with increased frost risk can 

usually be found either at areas with lower altitude where the colder (and 

denser air) can gather and get stuck in or at open fields with high heat 

conductivity factor which could easily lose their internal energy by powerful 
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heat radiation resulting rapid air temperature decrease as well. These places 

are also called ‟frost corners‟. Exploration, mapping and non-crop cultivation 

of these areas are highly recommended. If the crop cultivation of these areas 

can not be avoided then either frost-tolerant plants or species of which 

plantation time is after the periods of frost should be adapted.  

– Choosing the right breeds: this means that either plants adapting to the frost 

conditions of an area are bred or existing, frost resistant breeds are planted. In 

the latter case not just the frost resistant ability but all the other biological 

attributes should be regarded.  

– Choosing the proper sowing or plantation time:   choosing of sowing or 

plantation time the period of frost danger must practically be considered. Frost 

danger for a certain plant is between the time of the last frost in spring and the 

first day of the year which exceeds the base temperature need of the plant. In 

regards to the economic cultivation, the amount of the extra income from the 

increased crop yields resulted from the early plantation must be higher than all 

the frost protection costs.  

– Conditioning of the soil: the value of heat transfer ability and specific heat 

capacity of the soil – which determines the heat energy content – both directly 

depend on the water content of the soil. On favorable terms the lower the heat 

transfer factor is the higher the heat capacity must be. This situation can be 

achieved by low water content and/or high porosity. For this reason 

appropriate tillage must be done on the fields, which results in lower water 

content, too.  

– Conditioning of the plants: a method of lowering the freezing point of the 

intracellular fluids of the plants on purpose. Since the concentration of the 

intracellular fluids of the plants are relatively low during the frost related 

period of the year it is practical to provide potassium by chemical fertilizer 

through the soil for the plants, resulting in freezing point decrease in the 

intracellular fluids by 3-4 °C. 

 

 7.2. Active protection 

 

 We alter the physical progresses of the air close to the ground level with the 

purpose of moderating the temperature decrease gradient. To achieve this result we have 

to: 

 

 change the condition of radiation, 

 liberate heat energy or adapting direct heat. 

 

In order to select the proper frost protection method it is practical to make an 

overview of reasons for frost. Two groups could be formed: 

 

 advection frost: it occurs when a mass of polar, cold air (of which temperature is 

below 0 °C) moves into an area. The air density is in inverse proportion to its 

temperature therefore the colder air mass comes under the warmer one in this 



 187 

case. The protection against this kind of fall in temperature is more difficult and 

expensive than against the radiation kind of frosts.  

  radiation frost: in this case the cold air cools off below freezing point onsite. It 

occurs after the penetration of humid air masses arriving from the North since 

after rainfalls the sky clears up resulting in temperature decrease below freezing 

point by unhindered radiation. The risk of the radiation frost is higher when the 

incoming air mass is dry. Due to the wind lulls in the evening the radiation of the 

ground surface is extremely high. Therefore the air layer connecting with the 

ground chills while the temperature of layers located in the higher regions can 

exceed the air layer temperature close to the ground by 5-6 °C.  

 

Considering the temperature field in vertical direction (Figure 7.1) of the radiation 

(Figure 7.1. case „C‟) and advection frost (Figure 7.1. case „B‟) are opposite of the 

ordinary conditions (Figure 7.1. case „A‟). Regularly, under ordinary conditions 

air temperature decreases by nearly 1 °C per 150 meters vertically. The opposite 

state of the air temperature field, when the ground close layers are cooler than 

overhead ones is called inversion.  

 

 
Figure 7.1. The temperature field over the ground 

 

 The profitability of specific frost protection methods is influenced by different 

„demand values‟ such as weight of energy resources, volume flow, etc., which 

necessitates the creation of a balance equation related to the radiation frost. Considering 

the fact that each body of which absolute temperature (T) differs from 0 K – in 

accordance with an )(E
T
 distribution – emits electromagnetic waves, thus transmits 

energy of which value can be determined by Stefan-Boltzmann law:   
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where: 
r

c  radiation factor, which can be calculated by (c) the speed of light,  
B

k  

Boltzmann  and (h) Planck constant, and its value:  5,668710
-8

 Wm
-2
K

-4
 

 
0

c perfect blackbody radiation factor: 5,6687 Wm
-2
K

-4
 

  

Since radiant and advective energy flux land on a particular surface thus the energy 

balance equation transforms in the following way: 
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where:  relative emissivity of the surface of an object (of a plant in our case), its value 

is between 0-1, 

  mutual irradiation factor; its value is approximately 0.5, 

 
.éga

T absolute temperature of surface of an object in the direction of the 

radiation or rather the temperature of the surface which is colder than the surface of the 

plant. (In our case it is the lower region of the sky). 
.éga

T -40 °C should be used during 

the calculations for achieving the same results of the measurements.  

 
.tal

t  temperature of the soil with 
.tal

 heat conductivity in 
.tal

 depth. It is 

practical to use the value of the soil depth where the temperature equals to the value of 

the local annual average temperature.  

 q value of the specific heat flow in watts per square meter of the plant 

providing a certain tnöv. temperature (min. 0 °C in this case). In absence of this, the 

average temperature of the plant decreases.  

 

 After substituting the actual values into the equation above it turns out that the 

heat flow from the ground to the plant via heat conduction is a small percentage of the 

heat loss resulted via heat radiation flow difference of the plant and its environment. This 

is the reason for the decrease in average temperature of plants in unclouded, clear nights 

(ideal weather for heat radiation). 

  

 7.2.1. Altering the conditions of radiation  

 

 In this case the purpose of frost protection is the change of the value of the 

balance equation in a favorable way. This can be done either by altering the mutual 

irradiation factor () and/or the temperature of the surface which is irradiated by the 

plant (Téga.). It can be accomplished by: 

 

- covering, which can include covering both the ground and/or the plants.  The 

dissipation of heat energy stored during the day can be slowed down by the usage of this 

method. Ground covering (or mulching) is accomplished by using some material such as 

a blanket on the surface of the ground. Both organic matters (which can be decomposed 

during its use) and non decomposable ones can be used for this purpose. Wooden 

residues (bark, sawdust, woodchip), vegetable residues (straw, hay, corn stalk, corn cob, 

cane, grass, fallen leaves) and other resources (paper, compost, marc, peat, manure) are 

involved in the first group and sand, pebble, stone and brick debris in the second one. The 

root system of peony may be protected safely by creating a depth of 7-8 cm of winter 

mulching.  Another option is the utilization of „hasura‟ („blanket‟) which is suitable not 

only for the protection of the ground but the crop. Hasura is a wrapping woven from rye 

straw, cane, bulrush, weed and used for covering seed beds or glass houses enhancing the 

heat insulation and/or shading features of the facilities. Plant covering can be 

accomplished by both a single plant (as the bag isolation is shown in Figure 7.2.) and on 
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a whole row as well (Figure 7.3.).  The material of the cover is seldom paper, mostly foil 

or a mesh made of polyethylene (PE) is used. The adventages of these procedures without 

any doubt are the low labour demand and particularly at vegetable cultivation could be 

profitable due to the extra income of the early maturing (but it can also be adapted at 

ornamentals). The disadvantage of this method is the difficult implementation at fruit 

trees or plants with higher growth habit. During the implementation the contact of the 

plant with the cover material has to be avoided because a powerful fall in temperature can 

occur by heat conduction between the plant and the cover. 

 

 
Figure 7.2. Covering separately  

 

 
Figure 7.3. Row covering 

 
- smoking, which means an intended increase in the rate of the solid aerosol contaminent 

in the air (e.g. by perfect burning). Using this pollution, a part of the direct eradiation 

transforms into scattered one resulting in a decrease in both portion of space and cooling 

velocity. Wet hay or other organic raw materials can be used for smoking but polluting 

feedstocks (as well as wet chaff with gasoline, car tyres) must be avoided. The fuming 

pile is made of a pole surrounded by some combustible matter (vine cane, straw) and 

covered by smoke providing feedstocks (wet leaves, manure or wet straw). Finally the 

whole pile is wrapped by soil.  Before setting it on fire – when the air temperature is 1-

2 °C – the center pole is pulled out and after that the lower section is inflamed. The area 

of 40-50 m
2
 can be protected from the frost by one smulding pile. The smoke or smog 
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candle also creates aersol, but partly its price partly its short-term warranty limit the use 

of it. The smoke generated in the way above (Figure 7.4.) contains a large amount of 

carbon-dioxide which is a greenhouse gas and this is the reason why the radiation loss 

decreases. Smoking is effective in wind lulls and just if it is started before the 

temperature drops below 0 °C and the smoke or smog cover the whole protected area 

thickly.  

   

 
Figure 7.4.  Smoking in the fruit garden 

 

Artificial smog can be produced from fluids (water). Considering the absorption of 

electromagnetic waves of 8-12 μm wavelength, which are decisive in the temperature 

radiation, water is more effective than solid aerosols. Therefore it warms up more 

dynamically and if the vapour in the air is not saturated, it vaporizes quickly, it can have 

a marked influence. The adaptation of this method can be effective only if the generated 

(cold or warm) smog is continuous. Methods reviewed before this one are more often 

used due to the time-consuming feature of the use of artificial smogs.  

 

 7.2.2. Heating 

 

 For the heating of the cold air mass causing frost damages energy is needed. This 

energy can be taken from the decrease of the internal energy of other resources. The 

energy transfer can be accomplished by  

 

 temperature fall (air mixing methods), or 

 phase shifting (sprinkler frost protection).  

 

Other options are the methods of generating heat energy from: 

 

 chemical energy (by burning e.g. heat oil or paraffine candle), 

 electric energy (creating alternating electric field). 

 

 7.2.2.1. Air mixing 

 

 The possible cases of vertical temperature gradient in Hungary are shown in 

Figure 7.1. In case of inverse temperature distribution (case ‟B’ and ‟C’) the air layer 

located at a particular altitude is warmer than the one close to the ground. Therefore 
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mixing the ground close air mass and the higher, warmer one can be a secure protection 

method against ground close chills and frosts. There are two ways for bringing the 

mixing to effect: either by stable wind machines or mobile helicopters. The alignment of 

the wind machines can be done by the position of its axis: 

 

Vertical axis machines:  

- helicopters (Figure 7.5.) are levitating in one place till the ground close 

temperature rises above the freezing point. It must return to the area 

regularly in every 10 minutes. The use of this method is not typical in 

Hungary.  

- Inland wind machines (Figure 7.6., 7.7. and 7.8.) 

 

                    
    Figure 7.5. Helicopters used for frost protection Figure 7.6. Vertical axis wind 

machine 

 

 

Horizontal axis wind machines can be grouped into the following clusters:  

- rotary (turning around), 

- rotating with constant angular velocity, 

- rotating with variable angular velocity (according to the direction of wind) 

- oscillating (rotating in range  90 - 180°)) 
  advantage: shorter cycle time (if the wind blows in the same 

direction), 

  disadvantage: if the wind shifts round, its effect may cease. 

 

 

Wind machines draw warm air from above down and mixes with the colder one 

on the surface. The height of the wind machines is 10-12 meters. The wind machine rotor 

made up of 2-3 rotor blades, each blade is 2-2,5 m long and spins at 400-600 rpm in use. 

The most common form is the simple set-up rotating wind machine with constant angular 

velocity (Figure 7.7.). 
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Figure 7.7. Horizontal axis wind machine 

 

Altering angular velocity rotors are also used, which spins faster upwind. The 

wind machine is powered by either electric or internal combustion engine, although it can 

also be run by the PTO shaft of a tractor. Thick-walled poles with large diameter are 

usually made of tubes and the horizontal rotor takes a whole turn in every 4-5 minutes by 

the bevel gears on the upper edge making the air mass drifting around the tower (Figure 

7.8.). It is effective up to minus 5-7 °C and replenishing with thermo-ventilators it heats 

the air with an additional 4-5 °C. 5-5,5 hectare of plantation can be protected against the 

frost by this kind of wind machines, though it costs more than 10 million HUF now. 

Alternatively, it can also be used as a wind engine at the sites where the wind velocity 

reaches 5-7 m/s. It must be considered that the start up of the unit has to be launched 

significantly sooner than the frost appears. The larger the temperature inversion, the more 

effective it is. Using wind machines can be very harmful if there is no inversion! 

 
 

Figure 7.8. Rotary wind machine 
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7.2.2.2. Sprinkler Frost Protection 

 

 The base of this procedure is that situation when 1 litre 0 °C water freezes cca. 

700 Wh energy releases and there is available fluid H2O e.g on the surface of the plant its 

temperature does not drop below 0 °C. The intracellular fluid of the plant is some kind of 

solution, of which freezing point is always lower than the water‟s one (it is usually minus 

1-2 °C).  

 

 Nowadays modern plantations are designed together with an irrigation system, 

which is suitable for frost protection beside its watering and climate regulating function.  

 

 One of the indirect versions of frost protection is the so called bloom delay 

irrigation, which means cooling the plantation by watering via sprinklers causing the heat 

sum for the blossoming delay for the buds. One of the methods is watering the plantation 

when the daily air temperature reaches 7-9 °C with the intensity of 2-3 mm in every 10-

20 min interval for the period of 2-3 min for at least 2-3 weeks. According to the 

experiment results, the blossoming of peach, apple can be delayed even by 2-3 weeks. 

Since the irrigation must be started already in February and harsh night frosts are also 

prognosticated for this period, the irrigation system must be protected from frost damages 

as well. It may happen by sprinkling as mush water that makes the area totally impassable 

for the period of soil cultivation works. In contrast with this method there is a direct 

procedure called watering before frost, which means irrigating the surface of the soil.  

Being a heat container, the heat conduct ability of wet soil is higher than the dry one, thus 

the heat eradiating from the surface of the soil can replace a part of the heat loss of the 

plant. It is effective only in the height of 1-1,5 meters hence it can be adapted in berry 

plantations.  

 

 On frosty days still before the chill comes, watering has to be started by 

accomplishing the method of direct frost protection irrigation (Figure 7.9.) with fine 

spray sprinklers. The amount of water needed depends on the amount of water (which is 

calculated from the balance equation) that has to freeze on the surface of plants. Water is 

continuously sprinkled to the surface of the frozen water (ice) causing the temperature of 

water-ice mixture not to drop below 0 °C. The ice pulp forming in this way slips the ice 

crust (Figure 7.10.) on the surface of the plant off. According to experimental 

observations, 1,5-3 mm of water intensity (15-30 m
3
 water on a hectare) is needed for 

fending off the frost in vegetable cultivations. Frost protection irrigation has to be 

executed without intermission until the frost layer melts (a couple of hours after the 

sunrise). Either ignoring this or watering at lower intensity than required cause the 

branches and the twigs of the trees breaking off by the load of the ice. Even the effect of 

minus 12 °C- frost can be avoided by a properly designed irrigation system. Due to the 

principle of its operation, it can be applied in case of both advective and radiation frost. 

This is the reason why frost protection irrigation is the most commonly used method in 

Hungary, too. 
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Figure 7.9. Frost protection irrigation at dawn 

 

 
Figure 7.10. Ice crust formation by frost protection irrigation 

 

  Flooding is a direct protection method when the whole area is overflown by 

water. Having high specific heat capacity, the water either does not freeze or freezes just 

on the surface (but below the ice layer its temperature remains above 0 °C). This 

procedure can be applied in specific cases, only when the plant tolerates flooding and 

water in- and outlet is available and economic. Low height berry plantations (mostly 

blueberry) are protected in this way. 

 

 7.2.2.3. Warm air blowers 

 

 A hydro-engine powered axial blower - located at the front of a mobile cylindrical 

furnace - delivers and mixes the air with heat energy liberated from stack gases as it is 

shown in Figure 7.11.  



 195 

 
Figure 7.11. Mobile warm air blower 

 

Similarly to the markings of Figure 7.12. the air needed for combustion flows bottom-up 

(7) to the burner (1). The drawn and warmed air flows due to the suction of baffles (3) 

and the ventilator between the section of internal and external cylinder (4) of the blower. 

Meanwhile, it mixes the warmed air mass with the external cold air in a share which 

helps to avoid the outlet air temperature rising over 40 °C. The lower density of warmer 

air would make it drift upwards, resulting in a decrease in the frost protection effect.  

 
Figure 7.12. The set up of a mobile warm air blower 

 

 It is a fact stated by users that hauling the installation the warm and cold air is not 

mixed properly and 5-8 m/s initial velocity of air flow is effective in a 15-20 m distance 

only. In favor of enhancing efficiency a deflector setup has been designed, which is 

suitable for blowing the air in one (using 1 fan) or both (using 2 fans) directions 

perpendicular to the heading. By the latter installation almost 15 hectare of fruit 

plantation was maintained and frost protected at -3 °C.  

 

 For the effective protection of larger plantations a maximum 65-m-long foil hose 

with 1000- mm diameter is attached and tapped by maximum 125-m-long side hoses with 

30-mm diameter according to the row spacing. The number of the side hoses cannot 

exceed 50 pieces on each side. According to the installation in figure 7.13 large areas can 

be meshed at low cost level and warm air flow can be distributed relatively steadily. The 

heat oil demand of the burner may be more than 100 liter per hectare. 
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Figure 7.13. Distribution of warm air flow by a hose system 

 

 7.2.2.4. Stack heaters 

 

 Stack heaters are effective machineries in ground close frost defence. The bottom 

of stack heater (stoven) is slightly conical shaped, perforated, and a cca. 20-liter fuel oil 

container is mounted with filling and air gap (Figure 7.14.). The surface of the cylindrical 

stove tunnel can warm up to 600 °C, which heats the air effectively by heat radiation. 

Low quality fuel oils can also be used by tracing the stack gases partly back to the 

combustion chamber from the upper cylindrical part of the device causing lower soot 

production by preheating the oil fumes. Because of the radiation heat flow, stack heaters 

must be placed at a half meter distance from the plants (fruit, grape, etc.). The protection 

is effective if the number of heaters (the density of heaters) in case of triangle binding is 

minimum 200 or even 500 on a hectare. Warm stack gases admix to the ascendant warm 

air mass resulted from the radiation heat flow of heaters. This warm and less dense air 

starts floating on the whole area of the plantation. This leaving airstream is replaced by 

colder one from the edges of the territory irrespectively of winds, too. Compensating this 

freezing effect appearing at each edge, the density of heaters must be doubled compared 

to the density inside the crop field. Therefore each tree can have even an own separate 

heater. The larger the inversion is, the slower the air elevation is.  Warm air drifting 

upwards cools rapidly down in this case and it becomes colder than the layer above the 

“ceiling” causing temperature growth only in the lower sections of frost dangered air 

mass.  
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Figure 7.14. Structure of a stack heater 

 

 Even a 4 °C air temperature decrease can be balanced by the use of this method. 

The oil consumption of stack heaters is 1,2 – 3,5 litre per hour, heating power can be 

about 11-32 kW. This frost protection method has not been adapted widely in Hungary so 

far and the present day prices (investment, operation costs + heat oil demand) do not 

favour to its adaptation at all. On the other hand its use is widespread in the United 

States. (Figure 7.15.). A simpler way of heating is the use of paraffine candles, which are 

more expensive than the run of sack heaters but effective even at minus 6-7 °C. A single 

candle is enough for the protection of each tree. One candle costs 1500 HUF (cca. 5€ in 

2012) but it can be used for 2 years.  

 

 
Figure 7.15. Stack heater at a fruit plantation 
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 7.2.2.5. Capacitive frost protection 

 

 A metal mesh (of which surface is signed by “A”) insulated from the ground is 

placed above the plantation as it is shown in Figure 7.16. This mesh (the one plate) 

located almost parallel with the ground (the other plate) at “d” average distance 

effectuate a capacitor by connecting to an electric power supply.  

 

 

 
Figure 7.16. Adjustment of a capacitive frost protection system 

 

 In one plate of a charged capacitor more charge carrier can be accumulated than 

in the other one, which can be quantified by capacity [C]: 
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 As it can be seen, not just geometrical parameters but the dielectric constant of the 

medium between the two plates [εr] define the capacity while 
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  the dielectric constant of 
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. In view of dipole structure 

water molecules in an electric field between the two plates of a capacitor is shown by 

Figure 7.17.  

 



 199 

 
Figure 7.17. The structure of water 

 

   

 
Figure 7.18. Water molecules in alternative electric field 

 

In accordance with Figure 7.16. ‟G‟ generator (high-voltage power supply) establishes an 

alternative electric field, forcing water molecules moving either to the left or to the right 

direction as it is shown in the figure 7.18. During the realignment the molecules friction 

to one another (because of viscosity feature) causing continuous heat generation with 

steady distribution. The value of liberated heat energy can be modulated by either the 

value of effective voltage between the two plates and/or changing the frequency of 

polarity switching. The adjustment of the wanted heat flow value can be automated 

easily. The field current of the generator can be regulated by using a thermo sensor 

located at the typical place of the plant which brings an effect on the value of effective 

voltage measured between the plates.  According to experiments at a -7 °C external 

temperature and a 3 °C of plant temperature, the leaving heat flux is about 100 W/m
2
. For 

the replacement of the heat loss, 1 kW power of generator at 11kV effective voltage is 

required. Unfortunately, the investment cost of this kind of instruments is rather high and 

its operation is highly expensive. Therefore, it is used at some precious crops (e.g. at 

plant collections, plant breeding sites or for experimental purposes). However, it also 

works as a net reducing bird and hail damages. 
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Control questions: 

 

- What are the main characteristics of the different frost types? 

- In which cases and how can be smokers used in frost protection? 

- What are the main features of air mixing machines? In which cases can those be 

used? 

- What is the main principle of the method of frost protection irrigation? 

- Where and how can the method of capacity frost protection be adapted? 
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8. Vegetable harvesting technologies 

The cost of manual harvesting of vegetables accounts for up to 2/3 of the total 

production costs.  Therefore, mechanization of harvesting plays an important role in the 

economy of production.  

Analysing the process of manual harvesting, 3 phases can be distinguished: picking or 
detaching the harvested parts (fruits, buds, tubers, roots, leaves, etc.) of the plant, 

collecting them in buckets, sacks, crates, cases, containers or trailers, and finally 

transporting 

the same to the collecting or processing location.  

Depending on the level of mechanisation of the above 3 phases, 3 harvesting technologies 

are available: harvesting with tools, harvesting using mechanical aids, and fully 

mechanised harvesting. 

Usually, fresh market products are harvested manually, to avoid damage caused by the 

harvesting machine.  

The products harvested by machines are processed by the canning or refrigeration 

industry. 

 

8.1 Harvesting using collecting tools 

When using this technology work in all 3 phases is carried out manually. It is 

characterised by the use of collecting facilities. 

Due to size unification most of the collecting facilities are offered in standardised sizes.  

By multiplying the smallest one we get to a larger standardised unit. The largest unit is 

the pallet which can be loaded by a forklift (Figure 8.1). 

Fresh market vegetables are wrapped and packed immediately in the field in bins and 

trays which are placed on shelves of the stores. Some of the bins and trays are for one-

time use only, others are reusable. These are generally made of plastic. 
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Figure 8.1 Plastic pallet bins 

 

8.2 Harvesting with mechanical aids 

With the use of harvesting aids the collection and/or transport of products is mechanised. 

The mechanical aids are special vehicles which increase productivity by 20-50%. 

In most of the cases the workers are walking behind the mechanical aid and put the 

detached vegetable on a belt or into a container (Figure 8.2). 

 

 

 

Figure 8.2 Mechanical aid in use. Pickers are collecting the harvested product directly in 

boxes 
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Some examples of mechanical aids are shown in Figure 8.3. 

 

 

 

Figure 8.3 A few typical arrangements of mechanical aids 

a. Tractor-mounted platforms for carrying buckets or cases 

b. Tractor-towed platform for carrying buckets or cases 

c. Tractor-mounted platforms for carrying pallet bins 

d. Special trailer with turning platform for transporting and collecting hand-picked 

vegetable (platform in transversal position for collecting, in longitudinal position for 

transporting purpose) 

e. Tractor-towed collecting conveyor belt 

f. Tractor-mounted conveyor belt 

 

To make the work of hand pickers more comfortable, attempts were made to 

create a sitting or lying position on the machine.  

Sitting proved to be less comfortable because of the stretched position of the legs. 
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Picking in a lying position is more advantageous. In the so-called 'cucumber aircraft', 

designed and constructed at the University of Hohenheim, pickers are harvesting pickling 

cucumbers in lying position.   

 

Figure 8.4 Cucumber harvesting aid in use 

 

 

8.3 Fully mechanised vegetable harvesting 

 

The special features of mechanised vegetable harvesting are as follows: 

 Almost each species needs a separate harvester type,  

 Special varieties are needed with high yield and high damage-resistance, 

 In most cases once over harvesting is carried out, which requires varieties with 

uniform ripening. 

 The machine-harvested product is mostly processed by the food industry, 

 The quality of machine-harvested product is generally lower and its yield is 

generally less than those harvested by hand, and 

 Selective harvesting is still in research status. One of the possible solutions seems 

to be the use of robots.  

 

8.3.1 Mechanical harvesting of field tomatoes 

 

R&D in the mechanisation of mechanical tomato harvesting started at the end of the 

1950s  at the University of California on the basis of potato harvesting. Since that time, 

the working principle of harvesting has not changed much. The necessary technological 

steps are: 

 The stems of the plants are cut under the soil surface, 

 A conveyor chain transports the  bushes and the berries dropped earlier on the soil 

together with the cut soil layer to the shaker unit, 

 The shaker removes the berries from the plants and drops the bushes to the ground 

behind the machine, 

 A fan removes leaves and other impurities, 

 The berries are sorted according their colour, and 

 The red berries are collected in a transport vehicle. 
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Specialities of the tomato plantation 

 For mechanical harvesting special tomato varieties are needed. They have to bear 

firm berries to “survive” the mechanical impacts of the harvesting process without 

suffering any injury. The berries must ripen uniformly (they must be at least 80% red at 

the time of harvesting) to avoid unacceptably high losses. They must be of determined 

growth. Also high yield (min 45 t/ha) and dense leafage (to lessen the impact) is required.  

Tomatoes can be grown on flat arable land or on ridges (in Hungary 1.6m wide). They 

are transplanted or sown in double rows (35cm), plant distance in the row is 20-35cm 

(Figure 8.5). 

 

 
 

Figure 8.5 Tomato plant arrangement on the ridges 

 

 

 

Main parts of the harvesting machines 

 

In current practice, the harvesting machines cut off the plants, forward them to the 

shaker unit, detach the berries, remove the yellow and green tomatoes and clods, and 

forward the ripe exemplars into the collecting trailer.. In the following section we discuss 

the most typical solutions of these technical elemnts.  

  

Cutting – forwarding unit 

Their task is to cut off the plants underneath the soil surface and to forward them to the 

grid conveyor.  

 On the first harvesters, the applied rigid knives were fixed to the machine frame 

in a left-leaning position. These however were very sensitive to the strong, woody weed.  

That is the reason why today the knives are designed to be active and self cleaning. The 

most often used types are the cutter bar and the rotating disc units. 

   

 The cutter bar units consist of a series of edged blades similar to those on the 

combine harvesters. Curved forks are located above the blades to prevent the tomato 

berries from being cut.  
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 As the blades run in the soil they wear out fast. They must be replaced 2-3 times 

in a harvesting season. When a cutter bar is used on the harvester, a rubber finger reel is 

needed to forward the plants on the sloped conveyor. 

 

   

 

 
 

Figure 8.6   Cutter bar with curved forks 

 

  

 Figure 8.7 shows a rotating disc cutting-forwarding unit. The usual diameter of 

the sharpened edge discs are 90-100cm, their slope is 20-25
0
 to the horizon.  The front 

edge of the discs works 5-8cm deep in the soil. This way all the plants and the berries on 

the ground are transported in the machine with a thin soil layer. A corrugated rubber belt 

above each disc forwards the cut plants to the sloped conveyor and cleans the upper 

surface of the disc at the same time. A knife underneath each disc, fixed to the machine 

frame cleans them from the bottom.  
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Figure 8.7 Rotating disc cutting-forwarding unit 

 

Sieve conveyor  

 To remove impurities from the harvested lot sieve conveyors are used for 

transporting the berries inside the machine.  

 The slot between the sieve rods is in most cases 25mm, so the unripe, small berries 

as well as clods smaller than 25mm fall through the slots.  According to experience, the 

optimal conveyor speed is 2-2.5 m/s (Figure 8.8).  

 After the cutting-forwarding unit, a sloped sieve conveyor is used. To prevent the 

plants and free berries from rolling back a reel is applied above the conveyor.  

The sieve conveyors are driven and supported by cogwheels. The supporting cogwheels 

are often of ellipsoid shape, which vibrate the conveyor, intensifying removal.  

 

 
 

Figure 8.8 Typical sieve conveyor with rubber plates 
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Shaker units  
They have to detach ripe berries from the plant and separate shaken berries from 

harvested plants. 

Detaching tomato berries by shaking can be carried out in many ways.  All 

solutions have a few common characteristics. One of them is that only the vines get into 

contact with the shaker unit.  The whole plant is shaken through the vines giving rise to 

acceleration and so inertia forces in the berries. In other words, while the shaker unit 

accelerates the vines, the berries tend to resist the acceleration and inertia force arises 

between stem and berry. If the inertia force exceeds the detachment force of the berries, 

they will be removed. 

The shaker repeats this action many times to achieve safe detaching.  

 

 The most common shaker units are the straw walker type, the longitudinal or 

transversal vibrating belt type and the force balanced shakers.  

 

Straw walker type shaker  

It consists of parallel laths which are fixed by bearings on two rotating crankshafts. When 

in use, each lath is rotating, and so do the stems sitting on them. They also transport the 

bushes continuously (Figure 8.9). 

The inertia force which arises in the berries during shaking is composed of the centrifugal 

force F= m
.
r

.
ω

2
 and of the gravity force m

.
g. 

The gravity force increases or decreases the inertia force depending on the position of the 

laths.  

 

 

 
 

Figure8.9 Straw walker shaker beard on two rotating crankshafts 

 

In the first case, the inertia force equals the sum of the centrifugal and gravity force. The 

tomato will be detached, if:  
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where   m is the average mass of the berries 

  r  is the eccentricity of the stage axles 

  Flev is the average detaching force  

 

The crankshafts speed needed for fruit detachment is: 

 

r

g

rm

F
n

lev







30
 

 

In case of the Hungarian made PBT type tomato harvester r = 0.05m. The average 

detaching force for berries in a given tomato field was Flev =5 N. In the same plantation, 

an average berry mass of m = 0.1kg was measured. The above data results in n = 270 1 

/min, which coincides well with the recommended speed of 258 1/min. 

In practice, not all berries will be detached by the first acceleration. Passing 

through the shaker laths, 8-12 more acceleration will affect the berries which ensure safe 

detachment.  

 

Longitudinal vibrating belt shaker 

These shakers have parallel belts with nails. Their motion is dual: while 

transporting the bushes they shake them horizontally. The detached berries fall between 

the belts, while the nails of the belts transport and continue to shake the plants, and 

finally drop them to the ground (Figure 8.10). 

 

 

 
 

Figure 8.10 Longitudinal vibrating belt shaker 
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Force-balanced shaker 

This shaker consists of a spokes-drum with 40-50cm long spokes and a curved grid. The 

drum is forced on the one hand to torsion vibration, to rotation on the other hand. The 

torsion vibration is due to a pair of eccentric rotating mass.  The working principle of the 

spokes-drum is identical to that used in fruit harvesting (see Chapter 9). 

The plants with the fruits get in-between the drum and the grid where the berries will be 

detached due to the vibration of the spokes. The removed fruits fall through the gaps of 

the grid. Detached plants are forwarded by the rotation of the drum and finally fall to the 

ground (Figure8.11). 

 

              

 
 

Figure 8.11 Force-balanced shaker with vibrating spokes 

 

Cleaning unit  

 Clods larger than 25mm in diameter can be removed from the machines by a 

sloped conveyor. As the berries start to roll at a smaller slope, one can determine the 

optimal slope degree, at which the tomatoes start rolling back on the belt while the clods 

are being carried away by the conveyor. 

 Another method of selection is based on the difference between the specific 

weight of the clods and the tomatoes. Using a rotating brush cylinder, at the optimal 

brush strength, the clods fall through between the fibers but the tomatoes are transported 

away on the brush surface. 

 On the first tomato harvesters, a space of about 10cm was left between the first 

two transporting belts. Loose tomatoes and large clods fall through the space on a sorting 

belt. The clods were removed from the belt manually while the red berries were 

forwarded to the trailer. Due to this arrangement the shaker is not charged unnecessarily.  

Light impurities such as leaves and parts of the vines are removed by sucking or blowling 

fans. In both cases, the best result can be achieved, if the mass-flow is loose (i.e. “it is 

flying” from one conveyor belt to another) and the airflow crosses the mass-flow 

perpendicularly.    
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Colour sorting  

 Colour sorting can be carried out on the harvester machine or, after harvest, in a 

pre-processing plant.  

 Nowadays, colour sorting on the machine is done by electronic colour sorters.  

The working principle of those is as follows (Figure 8.11). First, the tomatoes are 

arranged in rows and then they pass in front of special lamps. The light reflected by the 

illuminated berries is processed by colour sensors and the processor of the colour sorter. 

Second, pneumatically driven diverters execute the decision of the built-in PC: the 

material will be separated in two categories: red berries and everything else (yellow or 

green tomatoes and clods).  

 

 
 

Figure 8.12 Colour sorter for removal of yellow and green tomatoes as well as clods  

 

Construction of the tomato harvesters 

According their working technology tomato harvesters can be arranged in two 

groups. Machines in the first one carry out the technological steps in one pass on the 

field, while those in the other group do less on the field, and the rest is done in a pre-

processing plant.  This latter procedure can be regarded as the two-stage technology. 

 

One-pass tomato harvesters 

During harvesting, when the machines work in one pass, the stems are cut under 

the soil surface, the bushes and berries are transported to the shaker unit, the berries are 

detached from the vines, and finally the leaves and other impurities are removed. The 

berries are sorted according to colour, and the red berries are forwarded into a transport 

vehicle. 

 

The machine on Figure 22 consists of a cutter bar (1) with lifting forks above it 

(2), sieve conveyor ( 3), reel ( 4), forwarding conveyor belt ( 5), rotating brush clod 

remover (6), berry collecting conveyor ( 7), finger drum of the shaker ( 8), curved grid 

(9), bush transporter  conveyor (10), transversal conveyor (11), fan (12), colour sorter 
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feeding the conveyor (13), platform for the personnel sorting manually (14), colour sorter 

(15), long sorter conveyor (16) and discharge elevator (17). 

The working principle of the machine on Figure 8.12 is as follows. The plants and 

the soil cut by the cutter bar get on the sieve conveyor where the soil is removed. The reel 

prevents the bushes from rolling back. The clods and berries on the ground fall trough a 

gap between the sieve conveyor and the forwarding conveyor belt onto the rotating brush 

where the clods fall through and the tomatoes drop on the berry collecting conveyor. 

The plants travel over the gap and get between the finger drum and the curved 

grid of the shaker. The detached berries fall through the grid on the berry collecting 

conveyor, while the shaken bushes fall on the ground via the bush transporter conveyor. 

A fan blows away the light impurities before the berries arrive on the colour sorter 

feeding conveyor. The berries passing the colour sorter get on the long sorter conveyor. 

Finally, through the discharge elevator, they end up in the bins of the trailer, running 

parallel to the harvester machine. In the colour sorter, the green and yellow tomatoes as 

well as the remaining clods are removed and fall on the ground. The damaged berries are 

removed by one or two hand sorter(s) from the long sorter conveyor.  

 

 

 
 

Figure 8.13 One-pass tomato combine harvester with colour sorter 

1:Stem cutter, 2:lifting forks, 3: sieve conveyor, 4: reel, 5:forwarding conveyor belt , 

6: rotating brush clod remover, 7:berry collecting conveyor, 8: spoke-drum of the shaker, 
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9: curved grid, 10: bush transporter  conveyor, 11: transversal conveyor, 12: fan, 13: 

colour sorter feeding conveyor, 14: platform for the hand sorters, 15:colour sorter, 16: 

long sorter conveyor, 17: discharge elevator 

 

Tomato harvesting in two stages 

In the first phase of the two-stage technology, a simple, tractor-towed harvester 

machine cuts the stems under the soil surface,  picks up and transports the plants to the 

shaker unit, shakes off the berries from the vines, cleans, and loads the berries of different 

colour and also clods above a certain diameter into a special trailer (Figure 8.14).  

 

 
Figure 8.14 Tomato harvester machine for the two-stage harvest 

1: alternating mower, 2: sieve conveyor, 3: straw walker shaker, 4: fan, 5: discharge 

elevator 

 

To prevent tomatoes from being injured by clods, special, water-filled trailers are 

used. The water lessens the impact on the berries on the one hand, and melts and 

transforms the clods into mud on the other hand (Figure 8.15). 
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Figure. 8.15 Loading the berries into water-filled trailers 

 

          

 
 

Figure. 8.16 Pre-processing plant in the two-stage tomato harvesting technology 

 

In the second phase, in the pre-processing plant (Figure 8.16) the harvested 

tomatoes and mud are kipped into a pool (1) in which the water is circulated in the 

direction of the conveyor (2). At the bottom of the pool, high pressure air is blown into 

the water to help the pre-cleaning of the berries. The conveyor carries the tomatoes to the 

rotating-brush wet pre-cleaner (3), then impurities are removed by hand (4). After final 

washing by another set of water sprayers and rotating brushes (5) the berries go through 

distributor conveyors (6) to the selecting conveyor belts where colour sorting is carried 

out by hand (7). Finally, cold breaking is performed, that is peels and seeds are separated 

from the pulp (8). The pulp will be transported to the processing plant in tanks. 

By-products such as green and yellow tomatoes, peals and seeds are used as forage.  

The capacity of the pre-processing plant on Figure 8.16 is 10-15 t berries/hour.  

The spitted harvesting technology, where the machines are in shelter, is more 

favourable for the sorting personnel than working on the platform of a harvester machine 

exposed to hot dust and vibrations. 

Further advantage is the ability of collecting the green tomatoes and also the half-

processed end product (pulp). Its disadvantage is the much higher investment cost.  

Earlier, two-stage tomato harvesting was typical for Italy and Hungary. With the spread 

of harvester machines equipped with automatic colour sorters however it is not 

advantageous anymore. At present, in both countries the one-stage technology is the 

practice.  
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Detaching tomatoes with the patented Hungarian harvester machine is totally 

different.  Only a few series of this machine have been manufactured until now (Figure 

8.17). 

Its main novelty is the finger drum (1). It is in frontal position and detaches the berries 

directly from the plants before cutting them off. The fingers are made of elastic plastic to 

avoid damaging the tomatoes upon contacting them. As a result of their strength however 

they are able to detach the berries and forward them into the machine. 

 

 
 

Figure 8.17 Tomato harvester detaching the fruit directly from the plant 

 

A rotating rectangular axle (2) on the soil surface helps the tomatoes to get onto 

the sieve conveyors (3, 4) and pulls the plants out of the soil. The detached berries, clods 

and harvested plants travel on the grid conveyor to a selecting sieve conveyor (5) where 

the berries and plants are separated. The berries get on the discharge elevator (6, 7) while 

the plants fall on the ground. A fan positioned between conveyors 4 and 5, blows the light 

impurities away.   

The work quality of the patented machine is similar to that of the earlier ones. Its 

mass and power demand however is much less than those of a similar machine with a 

shaker unit. 

 

Comparison of harvester machines using the two types of technology is shown in 

Table 8.1. 

 

Table 8.1 Technical data of harvester machines in one and two-stage harvests 

Technology  One step  Two stages Two stages  

 

Made by: GARESI  

self-propelled 

PB-20 

 town 

PAS  town, finger 

drum combing 

Width of  harvesting: 1.5 m 1.6 m 1.6 m 

Working speed 

range: 

1.1-1.8km/h 1.8-3.6km/h 1.8-3.6km/h 

Area performance: 0.4-0.8 ha/h 0.3-0.5 ha/h 0.3-0.5 ha/h 

Mass flow: 15-25 t/h 10-15 t/h 10-15 t/h 

Personnel: 2-4 1 tractor driver 1 tractor driver 
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Some quality indicators of the tomato harvester machines 

The main data on field tomatoes are changing from year to year and from growing 

area to growing area. The figures below represent extreme values experienced during 

several years. Consequently, the data is only for information purposes, all in yield %.   

Ripe, red berries, when harvested: 60-80 % 

Red, ill  berries:  5 -23 % 

Rotten berries: 3-13 % 

Green and yellow berries: 4-6 % 

Vine mass ratio in the plant: 4-12 % 

In the harvested lot: 

Damaged berries 0-2 % 

Vine residues 0-0.3% 

Soil and clods 0.5-4 % 

Loss on the field: 5-28 % 

 

 

8.3.2 Mechanical green pea harvesting 

 

Fresh market green pea is still manually harvested, since no machine is available 

for picking the pods separately from the stems. Green pea grown for the processing 

industry has been mechanically harvested for decades.  The harvested product is the 

threshed pea which loses its quality very fast.  

In the 1960s and 1970s, tree different technologies were developed. 

The latest machines perform those tasks in one pass, which were carried out 

earlier in two or three passes. Whether in one or more passes, the machines mow or comb 

the plants and forward them to the thresher.  There the pods get open and the peas pop 

out as a result of the thresher‟s impact and rubbing. Seeds, straw and small parts are 

separated from one another, and finally the seeds are collected in the hopper.  

 

Specialities of the green pea plantation  

Applying the once-over mechanical harvesting technology, the entire plantation 

should ripen simultaneously. Seeds are drilled in rows with equal row distance and 

without tractor paths. To keep harvesting loss low, a well tilled and levelled flat field is 

needed. Otherwise the cutter bar cannot reach the plants hidden in the trenches and the 

grooves.  

Because the quality of the seeds deteriorates quickly, harvesting must be carefully 

planned. Seed quality is characterised by tenderness and is measured in Tenderometer 

grades. During ripening there is a 3-4 grades increase/day. After threshing, the increase is 

faster: 1unit/hour. 

Quality deterioration can be slowed down, if the seeds are artificially cooled 

during the transport from the field to the processing plant. 

The grower must face the dilemma of quality versus yield, because with time the 

quality of the product deteriorates, but the yield increases. In practice, quality has got 

Engine power: 88 kW - - 

 Weight: 8,000kg 2,300kg 1,350kg 
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priority, because the selling price depends on quality rather than on quantity. (If a certain 

number of Tenderometer grades are exceeded, the product gets worthless). 

 

Harvest in three, two and one stages  

In case of the three-stage green pea harvesting technology, the first two stages are 

identical to those of forage harvesting: first mowing the plants into swath, then picking 

up the swaths and transporting them in a pickup trailer.  

In the third stage, the green pea is threshed in a threshing plant, using stable 

threshers. It means that the seeds and the green pea straw are collected at the spot. 

The two-stage technology assumes the existence of a mobile threshing machine 

with an automatic levelling system enabling work on the field. In the first stage, the task 

is still the same, namely the green pea is mowed into swath. In the second stage, 

however, the mobile machine picks up and threshes the swaths. The threshed seeds are 

collected in the hopper of the machine and the straw falls on the ground. 

The one-stage harvesting technology means using a single machine. It mows or 

combs off the pods, leaves and stems, then threshes the green material. The seeds are 

collected in the machine‟s hopper and the straw falls on the ground. 

 

Machines in the three- stage technology 

Mowing the plants into swath is carried out either by special mowers (Figure 

8.18) or by a special mower pickup carried by conventional combine harvesters. To avoid 

losses the pickup unit must follow precisely the soil surface and the fingers of the cutter 

bar must be equipped with vine lifters. The usual stubble–height is 4–6 cm. Figure 8.18 

shows a self-propelled mower machine.  

A few hours after mowing, a special trailer picks up and transports the green 

material to the threshing plant. Pick-up trailers used in forage harvesting can be applied 

in green pea harvesting as well. The mower-loader machines used earlier have lost their 

importance by now. 

Figure 8.19 shows a pick-up trailer.  

 

 

 
 

Figure 8.18 Self-propelled mower in the three-stage green pea harvesting 
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Figure 8.19 Pick-up trailer in the three-stage  green pea harvesting 

 

The harvested green pea on the trailer will be emptied into the hopper of the 

threshing plant which serves as a buffer storage. From there each thresher machine is 

supplied with un-threshed material. The input is regulated so as to maintain uniform 

threshing quality. 

Figure 8.20 shows a stable thresher machine. A regulator can be seen on the front 

of the picture on the right side. Its task is to ensure the even feeding of the thresher.  

   

 
 

Figure 8.20 Stable green pea thresher 

 

The working principle of the stable thresher is explained on Figure 8.20. From the 

hopper (1) the mowed material gets on a conveyor (2) which feeds the thresher. The 

thresher unit consists of an external and an internal rotating drum. The external drum (5) 

is a steel screen with about 1 cm
2
 slots. The internal drum (4) is a cylinder supplied with 

threshing wings (3) on its surface.  

The internal and external drums turn in the same direction at different speeds. For 

the internal drum ni= 200 1/min, for the external ne= 25 1/min. The speed of the internal 

(threshing) drum and the angle of the threshing wings can be adjusted to regulate the 

output of the thresher. The mass flow through the thrasher is ensured by the inclined 

position of the drums in 3 degrees to the horizont.  
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Threshing happens between the two rotating drums while the input material is 

moving through the thresher. The wings of the thresher drum open the pods by hitting 

them. The speed difference between the drums causes rubbing which helps the seeds out 

of the pods.  

Threshed seeds and smaller plant parts fall through the external drum onto the 

long transporting belt (9) which feeds the inclined cleaning apron (7).  It forwards the 

non-rolling parts, but the seeds and unthreshed pods roll back onto the seed collecting 

conveyor (10). The straw leaving the thresher contains a few percent seed. To retrieve 

those seeds, the straw runs through the straw-walker (6), from where the conveyor (8) 

transports it on a stack.  

The seed output of the Hungarian NBC machine is 1.2–2.2 t/hour. 

Figure 8.21 shows a typical threshing plant arrangement. Threshers are used in groups of 

2, 4 or 6.  The green mass mowed on the field is moved into a puffer store (1) which 

supplies the threshers (2).  The seeds are collected on a transversal conveyor (3) which 

transfers them through a sloped conveyor (4) into the cleaner (5). From the cleaner the 

seeds are carried on another conveyor (6) into the seed bunker (7). The straw is also 

collected by conveyors (8, 9, 10). Thereafter, it is chopped and collected in the straw 

bunker (11) or is stacked.  

 

 
Figure 8.21 Green pea threshing plant with 4 machines 

 

 

Loss resulting from threshing consists of un-threshed pods, broken seeds, and 

seeds remaining in the straw. Their aggregate amount is between 6-10%. If the speed of 

the threshing drum is increased, the result will be fewer un-threshed pods, but a higher 

ratio of broken seeds. The impact energy from rotation must be enough for opening the 

pods but not for breaking the seed.  

The maximum allowed peripheral speed of the wings vper can be calculated with the 

following equation: 
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Machines in two-stage harvesting 

The working principle of the stable threshing machine shows that there are two 

elements: the threshing drum and the tilted cleaning apron which must be kept in a stable 

position, otherwise threshing and cleaning will be imperfect. If the machine tilts, the 

straw will run through the drums too fast or too slow (or even return). Due to the tilt also 

the cleaning apron will not work properly. Either the seeds would be transported away 

with the impurities or the impurities would roll back with the seeds. This means that 

working with the stable thresher machine on the field would result in high losses. 

In the two-stage technology the machine must be levelled. Electro-hydraulics used 

from the middle of the 1970s met this requirement.  

The scheme of  electro-hydraulic levelling is shown on Figure 8.22.  

The signal for levelling is given by a pendulum of about 1m long, fixed to the 

frame of the machine, as shown on Figure 8.22. Its head is surrounded by four micro-

switches, one in the front, one behind it, one to its left and one to its right. If the frame is 

in horizontal position none of the switches comes into contact with the head of the 

pendulum. When the machine tilts longitudinally, the pendulum‟s head pushes the front 

or rear micro-switch. The micro-switch closes an electric circuit which opens 

electromagnetic valves. The valves allow the hydraulic fluid to push out or pull back the 

hydraulic cylinders of the wheel frames on both sides until the pendulum returns to its 

vertical position.  

When the machine tilts in transverse direction the hydraulic fluid will be pumped from 

one side to another until the frame returns to the horizontal position. 
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Figure 8.22 The scheme of electro-hydraulic levelling 

 

Figure 8.23 shows the levelling of a harvester machine on longitudinal and 

vertical slopes. 

In the first stage of the two-stage technology, the plants are mowed into swaths 

(see earlier). In the second stage, the mobile harvester picks up and threshes the swaths in 

the field. 

 

 
Figure 8.23 Self-propelled green pea harvesters in levelled position 

 

 Figure 8.24 shows the main parts of a towed green pea harvester machine.   

       

 
Figure 8.24 Main parts and working principle of a towed green pea harvester 

Pick up unit (1), Sloping conveyor (2), External drum (3), Straw walker  (4), Sloping 

cleaning apron (5), Seed collecting conveyor (6), Sloping cleaning apron(7), Horizontal 

conveyor (8), 

Bucket elevator (9), Fan (10), Bunker filling conveyor (11), Pod separator (12), Seed 

bunker (13). 

 

The mass flows through the harvester similarly to the stable machine. Seeds, un-

threshed pods, and broken parts/impurities fallen through the screen of the external drum 

get on the sloping cleaning aprons (5 and 7). From there the seeds and un-threshed pods 

roll down onto the seed collecting conveyor (6). Seeds released from the straw in the 
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straw-walker get also on the same conveyor. At its end, the fan (10) blows the light 

impurities away and the seeds and un-threshed pods fall into the bucket elevator. From 

the elevator the seeds are moved into the bunker by the bunker filling conveyor and pod 

separator. Un-threshed pods are returned to the threshing unit. 

When filled, the bunker can be pushed out sideway and tilted into the transport 

vehicle. The main differences between this harvester and the stable machine are the 

bunker, the undercarriage, a separate diesel engine and the levelling system. 

 

Machines in the one-stage harvesting technology  

These machines mow green pea by a cutter bar or comb it by a picking reel, then 

pick up, thresh, and clean the green mass in the same machine. As harvesting and 

threshing are carried out by the same machine, we may call it a combine harvester. 

When using a picking reel, the picking fingers detach, in addition to the pods, most of the 

leaves but the stems remain on the ground. Because less green mass is picked up, the 

thresher‟s capacity is higher than when harvesting is performed by mowing. 

 

A green pea combine harvester with a picking reel is shown on Figure 8.25. The 

harvester works similarly to the machine used in the two-stage technology: the picking 

unit  consists of the picking reel (1) and the levelling roller (2). The combed material gets 

onto the first sloping elevator (3), then on the thwart conveyors (4). Two more conveyors 

(5, 6) forward it between the external and internal drums (7, 8, 9). The screen drum is 

cleaned by a cylindrical brush from the outside (10). The seeds are moved into the tank 

(17) through the sloping cleaning apron (11), the seed collecting conveyor(12), via the 

bucket elevator (13), the bunker filling conveyor (14) and the pod separator (16).The 

light impurities are removed by the fan (15). 

 

The machine is driven by its front wheels and steered by the smaller, rear wheels. 

The engine is placed behind the driver‟s cabin. 
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Figure 8.25 Main parts of a self-propelled green pea harvester 

 

The latest harvesters are equipped with more than one threshing drums to increase 

the capacity of the thresher. Using more threshing drums forces the green material to go a 

longer distance in the screen drum, thus, it is exposed to more impacts and the rubbing 

surface increases which results in more intensive threshing. 

Some data of two machines in the one-stage technology are shown in Table 8.2. 

 

 

Table 8.2Comparison of one-stage green pea harvesters 

Made: VNBC-F (towed) BK-3F (self propelled) 

Working width: 1 path  3 m 

Speed limit: 1.1-1.8 km/h 1.2-1.9 km/h 

Area performance: 0.3-0.5 ha/h 0.4-0.8 ha/h 

Mass flow (threshed peas): 0.8-2.5 t/h 2-3 t/h 

Tank size 0.8 m3  1 m3  

Engine power: 75 kW 120  kW 

 Weight: 9.6 t 13.5 t 

 

8.3.3 Green bean harvesters 

Although the quality of mechanically harvested green bean meets the 

requirements of fresh market product, most of it is canned or deep-frozen. 

Picking fingers detach the pods from the vines. The elastic fingers made of spring steel 

are fixed to the picking reel. When the machine moves forward the elastic fingers of the 

rotating picking reel extend into the bean bushes and pick off the pods by their pedicle 

(see Figure 8.26). Together with the pods, leaves and broken vines are also detached.  



 224 

The fingers with a high peripheral speed (4–5.5 m/s) forward the detached material onto a 

belt conveyor. The cover above the reel helps forwarding. The machine‟s powerful 

suction and blowling fans remove leaves and other field debris. Mechanical sorters help 

to separate the detached pods from other plant parts. Beans are collected in tanks or on a 

trailer. 

 

 
Figure 8.26 Interaction between the steel finger and the green bean pod  

 

Specialities of the vegetation in mechanical harvesting 

Even bush height and hanging type pods are preconditions to effective combing. 

The appropriate varieties have straight, cylindrical pods. Dense population is needed to 

hold up the bushes during pod detachment and to catch the pods flying out from beneath 

the picking reel cover. The minimum row distance is limited by the type of harvester 

machine (see later). The plant must be firmly attached to the soil, the pods have to be 

different in size and shape from the leaves and stems, and they must have a curved 

pedicle. Soil surface must be even to prevent the fingers from touching it.  

 

 

Main parts of the green bean harvesters 
All machines consist of a picking reel, with cover above it, of cleaning system, 

and of forwarding and collecting units. 

 

Picking reel 

It consists of a  cylinder with picking fingers fixed to the surface of the reel. 

(Figure 8.27). The distance between the fingers is generally 5–6cm, the length of the 

them is 21-5cm, the diameter at the tip of the fingers is between 50-70cm.  

The maximum peripherical speed of the combing fingers should be around 4 -

5.5m/s for a forward speed of approximately 0.5 m/s. 
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Figure 8.27 Picking reel with picking fingers. The cover is in open  

 

Depending on the picking reel‟s relative position to the direction of the rows, we 

may distinguish between longitudinal and transversal picking units (Figure 8.28).  

The longitudinal reel runs parallel to the plant row; it picks one row at a time. It is set in a 

tilted position with its front higher than its back (Figure 8.29).  Accordingly, the combing 

of the plants starts from the top resulting in fewer bunches and broken pods. This means 

higher product quality. The disadvantages of this arrangement are that productivity is 

lower and the investment costs are relatively high. 

 
 

Figure 8.28 Longitudinal and transversal picking units 
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Figure 8.29 Side and front view of a green bean harvester with longitudinal picking unit 

 

Depending on the length of the reel, harvesters with transversal frontal picking 

reel can comb many rows at the same time. This leads to higher productivity and reduced 

costs. 

In this case, however, the fingers comb the plants from the bottom to the top. The fingers 

must pass through the whole plant. As a result, many bunches will be detached. 

Sometimes even whole plants are pulled out.  Because the pods at the bottom must get 

through the whole plant before being forwarded onto the conveyor belt, they often 

contact the fingers. That is the reason for the many broken pods when using this 

harvesting technology (Figure 8.30). 

 

 
 

Figure 8.30 Self-propelled green bean harvester with a transversal picking unit, 

supplied with a sloping belt 

 

 

The cover of the picking reel 

 

The task of the cover in front of and above the picking reel is to guide the 

detached pods into the machine. Figures 8.29 and 8.30 show their position on the 

machines with longitudinal and transversal reels.  

The front edge of the cover on the machines with a transversal reel largely 

influences the extent of loss. If the edge is positioned too deeply, although the loss 

decreases, the plant is pushed forward creating an unfavourable position for combing. 

If the edge is lifted too high, many pods will be released below it.  
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To improve the work quality of the machines with a transversal reel, either air 

blow, or a sloping belt, or a rotating brush is placed in front of the cover. These elements 

turn the top of the plants in front of the combing reel with a speed higher than the travel 

speed. Now, the combing starts from the top and results in fewer broken pods (see Figure 

8.30). 

 

Cleaning system 

 

The task of the cleaning system is to separate all detached plant parts from the 

single pods, including bunches. 

Bunches are those detached parts of the plant which consist of at least one pod 

and other plant parts (stalk and/or leaves). 

The cleaning units in the machine can be sieve conveyors, bunch remover aprons, 

in some cases, bunch cutters, and suking and blowing fans. 

The slot between the elements of the sieve conveyors is no more than 5mm. It has 

to eliminate eventual small soil and plant parts. The suking and blowing fans remove all 

the detached plant parts, except for the pods and bunches. In each case, it is possible to 

control the air speed. It must be carefully set to avoid the removal of the pods.  

The bunch remover has to separate bunches from the individual pods. Bunches 

must be removed because they would cause difficulties in the processing technology.  

A bunch remover consists of tilted aprons with steel nails on the surface. The 

length of the nails is 10-12cm and the distance between them is about 15cm. 

Figure 8.29 illustrates their working principle. The whole combed mass is moved 

onto the bunch remover (4) which transports it upwards. The individual pods fall between 

the nails onto the pod collecting conveyor (7), while the bunches are forwarded upwards. 

If there is another bunch remover, it receives all bunches from the first unit and separates 

them again from the individual pods. Finally, all bunches left on the second unit fall on 

the ground.  

Some earlier machines were equipped with bunch cutters. A bunch cutter consists 

of a sieve conveyor with large, 10cm wide gaps and a cutter bar underneath (Figure 8.29, 

5). The bunches fall on the sieve conveyor from the last bunch remover. Those which 

“sit“ on the rods of the conveyor are transported to the cutter bar which cuts off the pods. 

Other bunches fall simply through the gaps to the ground.  

 

Collecting the harvested product 

 

In most cases, the individual bean pods going through the cleaning system are 

collected in the hopper of the harvester machine. Typical capacity is 2-4 t. After being 

filled, they can be tilted and emptied into a transport vehicle.  

Because of its high prize the self-propelled bean combine harvester on Figure 8.30 

is economical if used on plantations above 300 ha. In most cases, the processing industry 

or partnerships own these machines.  

Table 8.3 includes the main characteristics of a bean plantation before harvesting 

as well as the quality parameters of the harvested lot. 

 

Table 8.3 Main characteristics of a bean plantation before harvesting 
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 Measured value 

Total green mass 30-38 t/ha 

Yield 14-21 t/ha 

Harvested mass 10-14 t/ha 

Harvested unhurt pods 65-80 % 

Pods with minimal damage 10-24 % 

Impurities  1-4 % 

Soil residues  0-0.4 % 

 

Table 8.4 compares two green bean harvesters with transversal picking reels. 

 

Table 8.4 Main technical data of two green bean harvesters 

Make: Pixall Ploeger 

Type: Beanstalker BP-700 

Harvested width 3.05 m 3.1 m 

Speed range: 0.....35 km/h 0.....24 km/h 

Mass flow: 6.....7 t/h 6....7 t/h 

Tank capacity: 3.6 t 2.3 t 

Engine power: 106  kW 157 kW 

Weight: 10.3 t 10.5 t 

 

 

8.3.4 Mechanical harvesting of onions 

The basis for the development of the first onion harvester was the potato harvester 

machine. The task is similar: the vegetable must be picked up from the soil, then it must 

be sieved, weeds and haulm must be removed, and finally it must be poured into the 

bunker-hopper. 

In some cases, before harvesting the vegetation must be topped. 

Some harvesters are able to pick up onions grown in one and two years (one-year 

technology: from early seeding to harvesting everything is carried out in the same year. 

Two-year technology: seeding and harvesting seed onion in the first year, harvesting 

whole size onions in the second year).  

Harvesting can be carried out in one or two stages. Harvesting in one stage means 

digging, pre-cleaning, and forwarding the onions into the bunker-hopper or on the 

transport vehicle.  

Harvesting in two stages means digging, pre-cleaning and windrowing in the first 

stage, sieving, weed and haulm removing, and forwarding in the bunker-hopper or on the 

transport vehicle in the second stage. Between the two stages the onions dries on the fied  

to enable their long term storage. 

 

Specialities of the vegetation for mechanical harvesting  

Onion is grown on flat arable land or on ridges (in Hungary 1.6 m wide).The 

usual distance between plant rows is 25–30 cm, between the plants 8–12 cm. Soil surface 

should be flat, without clods and weed. Harvesting should possibly start when the stems 

are already dry (in this case topping is not needed). 

 



 229 

Main parts of the onion harvesters 

Some of the many harvester types are suitable for working only in the one or only 

the two- stage technology. Others are able to work in both technologies.  

However the main parts of all onion harvesters are similar and are applied on all 

machines.  

 

Cutting-forwarding unit  

 

In both technologies the first step is to dig out the onion from the soil. To avoid 

damage, a certain amount of soil is dug up as well. That is the reason for using a cutting-

forwarding tool which can cut below the roots of the plants. Rotating flat discs, spherical 

discs and rotating square axles are used for this task. 

Spherical discs are used in the two-stage harvester shown on Figure 8.31. For each plant 

row a spherical disc (1) is fixed separately on the V shape frame (2), which enables the 

following of the soil surface individually. The spherical discs turn out the onions from the 

soil and windrow them.  

          

 
 

Figure 8.31 Spherical discs as cutting-forwarding units 

 

Rotating square axles are also able to lift the onions out of the soil (Figure 8.32). 

Their main parameters are the edge size of 35-40mm, and the peripheral speed of 70–75 

m/s. The unit shown on Figure 8.32 with the indicated direction of turning digs the 

onions continuously out of the soil. Because of its high towing resistance they are used 

mainly in ridges. 
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Figure 8.32 Rotating square axle as cutting-forwarding unit 

 

Sieve conveyors 

In both harvesting technologies the picked up soil must be separated form the 

harvested lot. For this purpose sieve conveyors are used with 25 mm gaps. 

 

Swath laying tools  

In case of the two-stage harvesting technology, in the first stage the onions are 

laid in swath.  Before laying the onions on the ground, the soil surface is levelled with a 

leveller plate. This makes work easier in the second stage when onions are picked up. 

(Figures 8.31, 4 and 5). 

 

Pick up unit 

In case of dry, hot weather in the two-stage harvest onions are picked up off the 

soil only after a few days. During this time the leaves of the onions dry out so the product 

is protected from external contamination. The machine parts used for picking up onions 

from swath are basically the same as used for digging (Figure 8.33).  
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Figure 8.33 Machine used for picking up the onions from the swath 

 

 

Cleaning tools 

 

The onions picked up travel again on the sieve conveyor, then air cleaning and, if 

necessary, the manual removal of damaged and ill product follows.  

In addition to the already mentioned sieve or bar-chain conveyor which removes 

the soil, a fan with blowing air flow and counter-rotating rollers which strip the dry stems 

and also the weeds off the onions, are the most commonly used cleaning units of the 

harvesters.   

  The fan is placed underneath of the upper end of the sieve conveyor so the air 

flow crosses the harvested onion mass-flow in the air before arriving on the discharge 

elevator.  

The counter-rotating rubber rollers are placed so as to trap the flying long and thin 

plant parts, like weeds. The rollers sever these parts from the rest of harvested mass by 

pulling them. They also catch the onion stems, and - based on the different diameters of 

the stem and the onion - they strip off only the stems.  

De-stemming of onions can be carried out by an inclined surface made up of 

rubber rollers or helix-shaped structures attached to the rollers. Here also the rollers trap 

the long and thin leaves of the onions, and sever them from the onion by pulling.   

The manual removal of damaged and ill product is done while the onions are 

transported by an oscillating sieve. 

As a result of these cleaning steps the onion is ready for long term storage under 

controlled air conditions.  

The machines on Figures 8.31 and 8.33 show examples of the elements in the 

two-stage technology. In the first stage the spherical discs connected to a frame in front 

of the tractor dig out the onions. Behind the tractor a sieve conveyor (3) lifts the onions, 

sieves the soil, and levels the ground (5), then lays the onions back on the ground (4) in 

swath.  
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The machine in the second stage of the two-stage harvesting technology performs 

the following steps:  

It lifts, sieves, cleans and, discharges the onions. The workers standing at the 

oscillating sieve are separating clods and damaged/ill onions. 

The discharge elevator forwards the onions to a trailer towed by a tractor moving 

beside the machine.  

 

       

 
 

Figure 8.34 Onion harvesting machine for one and two stages 

 

 

Machines used in the one-stage technology are generally able to harvest also in 

two stages. However if the machines suitable for the one–stage technology are to be used 

in the two-stage technology, some modification must to be made. If the cutting-

forwarding unit is a pair of flat discs and is to work in the one-stage technology, it must 

run deeper in the soil. After sieving and cleaning the onions it discharges them on a 

trailer.  

In case of the two-stage technology, in the first stage the rotating flat discs run 

less deep and a chute replaces the discharge elevator so after levelling the soil surface the 

onions are laid down on the ground in swath. 

In the second stage the discs are running less deep and a discharge elevator fills 

the trailer.  

  To change from the one-stage technology to the two-stage technology, the 

discharging conveyor is turned 90
0
 along a vertical axle. Figure 8.34 shows an onion 

harvester in both, one- and two-stage harvesting position. 
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Table 8.5 contains the main parameters of a harvester machines line for two-stage 

technology.  

 

 

Table 8.5 Technical data of an onion harvester in two stages 

Made: TRIO-I (1. pass) TRIO-II (1. pass) TRIO-III (2. pass) 

Width of harvest: 1.8 m - 1.3 m 

Mass flow: 14-20 t/h 14-20 t/h 20-24 t/h 

Tractor power: 57 kW 57 kW 57 kW 

Weight: 570  kg 540 kg 3100 kg 

 

 

8.3.5 Mechanical harvest of cucumber 

The problem of mechanical harvesting of cucumbers destined for both fresh 

produce markets and processing was technically solved decades ago. It is not the 

technical imperfection of the machines which lead to the fact that mechanical cucumber 

harvesting is used less and less. The main problem is the uneven ripening of the 

cucumbers. Due to the once-over technology significant yield might be lost, including the 

most valuable smallest cucumbers, the picklings.   

All once-over cucumber harvesters work according to the following method: 

• lifting the plants lying on the ground, 

• cutting the roots below the ground surface, 

• picking up the plants and transporting them to the stripping rollers, 

• impurities will be blown away by air flow, and 

• cucumbers are collected on a trailer or in containers  

 

 

Specialities of the vegetation in mechanical harvesting 

As the plants are lying on the ground the soil surface should be flat and without clods. 

Genotypes with high yield should be selected. A twin row distance of 20–30cm and 90 

cm, a plant-to-plant distance of 10 cm in the row is recommended. This results in a plant 

number of about 200,000 per hectare.    

Weeds with woody stems can cause trouble both for the cutting and stripping 

elements of the machine. Losses due to the once-over harvesting can be compensated for 

by second and third seedings.  

 

 

Main parts of the cucumber harvesters 

 

Plant lifting unit  

Cucumber vines lying on the ground can be easily lifted. For this purpose a steel-

finger pick up roller (Figure 8.35) and a pair of corrugated rubber belt pick up conveyors 

(Figure 8.36) are used. Whichever is used, the most important criteria is to move the 

plants without damaging the cucumbers.  

 

Stem cutting unit 
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It cuts the lifted vines under the soil surface. Passive blades, cutter bars or swinging 

blades are used for this purpose. Passive blades can be used effectively only in flat soil 

without weeds. If the blades meet the woody weeds above the ground, they may pile up 

in front of tham blocking the further work.  

 

 

 
 

Figure 8.35 Cucumber harvester with cutter bar and steel finger pick up roller 
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Figure 8.36 Cucumber harvester with passive blades and corrugated rubber belt pick up 

 

 

Plant forwarding unit 

Any conveyor belt which handles the cucumbers gently is appropriate for forwarding the 

plants from the lifting unit to the stripper. In the machine VU the plants are transported 

between the two soft corrugated conveyor belts. 

 

Stripping unit  

Cucumbers are detached from the vines by pairs of high-speed rubber stripping rollers. 

The rollers in each pair turn opposite to each other. They catch the vines or leaves and 

pull them in. As the cucumbers are much thicker than the vines, they split off the vines. 

The vines and the leaves exit the machine after passing through the rollers. Stripping 

rollers can be arranged both horizontally and vertically. The main parameters of the 

rollers on the harvester VU are the following: diameter: 80mm, peripheral speed: 4.5 m/s. 

If long stem weeds wind around the rollers, they will be stuck there. This breaks down 

the roller unit. By duplicating the rollers this problem can be avoided.  

 

Cleaning of the harvested lot 

Due to the pick-up technology no soil or clod fraction is to be expected. Fans blow 

and suck away light impurities. The fan underneath the stripping unit also helps to the 

plants and the rollers to meet.      
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Figure 8.37  Forces acting on the stem of the cucumber and the stripping rollers. 

 

Collecting the harvested cucumbers 

In the machine the detached cucumbers fall on the discharge elevator and from 

there either in the machine‟s hopper or into a towed trailer.  

Figure 8.38 shows the Hungarian made VU cucumber harvester in work. The 

harvested product is forwarded into a trailer running parallel to the harvester.  

 

 
 

Figure 8.38 Cucumber harvester with passive blades and corrugated rubber belt pick up  

  

Table 8.6 shows the Hungarian cucumber size standard. 

The main technical date of two cucumber harvesters is shown in Table 8.7.  

 

Table 8.6 Size standards in Hungary 

Size Length (cm) Thickness (cm) 

A 3–6 Till 2 

B 6–9 Till 3 
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C 9–12 Till 4 

D 12–14 Till 5 

E above 14 Till 7 

 

8.7 Main technical data of two cucumber harvesters 

Made VU Porter-Way 

Stem cutting unit passive blades cutter bar 

Vine lifting unit 
corrugated pick up 

conveyors 
steel finger pickup 

Stripping unit vertical rollers horizontal rollers 

Working width (m) 1.1 2.0 

Area flow (ha/h) 0.2 0.3–0.5 

Working speed (km/h) 1.5–3.0 1.5–3.5 

Mass (kg) 2,300 2,400 

Tractor power demand  

(kW) 
37 37 

Main power demand 1 tractor driver 
1 tractor driver + 1 

operator 

 

 

8.3.6 Mechanical harvesting of root vegetables 

 

The technologies described below are for harvesting carrot, parsley, parsnip, 

radish, and root celery. 

Two basic methods are applied: 

• Digging and elevating 

• Pulling by the leaves 

 

In both cases the following actions are needed: getting the plant out of the soil, 

removing its leaves, clearing the roots from the soil, collecting the roots in a trailer. 

   

Specialities of the plantation in mechanical harvesting 

For both methods an even surface is needed where the soil is loose and without 

stones. In most cases root vegetables are grown in ridges, the preparation of which needs 

special tools. Seeding must be carried out in uniform depth to achieve uniform growth. 

For the pulling type harvesting the plantation should be free of weeds, the plant rows 

must be straight, and a row distance of at least 30cm is necessary. For those root 
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vegetables which are harvested by the pulling method, the aerial portion must be healthy 

and strong enough.  

 

The harvesting technologies 

 

Digging and elevation harvesting 

The method comes from the potato harvesting technology. In the first stage, 

leaves are stripped and cut, using a mobile chopper, a flail wheel or saw discs (Figures 

8.39 and 8.40). The chopped material is forwarded to an auger. The auger transports the 

leaves to the side of the machine. 

 

 
 

Figure 8.39 Mobile chopper in leaf stripping 

 

 
 

8.40 video Leaf stripping with flail wheel and saw discs 
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In the second stage the digger spades or the discs of the harvester machine lift the 

roots together with a certain amount of soil and forward them to the sieve conveyor 

(Figure 8.41). For breaking the clods a pair of air-blown rubber rollers can be used. The 

clods and roots travel through the gap between the rollers. The roots get through 

undamaged, while most of the clods break during passage. Afterwards, the remaining soil 

falls on the ground through a second sieve conveyor. The process continues with work by 

an inclined cleaning apron with small rubber teeth on its surface. Impurities such as 

weeds and leave residues get stuck in the teeth, while the roots roll back on the discharge 

elevator. Finally they are collected in a tractor-towed trailer.   

One of the advantages of this harvesting technology is that a normal potato harvester can 

be applied. Another benefit is the ability to harvest at least two rows at the same time. 

Also, harvesting is less weather-dependant. 

Its disadvantage is that the headed and partly broken root vegetables are not suitable for 

storage, but they have to be processed iImmediately. A potato harvester used in carrot 

harvesting is shown on Figure 8.42. 

  

 

 
 

8.41 video Digger spades and discs lifting roots off the soil 

 

   



 240 

 
 

Figure 8.42 Potato harvester in carrot harvesting 

1. steel plates in V arrangement to dig out the roots, 2. vibrating grill to clean and 

transport the roots, 3. rubber rollers breaking clods, 4. vibrating grill to clean and 

transport the roots, 5. and 6. carriage filling belt 

 

Pulling harvesting 

Harvesting according to the pulling principle is a one-stage technology (Figure 

8.34). The machine can be towed or self propelled. The main parts of the harvester are: 

the pulling belts (2) which catch the leaves and lift the plants; the guiding cones (3), 

which guide the leaves in-between the belts; underneath the belts a subsurface coulter (1) 

loosens the soil in the lane of the roots. The coulter has an inclined and deep enough 

position so as not to damage the roots.  

 

   

 
 

Figure 8.43 Main parts of a pulling type harvester 

1. subsurface coulter loosens the earth in the plant row  

2. two parallel belts pull out the plants 

3. guiding cones on both side of the row to lift the leaves of plants  

4. stem removal unit  

5. belt to transport the removed stems to the side  

6. belt to transport the carrots to the rubber tees belt (10) 
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7. rubber plate to direct the mass flow of  roots 

8. stem selector rubber roller 

9. slide for the stems 

10. rubber tees belt 

 

 

In order to being able to pull the roots in a vertical direction, the speed of the 

pulling belts and the ground speed of the harvester must be coordinated. The appropriate 

relation between the two speeds is achieved when the horizontal speed component of the 

pulling belt is equal to the ground speed in the opposite direction.  

At the upper end of the belts, a pair of topping implements (counter-rotating bars 

or rotating disks) is placed to remove the tops (4). The counter-rotating bars pull in and 

break the leaves, leaving them 1.5–2 cm behind. This residue protects the roots from 

desiccation and infections during long term storage (Figure 8.44).  

The leaves fall then on a transversal conveyor (5), the roots travel on a sieve conveyor (6) 

to a rubber finger belt (10). This latter belt has to remove small impurities and to clean 

the surface of the roots. Weeds get between a fork (7) and a rubber roller (8) forwarding 

the weeds on the plate (9) which moves them to the ground. Roots rolling back from the 

belt (10) get on the discharge elevator (11). 

 

 
 

Figure 8.44 Counter-rotating topping implements 

 

The harvesters available on the market are made for harvesting one, two or thee plant 

rows simultaneously.  Harvesters harvesting two or three rows are equipped with two or 

three pulling and topping implements. Table 23 contains the main technical data of some 

pulling type root vegetable harvesters.   

 

Table 8.8 Main data of two pulling type root vegetable harvesters 

Made E–825 ASA-LIFT 
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Rows harvested 2 3 

Distance of rows (mm) 350–500 450–500 

Forward speed (km/h) 3.6–6 2.7–4 

Area capacity (ha/h) 0.15–0.2 0.4–0.5 

Mass (kg) 4,200 5,800 

Power demand (kW) 59 (tractor) 70 (self propelled) 

Manpower demand 
1 tractor driver + 1 

operator 
1 driver + 1 operator 

 

 

 

 

 

 

 

 

 

 

 

8.3.7 Mechanical harvest of leaf vegetables 

 

Leaf vegetables, like cabbage, lettuce, Brussels sprouts, celery, broccoli, 

cauliflower, and artichokes can be harvested by cutting or by pulling the stalk off. Both 

are once-over technologies.  

In case of cabbages and lettuces attempts were made also for performing selective 

harvesting according to the size or hardness of the plant head. These will be discussed in 

the subsection on the mechanical harvesting of lettuces. In careful agro-technology, the 

plants grow uniformly, and both harvesting technologies mentioned above can be 

economical and of good working quality.  

 

Specialities of the plantation in mechanical harvesting 

In harvesting leaf vegetables with the pulling method straight plant lines  and a flat soil 

surface ares needed. Because of the once-over harvesting the plants should be the same 

size.  The distance between the rows (450–550 mm) is determined also by the size of pick 

up unit.  

 

The two harvesting technologies 

 

Harvesting by cutting the stems 
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This technology starts with guiding the leaves between the driving belts. These 

hold the plants during the time the stems are cut. All the stems are cut at the same height 

above ground. Different separating devices may follow, like the separating roller sorting 

according to size. Thereafter, the plants get on the discharge elevator. 

In case of cabbages the mechanically harvested plant can be fresh marketed, 

processed or stored. If harvesting is done by cutting the stems above the ground at the 

same height stalks with different lengths will remain on the heads. This produce is not 

appropriate directly for the fresh market. 

 

Harvesting by pulling the plants off the soil 

This technology is applied mainly in cabbage harvesting. The reason for pulling 

the heads off before cutting is to achieve uniform stalk lengths remaining on the 

cabbages. Here the heads are pulled off the soil by two inclined belts and guiding edges 

or helix-shaped cylinders. As the coulter bar is in a stable position relative to the pulling 

elements, all cabbages will be un-stalked uniformly.    

 

Main parts of the harvester 

The machines collect the cabbages in a bunker or discharge them in a trailer.  

One or two-row harvesters are on the market. Special parts of the machines are the   

• pulling and cutting,  

• cleaning, and  

• discharging units. 

Pulling and cutting unit 

Vertical pulling of the plants can be achieved by a pair of inclined belts or by two 

counter-rotating helix-shaped cylinders. In case of cylinders the cabbages are transported 

on the surface of the helixes. Similarly to the pulling type carrot harvesters, the horizontal 

transporting speed of the belts or cylinders must be the same as the ground speed, but in 

the opposite direction. As the vertical speed components compensate each other, the 

remaining vertical speed component of the transporting element pulls the plant off 

(Figure8.45).  

The transporting speed of the helix-shaped cylinders is the product of the speed 

and the pitch of the helix. 

Above the pulling elements a rubber-grid conveyor runs with the same 

transporting speed as that of the pulling elements. Its task is to hold the cabbage heads 

during cutting and  transport them to the cleaning unit.  

The stalks are cut by a rotating or alternating knife which is placed underneath the 

guiding edges of the belts or between the helixes.   
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Figure 8.45 Pulling belts of a cabbage harvester  

 

     

 
 

Figure 8.46 Cabbage harvester with counter-rotating helix-shaped pulling cylinders 

 

Cleaning and selecting 

In case of cabbages, cleaning means the removal of the loose external leaves. On 

some harvester machines the cabbage heads travel on a series of counter-rotating rubber 

rollers which tear off the leaves. For sorting by size a soft roller is used above the 

conveyor belt in the machine. It diverts the normal size heads and lets the small ones 

through which then get back to the ground.  

Workers on the machine select and remove damaged cabbages.  

 

Discharge elevator 

According to experience cabbages are sensitive to impacts. Such impacts damage 

the cabbage internally, deteriorating the product. That is the reason why special 

discharging units are used on the harvesters. 
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The solutions for soft discharging include sinking of the discharging elevator in 

the trailer as much as possible to decrease the dropping height and slowing down the 

dropping speed of the cabbages before they drop into the bunker or trailer. 

One of the operator‟s tasks on the machine is to sink the elevator into optimal 

position.  

In order to slow down the dropping speed of the cabbages before they get into the trailer, 

the cabbage heads get in between a conveyor belt and a rubber-net conveyor, both 

running at reduced speed.  

Figure 8.47 shows a pulling belt type harvester machine. In the front two guiding 

cones (1) lift the cover leaves. The runts are caught by the two belts (2), are pulled out, 

and are transported into the machine. The cabbages slide on two rails (3) while the 

coulter bar (4) cuts the runts to uniform length. The heads are then forwarded on a 

conveyor belt (6) with the help of the rubber grid belt (5). Finally they are discharged (7) 

into a trailer. 

The operator in the cabin (8) corrects the position of the harvester relative to the 

tractor to run exactly above the plant row and also sets the discharge position.  

         

 
 

Figure 8.47 Pulling belt type harvester cabbage machine 

1. gliding cones, 2. parallel belts for pulling out the roots, 3. gliding rails, 4. rotating 

knives for cutting the roots, 5. rubber grid belt, 6. cabbage transporting belt, 7. discharge 

elevator 

 

Video 8.48 shows a one-row pull-type cabbage harvester in work. 
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Video 8.48 One-row pull-type cabbage harvester in use 

 

The main data of towed cabbage harvesters is shown in Table 8.9. 

 

Table 8.9 Technical data of two pulling type cabbage harvesters 

Made MSZK–1 E–804/A 

Pulling element helix-shaped cylinders  belts 

Rows harvested  1 1 

Working speed (km/h) 2–3 2.5–3.5 

Area output (ha/h) 0.1–0,15 0.1–0.2 

Mass (kg) 2,125 2,100 

Tractor power demand 

(kW) 
37 37 

Man power demand 
1 tractor driver + 2 

operator 

1 tractor driver + 1 

operator 

 

 

 

 

8.3.8 Mechanical harvesting of red (chili) pepper 

 

Although the problem of mechanical harvesting of red chili pepper is solved, the 

harvested area is only a small part of the growing area. The reasons for this are the 

following. 

The mechanically harvested volume contains damaged peppers which cannot be stored 

naturally. It means that artificial drying is needed, which is expensive. Also post-ripening 

is missing which leads to lower quality of the end product.  

When red peppers are near their biological ripeness they are easily detachable. By 

bending and pulling the pedicle the pepper breaks off.  

Picking units work with the    

- combing method (reel or band)  

- breaking method (swinging rod or helix-shaped open cylinders) 

 

Combing reel and belt 

 

With minor conversion most of the green bean harvesters become suitable for 

harvesting peppers. In case of the Hungarian FZB only the combing reel must be 

changed. The edges of the fingers on the reel for pepper are covered by plastic knobs to 

reduce damages (Figure 8.49). 
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In the USA, experiments were carried out with combing belts and helix-shaped 

open cylinders (Figure 8.50). Their disadvantage is the low area performance; each unit 

can harvest only one row at a time. 

 

     

 
 

Figure 8.49 The edges of fingers on the reel in pepper harvesting 

 

Breaking off peppers using helix-shaped open cylinders  

The helixes lift the peppers periodically starting from the bottom of the plant. The 

sloping position ensures that breaking-off is done from the button to the top (Right in 

Figure 8.50). 

      

 
 

Figure 8.50 Combing belts and helix-shaped open cylinders in red chili harvesting 

 

Mechanisation of green pepper harvesting 

Green peppers are biologically unripe, so their detachment needs significant force. 

In Hungary experiments were run with elastic finger reels (Figure 8.51). As the harvested 

material contained many damaged and un-detached peppers, the attempt was considered 

unsuccessful.  
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Figure 8.51 Experimental green pepper harvester and the harvested material 

 

8.3.9 Mechanical harvesting of lettuces 

Once-over mechanical harvest of lettuces is only economical, if the plantation is uniform, 

meaning the plants are uniform in size and thickness.  

One of the one-stage lettuce harvesters is shown on Figure 8.52. A fan (1) sucks 

air through a rolling screen drum (2)(3) and a section of the screen drum (4). Underneath 

the screen drum a coulter bar (5) cuts the runts of lettuces.  As a result of the sucked air, 

the cover leaves stick to the screen drum as long as the vacuum exists. Leaving the 

section of the screen drum (4) the vacuum ends and the heads are released and dropped 

on the conveyor (6). A rubber grid belt (7) helps in forwarding them onto the discharging 

unit (8). The tractor towed machine leans on the wheel (9). 

     

 
 

Figure 8.52 Machine in once-over harvesting of lettuces 

 

For green leaf salads the band-sow blade cutting technology is widely used. The self-

propelled machines cut the runts above ground and transport the whole bed into the 

machine where the plants will be put into crates or boxes or discharged on a transport 

vehicle (Figure 8.53).  
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Figure 8.53 Front and rear view of a green leaf salad harvester machine 

 

 

8.4 Harvesting selectively 

 

Attempts were made to harvest, among other vegetables, lettuces selectively. The 

parameter for selective harvesting was either the size or the thickness of the heads. 

According to these, the selective harvesting tools were  

• mechanical sensor units, or 

• Gamma or X-ray sensors. 

In addition to selecting the right lettuce heads, a special solution is needed for selective 

cutting and lifting. One possible solution is shown on Figure 8.54. It consists of a 

(1) mechanical sensor, (2) coulter bar which cuts only the appropriate heads, (3) pair 

of elastic spoke discs which turns synchronously with the forward movement. It 

catches only the cut heads and lifts them, (4) the head releaser mechanism frees the 

lettuces and lets them fall on the discharging belt (5). 

 

 
 

Figure 8.54 Selective lettuce harvesters, one with a mechanical (left), one with an X-ray 

sensor 
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8.5 Robots in the harvest of horticultural products 

 

Electronics are widely used also in the harvesting technologies of horticultural 

products. 

Many projects deal with the automation of harvesting, using robotics. Unlike in 

industries where industrial robots are used, in horticulture robots have to detach moving 

(swinging due to the wind) products with different colors at changing illumination and 

weather conditions.   

In fruit harvesting there are already robots available for harvesting apple and 

oranges. Although they are performing well, for economic reasons, it will still take 

considerable time until their use becomes wide spread. 

There are robots in harvesting greenhouse products, like tomato, pepper, 

cucumber, strawberry, and also mushroom.   Because of the product concentration and 

the homogeneity of working area, the use of robots is more economical.  

In most cases, the working principle is based on image processing. The main steps 

carried out by the robots are as follows: 

 a video camera scans  the working area and stores the pictures made, 

 digitizing the pictures pixels can be achieved with colour and saturation 

information, 

 using image-segmentation techniques, clusters of pixels with uniform 

information are created,  

 decision is made according to the size and/or colour of the clusters whether 

they can be regarded as a product to harvest, 

 for the purpose of identifying the location of a product, its x,y and z coordinates 

are calculated, and 

 processing the coordinates the actuator of the robot picks the product  

 

To enable harvesting with robots, in most cases the production system must be 

adapted to it. Figure 8.55 shows a robot harvester for strawberry as well as the growing 

system of the plant. 

 

 
 

Figure 8.55 Robot in harvesting strawberries 
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9. Fruit harvesting technologies 
 

When harvesting fruits either manually or by machine, three types of activities are 

carried out:  

 detaching the fruit  

 collecting the detached exemplars in appropriate facilities, and, finally,  

 transporting the collected fruit first to a bigger collecting unit, then to the 

gathering plant.  

 

Detachment in general is the actual separation of the harvested portion of the 

plant. Together with hand picking or detaching, tasks related to  

• controlling,  

• cleaning, and  

• selecting are also carried out.  

 

Depending on whether picking is done by hand or by machine, we can speak of 

manual and mechanical harvesting. 

Another distinction can be made depending on the type of the plant on which the 

fruit grows. For harvesting field fruits, fruits from bushes and from trees, different tools, 

aids, and machines are available. 

 

9.1. Harvesting manually 

9.1.1. Harvesting by using tools 

In the course of conventional manual harvesting, several tools and mechanical 

aids are used.  

The tools used in the field are collecting facilities and seats which make the 

workers‟ position during picking more comfortable. For the purpose of collecting delicate 

fruits like strawberry, flat containers are recommended. Those may get directly on the 

shelves of supermarkets. The wheel seats shown on Figure 9.1 are designed for manual 

picking. 
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Figure 9.1 Wheel picking seat  

 

The tools used for manual picking bush and tree fruits are also simple ones. These are  

 collecting facilities, such as buckets, sacks, crates, chests or cases, bins, 

containers, seizers, etc., 

  platforms and stands of different sizes, and  

 ladders. 

  

Figure 9.2 shows a typical picking bag for delicate fruits. The inside of the metal 

frame is lined with a soft robber layer which prevents damage to the fruit. A hollow sac is 

attached to the frame which is made either of resistant woven material or of PVC. The 

bottom end of the sac is lifted and fixed to the frame during picking. The fruit is emptied 

through the sac into the container. This method avoids any impact on the fruits during 

emptying.  

 

   

 

Figure 9.2 Fruit picking bag in use during filling and emptying 

(Courtesy TYROLBOX) 
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Manually harvested fruits from smaller containers (buckets, sacks, crates, picking 

bags, and the like) are then moved mainly in pallet bins. These units come in 

internationally standardised sizes, hence are versatile and fit into all means of transport 

and are rechargeable.     

 

The platforms and stands used during fruit harvest can be classified according to 

their different picking heights. Figure 9.3 shows the area which an average-sized 

harvester person can reach.  According to this Figure, the height which can be 

comfortably reached from the ground is between about 0.75 and 2.25 meters. In this case 

low stands can be used, which are only to hold the collecting facilities in a comfortable 

position (Figure 9.4).  

 

 

Figure 9.3 Main geometry of the hand pickers 
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Figure 9.4 Low stand 

 

Medium-height stands (Figure 9.5) are for picking fruits from heights between 2.25 

and 3 meters. Those have platforms both for standing on and holding the bin. 

      

Figure 9.5 Medium-height stand 

 

From high stands (Figure 9.6) workers reach fruits which are not higher than 4 meter 

on the tree.  
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Figure 9.6 High stand 

 

In some special cases (i.e. harvest of tropical fruits), super high stands (Figure 9.7) 

may be needed. Their height can be varied to a great extent. Power drive is needed to set 

the stand‟s position, which makes them much more expensive than the ones previously 

discussed. 

 

 

 

 

Figure 9.7 Super high stand 

 

 

Ladders are also used in the harvesting of high fruit trees. Single ladders with a stay-

rod are preferred to step ladders, because the former are lighter and more stable. 

 

Generally speaking, the higher the fruits grow the less efficient it is to harvest them. 
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Figure 9.8 shows the yield of a conventional fruit tree as a function of height. It also 

shows the type of stand needed to harvest the fruits of this tree.   

 

 

Figure 9.8 The distribution of the yield in the canopy 

 

9.1.2 Harvesting with mechanical aids 

The collection and delivery of manually harvested fruits from the tree to the pallet 

bins are done either by hand or using mechanical aids. Before showing practical 

examples for both, first the organisation of manual harvesting should be discussed. 

The following transport activities are part of the harvest: 

- transport of empty pallet bins from their storage to the location of filling (in 

most cases, mechanised), 

- transport of the filled pallet bins to a transfer point where they may be stacked 

(in most cases, mechanised), and 

- transport of pallet bins from the transfer point to the operation area 

/warehouse (mechanised). 

 

 

 

The two most common harvesting technologies in manual harvesting are: 

1. the distribution of pallet bins in the orchard prior to, and their collection after, the 

harvest and 

2. the use of mobile harvesting cars/trailers and platforms. 

 

1.  The distribution of the pallet bins prior to harvesting in the orchard requires 

mechanical transporters or hand-operated trailers.  
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In order to calculate the distance between the pallet bins in the row, the yield must 

be estimated. Because of large differences from tree to tree, the number of bins must be 

about 10% more than really needed. 

The equipment used for pallet bin transport ranges from man-operated tools to 

self-propelled machines. Figure 9.9 shows a one-man operated, two-wheel pallet carrier 

developed for the smallest orchards.  

 

 

 
Figure 9.9  One-man operated, two-wheel pallet carriers 

 

Low profile, tractor-mounted forklifts are recommended for small horticultural 

enterprises (Figure 9.10). The forklifts‟ transport capacity is one pallet bin, and their 

lifting height is about 50 cm. 

 
Figure 9.10 Low profile, tractor-mounted forklift 

 

Some tractor-towed trailers have a capacity of 3 pallet bins. The trailer on Figure 

9.11, due to its U shape frame, can approach the bins in reverse, fix each of them with 4 

iron bolts, and lift and sink them via hydraulic cylinders. On the trailer seen on the video, 

the iron bolts are replaced by curved iron tubes which enable the automatic pick-up and 

release of pallet bins simply by lifting and sinking of the U shape frame. 
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Figure and video 9.11 Tractor-towed self-loading/unloading trailer for three pallet bins 

1.: U shape frame, 2.: rear wheel, 3.:lifting mechanism 

 

The self-propelled pallet bin transporters are designed for carrying 6 pallet bins at 

the same time. They are able to load and unload the bins automatically.  

The machine shown on Figure 9.12 has a lifting unit in the front, supplied with 

four vertical arms. They end in strong, horizontal bolts. The distance between the arms on 

the left-hand and right-hand side can be changed hydraulically. During pickup the 

machine stops in front of the bin, sinks the lift with its arms in the widest position. Then 

the arms close and the lift takes off the bin. Thereafter, a plate slides out of the main 

frame below the pallet bin. The lift sinks the bin onto the plate and releases it. The plate 

slides back in between the main frames while the powered chain conveyors on the top of 

the frames (Figure 13) carry it farther backwards.    

 

 
Figure 9.12 Self-propelled pallet bin carrier with a lift in the front 
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Figure 9.13 The powered chain conveyor on the top of the main frame to transport the 

bins 

 

This procedure is repeated until 5 bins are on the machine‟s chain conveyor and 

the 6
th

 is held by the lift. During unloading the back extensions are sloped and the 

powered chain conveyors move them to the ground.  

The carrier is driven hydrostatically which ensures a wide variety of speed and 

good manoeuvrability.  

   

Another pickup principle is realised on the self-propelled bin carrier shown on 

Figure 9.14. It takes off the pallet bins without stopping. Its front extensions are supplied 

with powered chain conveyor and so are the main frames. When approaching a bin, the 

front extensions are sloped so they can get underneath the pallet.  As the machine moves 

forward, the powered chains tilt the bin and pick it up.  

This carrier is also hydrostatically driven and is able to carry 5+1 pallet bins (one 

on the front extensions). 

 

 
Figure 9.14 Self-propelled bin carrier with powered chain conveyor on the front 

extensions 

 

2.  Using mobile harvesting cars/trailers and platforms in manual harvesting means 

that the chests, bins, cases or pallet bins continuously move in the field or along the 

orchard row in accordance with the speed of the manual harvesting.  

Electrically driven pallet bin carriers are offered for small orchards (Figure 9.15).  

The loading of empty pallets is done manually. The full pallet bins are unloaded after the 

tilting platform of the carrier has been released.   
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Figure 9.15 Pallet bin carrier with electric drive developed for small orchards 

 

 
 

Figure 9.16 Self-propelled harvesting platform with conveyor belts 

 

 

The self-propelled machine on Figure 9.16 was developed for harvesting field 

fruits or vegetables. The fruits are packed in boxes and left behind for collection later. 

In orchards, mobile harvesting trailers, also called conveyor trailers, may be used 

(Figure 9.17). They are tractor-towed and are able to carry 5 pallet bins.  

The pickers work beside the trailer and use collecting facilities, platforms, and 

ladders. The pickers are organised in four groups, and each group fills its own bin. The 

5
th

 bin is to compensate for the difference in working capacities.  

The loading of empty pallet bins and unloading of filled ones are done by tilting 

the platform by the tractor‟s 3 point hitch. 

These trailers have a very simple construction, as they have no lights or breaks. 

They are designed only for orchard use. Although they are relatively cheap, they need a 

tractor for their operation. This way the power capacity of the tractor is not utilized well . 

This may be the reason for the recent wide-spread use of self-propelled harvesting 

platforms. 
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Figure 9.17 Tractor-towed harvesting trailer for carrying 5 pallet bins 

 

Self-propelled harvesting platforms are able to carry both the pallet bins and the 

workers in the orchards. There is a wide variety of this equipment on the market, ranging 

from machines operated by 2 to 8 workers, from electric to diesel engine powered 

versions.  

The platform on Figure 9.18 is an electrically driven machine with 2 pickers 

travelling on the platform. At the beginning of the work, it carries 4 empty pallet bins and 

leaves the filled ones in the row. The workers collect the picked fruits in their baskets 

which will be then lowered into the bin when emptying. Two additional pickers can 

harvest from the ground walking alongside of the unit and putting the fruits directly into 

the bin. 

 

 
Figure 9.18 Electrically driven self-propelled harvesting platform 

 

Up to eight pickers can work on the self-propelled platform shown on Figure 9.19. 

It is made by the same company which manufactures the product shown on Figure 9.12. 

The method of loading empty bins and unloading the filled ones is identical to the 

method used by the other machine.  The differences are in the additional picking 

platforms with two picking heights and in the internal lift for the bins. 

As Figure 9.19 shows, the previously distributed empty pallet bins will be picked 

up from the orchard row and elevated by the internal lift to the two picking platforms. 

The picked fruit will be collected either directly into the bins or into a picking bag firs. 
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After the pallet bins have been filled, the internal lift lowers them to the main frame.  

From there the powered chain conveyor delivers them to the back extensions. 

The width of the platform is adjustable to the distance between the limbs in the 

row. 

 
Figure 9.19  Self-propelled platform for 8 workers 

 

The self-propelled platform shown on Figure 9.20 handles empty and filled pallet 

bins in a manner similar to that of the machine shown on Figure 9.18. A special high 

platform trailer towed by the basic unit carries the empty standard cases.  These can be 

placed on the rotating bin filling unit by the back extensions of the self-propelled 

platform.  

 

 
Figure 9.20  Method of handling empty and filled pallet bins by a self-propelled 

platform 
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The platform consists of a sloped central conveyor, 6 electrically or mechanically 

driven small conveyor belts, different height platforms for the worker, a bin filling unit, 

the engine, drive, and wheels (Figure and video 9.21). 

The sloped central conveyor collects the fruit picked by hand and placed on the 

small conveyor belts.  

The workers can easily set the small conveyor belts in the best position (the belts 

can be turned and sloped independently).  

The platforms for the workers are positioned at two different levels so that all 6 

workers (3 on each side) can work with the machine: 4 of them on the platforms and 2 

walking in front of it.  

The Figure 9.21 shows a smaller version at which only two platforms are 

available for two workers.    

 

 
Figure and video 9.21 The mobile platform and the bin filling unit 

 

 

The bin filling unit (Central and right in Figure 9.21) has to deliver the fruit from 

the central conveyor into the pallet bin gently enough to avoid any bruises. To achieve 

this, during filling, the bins are turned around their imaginary vertical axle. The bins have 

to be square shaped. The rubber fingers fixed to the vertical conveyor belt take the fruits 

from the central conveyor and lower them slowly into the bin on top of the other fruits. 

The conveyor belt rises automatically as the fruit layer in the bin increases. A tilting plate 

at the bottom end of the conveyor belt serves as a sensor. When the plate contacts any 

fruit in the rotating bin, it will be lifted and a signal is given to raise the conveyor. It stops 

when there is no more contact between the plate and the fruit. 

When the bin is filled, the turning plate is tilted and the bin slides down to the 

ground.  Afterwards, it is replaced by an empty bin from the trailer behind.  

This machine is driven mechanically or hydrostatically and is powered by a small 

diesel or Otto engine. Of the 3 wheels, the frontal one is steered by one of the pickers 

working on the ground or on the platform.  

Self-propelled harvesting platforms can increase the workers‟ capacity in an apple 

harvest up to 350 kg/h. In addition, they are versatile in application, since they can be 

used as pruning stands, stands for installation of dispensers, for manual thinning, etc. 
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9.2. Harvesting by machines 

As said before, mechanical harvesting means detaching, collecting and 

transporting fruits by machines.  

Detaching can be performed by contacting the fruit directly or by vibrating the 

plant. Because of risk of damage, at present, only small fruits (berry fruits, almonds, nuts, 

sweet and sour cherry, plums) or fruits for direct processing (apples, apricots) are 

mechanically harvested.  

It must be mentioned that harvesting with robots makes possible that even delicate 

fruit can be gently picked. 

 

9.2.1. Harvesting by direct contacting 

 

Harvesting by combing 

Mechanical harvesting by contacting the fruit directly can be performed in many 

ways. One method is combing off the fruit.  Figure 9.22 shows an experimental machine 

for apples grown on hedge. Rubber fingers are fixed to belts and are driven in accordance 

with the forward speed so they move through the hedge vertically from the bottom to the 

top. The apples are picked by two neighbouring fingers. Upon meeting obstacles (like 

strong branches), the fingers bend back.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.22 Experimental apple harvester 

 

 

Harvesting by cutting and forwarding by a header 

The method of harvesting of strawberry by mowing the plant and picking it up by 

a header unit may be considered also as one of the direct methods, since the header unit 

contacts and forwards the fruits during cutting (Figure 23). The cutter bar cuts the stems 

with the fruit still on them. The free leaves are blown away by a cross-flow fan. Two 
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axial flow fans placed below the wire mesh conveyor straighten the fruit stems to be 

removed by two singulators (rotating knives). At the end, the strawberries are collected in 

trays and are processed soon afterwards. 

 

 
Figure 23 Strawberry harvester with cutter bar and singulators 

 

 

9.2.2 Vibrating harvesting of the fruit 

By vibrating the branches, limbs or trunks of the fruit trees or the bushes, the fruit 

swings, turns and/or twists along its stem which leads to its detachment. Many factors 

such as the vibration‟s frequency and amplitude, the participating masses, the length of 

stems, and others influence the process. 

In order to understand the effect of the factors influencing removal, researchers 

created a simple model for both the harvesting machine and the plant. It is the Poynting-

Thomson model, coupled with an eccentric mass inertia shaker (Figure 9.24).  
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Figure 9.24 Poynting-Thomson model, coupled with an eccentric mass inertia shaker 

 

 

The differential equation of the model is: 
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where: Mt  is the total mass of the limb-shaker system in kg (Mt =MM+M +m)  ; M
x  is the 

limb acceleration in ms
-2

;  k is the viscous damping coefficient of the limb in Nsm
-1
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is the limb velocity in ms
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; c is the apparent spring constant of the limb in mN
-1
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the limb displacements in horizontal direction in m; m is the total unbalanced mass of the 

shaker in kg; r is the eccentricity of the unbalanced masses in m; ω is the shaking 

frequency in rad s
-1

; t is the time in s. 

Following from Eqn. 1 the momentary power demand for a rotating type shaker 

shown on Figure 9.24:  

             (2) 

 

 

where: X is the amplitude of displacement in horizontal direction in m; and   is the 

phase angle in rad. 

    For the calculation of the trunk displacement amplitude X, the following equation can 

be used:  
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     (4) 

 

The phase angle  indicates the position of the forces acting during vibration. As 

the position of the centrifugal force 
2

mr  changes its direction, the displacement, 

velocity and acceleration of the system change accordingly. Figure 9.25 shows the 

direction of the inertia, elastic and damping forces being the function of acceleration, 

displacement and velocity respectively, when t  . 

 

 
 

Figure 9.25 The balance of the forces acting and reacting during shaking 

 

 

 Eqn. 2 for the power demand of the shaker consists of two parts. The first part is a 

sinusoidal function having its maximum twice in a period, resulting in 0 power demand. 

The second part is constant and is influenced by all the characteristics shown on Figure 

9.24. Depending on the height of shaking on the tree, the values MM, c and k are 

changing.  

In regard to the Eqns. 1, 2, 3, and 4, the following statements can be made: 

 The limb amplitude can be influenced most by the masses m and M  and the 

eccentricity r of the shaker machine 

 The machine-tree system on the Figure 9.24 has a resonant frequency at which the 

amplitude is the highest. It is influenced by all the factors mentioned before and 

therefore it can be influenced by the machine‟s characteristics 

 Best efficiency is to be expected when shaking on the resonant frequency 

 

 

In case of a vibrating spokes shaker (like for berry fruits, Figure 9.38), Eqns. 1-4 

apply also, as the rotation can be transferred to translation. 
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Figure 9.26 The rotation of a vibrating spokes shaker transferred to translation  
 

Reducing the tree-shaker connection (Figure 9.24) to a two mass system, the 

amplitude X of the shaken tree trunk or main branch can be estimated as follows:  

t
M

mr
X

2
           5. 

Where, as said before, m is the eccentric mass of the shaker, Mt is the total mass 

of the system, including the eccentric mass m, the mass of the machine frame and the 

reduced tree mass.  

Equation 5 applies also to the vibrating spokes shaker. It indicates how the shaken 

plant mass influences the amplitude of the spokes. 

The usual output of inertia shakers is a relatively high frequency vibration (10–40 Hz), 

and a short stroke (5–20 mm) delivered to the tree. As a result of these, the following 

typical amplitudes are generated. For cherries and sour cherries: 15-30 mm, for prunes: 

10-15 mm, for olives: 50-60 mm and for apricots 10-15 mm.  

For the estimation of the removal relative to the yield produced in a harvest by shaking 

Fridley and Adrian, 1966 recommend the following empirical equation:   












ba

cS
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Where S is the peak to peak stroke of the shaken tree, ω is the angular velocity of the 

shaker drive, a,b and c are empirical constants, characteristic of the fruit tree variety.   

 

 

9.2.2.1 Inertia type shaker machines 

Trunk shakers are the most efficient vibratory harvesters as each tree is shaken 

only once (see also Figure 9.24).   

The structure of a trunk shaker can be seen on Figure 9.27. The machine is 

tractor-mounted or self-propelled, although its motion is independent of its carrier.  

In case of some shakers, the angular velocities ω1 and ω2 of the rotating eccentric 

masses are different. If   ω1 = - ω2 the displacement during shaking is unidirectional. If   

ω1 = ω2 the displacement is circular, and if ω1 ≠ ω2 the displacement is multi-directional. 
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Figure 9.27 Amplitude patterns of a trunk shaker. 1.: hydraulic motors, 2.: 

eccentric masses, 3.: jowls to grip the trunk, 4.: hydraulic cylinder to close the 

jowls. 

 

 
Figure 9.28 Self-propelled trunk shaker with a wrap-around catching surface 

 

Beam shakers are connected to the main limbs or the trunk of younger 

trees (Figure 9.29). The shaking of main branches results in a higher detachment 

rate, but takes more time compared to the shaking of the trunk. The same 

equations and statements apply to the beam shakers as to the trunk shakers, 

although on the version shown on Figures 9.29 and 9.30 the mass m swings along 

the beam instead of turning. 

 

 
Figure 9.29 Model of beam shaker and fruit tree 
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Figure and video 9.30 Beam shaker attached to the limb and to the trunk 

 

9.2.2.2 Cable shakers 

Cable shakers are the simplest and cheapest limb shakers. The tractor-mounted 

adapter on Figure 9.31 consists of a PTO driven eccentric bolt and a cable, one end of 

which is fixed to the bolt, the other to the limb.  

As the cable only pulls the limb, the elastic force of the tree has to return it.  This 

means that the frequency of shaking must not be higher than the resonance frequency of 

the limb. 

 
 

Figure 9.31 Cable shaker with eccentric bolt 

1.,2.: drive of the eccentric bolt, 3.: bolt, 4.:cable disc, 5.: cable, 6.: cable connecting 

device, 7.:limb 

 

 



 272 

               
 

Figure 9.32 Cable shaker driven by the PTO through a tilting mechanism (left). 

Fixing the cable to the limb (right). 

 

Shaker-clamps  

Shaker-clamps must be carefully applied, since the significant shaking force is 

transmitted to the tree at their attachment. It can lead to tree injuries when the 

basic rules are ignored during shaking. Bark injuries can be avoided on the one 

hand by reducing the surface pressure. On most machines, this can be solved by 

changing the pressure in the hydraulic cylinder which closes the clamp. On the 

other hand, the clamp must be perpendicularly attached to the trunk or the main 

branch. This applies first of all to boom shakers. 

 Shaker-clamps consist of jaws; at least one of those is movable by hydraulic 

cylinder. Their contacting surface is soft. In some cases, it consists of two layers. 

Grease is put between the layers to reduce shear stress on the bark.    

 

9.2.3 Catching surfaces 

Catching surfaces for collecting the detached fruits constitute a part of shaker 

machines. In addition to the wrap-around catching surface (Figure 9.28), many 

other types are used (Figure 9.33). In some cases, they consist of two components. 

One component is carried by the shaker machine, the other by a separate self-

propelled unit. The catching surface unit contains a fan for getting rid of light 

impurities and a carries a replaceable pallet bin. 
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Figure 9.33 Different types of catching surfaces 

 

9.2.4 Pickup of fruits from the ground 

Where there is no risk of damage or damage has little importance as in case of 

fruit like almonds, walnuts, or apples for juice production, harvesting can be done by the 

so-called shaking without catching technology. The shaken fruits are first swept in 

between the rows than a pickup harvester lifts them from the ground. Figure 9.34 shows a 

cylindrical auger sweeper, while on Figure 9.35 the sketch of a self-propelled pickup 

machine can be seen. In order for the pickup technology to work, the ground must be kept 

even, the machines have to be low enough to get underneath the limb. 

 

 
 

Figure 9.34 Cylindrical auger sweeper used before picking up the fruit 

 

 
Figure 9.35 Self-propelled pickup harvester 
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The man-operated pickup unit on Figure 9.36 was developed for small  

orchards. The wooden roller is supplied with steel nails which pierce the fruits and 

lift them from the ground. Afterwards a comb removes and guides the fruits into 

the collecting buckets. 

 

 
Figure 9.36 Hand-pushed pickup device for collecting fruits from the 

ground 

 

9.2.5 Mechanical harvesting of bush fruits 

For berry fruit harvesting, mainly vibrating spokes shakers are used. The 

inertia-type shaking unit consists of an axle with spokes attached and a driving 

mechanism (Figure 9.37). In the latter, two eccentric masses m are rotating in the 

same direction and with the same ω angular velocity. Their eccentricity is r, their 

distance from the centre line is R.  The resulting centrifugal force is 2

mr . 

In position a. on Figure 37, where r and R are in one line, the centrifugal 

forces annul each other. If the arms r turn further (position b.), a torque 

 sin2
2

mrRT   arises which turns the axles with the spokes clockwise. After 

turning 180
0
, the direction of torque changes. This results in the vibration of the 

axle. 

  
Figure 9.37 The driving mechanism of the inertia type vibrating spokes shaker 
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Depending on the plant‟s growing system, the shaker units can be 

positioned either in a V shape or in a horizontal arrangement. Figure 9.38 shows a 

machine with shakers in V shape. The harvester separates the shrubs, then 2 

shaker units detach the berries on each side. The fruits fall onto the catching 

conveyor and will be delivered into the bins.   

  
 

Figure 9.38 Berry fruit harvester with shakers in V shape 

1.: shaker units, 2.: brunch lifting bodies, 3.: shrub separating body, 4.: berry catching 

conveyor, 5.: bin filling conveyors, 6.: bins, 7.: fans to blow away the leaves 

 

The shaker units of the berry fruit harvester on Figure 9.39 are in a horizontal 

position. The two units shake the horizontal branches of the plant and a conveyor belt 

underneath collects the detached berries. They will be then be cleaned and manually 

sorted.  
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Figure 9.39 Raspberry harvester designed for horizontal canopy  

 

It is important to notice that the shaker units on both machines turn freely as the 

machine advances. Accordingly, their motion is dual: they rotate and vibrate at the same 

time. 

 

9.3. Transport of pallet bins on the road 

In large orchards, special trailers are used to transport the bins from the transfer 

point to the operation area /warehouse. Some of these trailers are able to carry up to 48 

pallet bins at the same time. Prior to the self-loading and unloading of the trailers, the 

bins have to be stacked on skids (Figure 9.40).  

 

 
Figure 9.40 Block of containers stacked on skids 



 277 

 

Tractor-mounted forklifts or front loaders are used for the purpose of stacking the 

bins (Figure 9.41 and 9.42).  

 

 
Figure 9.41 Tractor-mounted forklift 

 

 

 
Figure 9.42 Front loader with forks 

 

A special trailer for stacked bins is shown on Figure 9.43. It consists of a 

frame which is open in the back. Four consoles hang from the frame, two on each 

side. To the bottom of each console, a strong rail is connected through screw-type 

actuators.  

During self-loading, the left and right hand side consoles are in their 

farthest position from each other and the rails are lowered. Then the trailer 

reverses to the point where the stacked bins get in-between the rails. Now the 

consoles are moved to the centre and the rails are lifted. The block of bins can be 

transported now on the road. Unloading happens the opposite way. 

 

 
 

Figure 9.43 A special trailer for stacked bins 
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10. Special machines used in wine-growing 

10.1 Mechanization of green work 

 The supply of the appropriate amount of sun light depends not only on the 

weather conditions at the location of the grape-vines, but to a significant extent also on 

the arrangement of the local surroundings, the height and condition of the canopy, and the 

types and method of green work to be performed.  Optimal assimilation rate can be 

expected only if the canopy has sufficient exposure to sun light and appropriate air flow 

within the canopy is ensured.  Therefore, during the vegetation period, the shoots of the 

grape-vines must be regulated. Green work includes trunk cleaning, tying, trunk topping 

or heading, and partial defoliation within the cluster zones. (Walg 2005) 

 

10.1.1 Trunk cleaning machines 

 Green work starts with trunk cleaning, that is the removal of offshoots and water 

sprouts. This task begins when the offshoots are no longer than 10-15cm, thus, they may 

still be removed without causing greater injuries. Instead of manual work, trunk cleaning 

machines can also perform the task on the trunk‟s lower and middle part.  

 The first types of trunk cleaners cleaned the trunks with the help of narrow rubber 

strips fixed to a vertical, rotating axle breaking off water sprouts during rotation (Figure 

10.1). In the course of this process, the trunk cleaner is not guided in the neighborhood of 

the vine-stock‟s head, but along the trunk, permitting the machine to oscillate a few 

centimeters.  The rubber strips attached to one or two axles make adjustment to the 

various trunk heights possible. The trunks must be straight and at least 70cm high. 

Optimal work capacity is achieved if the row distance is at least 1.8m. 

 In order to decrease dust formation, trunk cleaning should be done when the soil 

is wet (for example, in the mornings, when dew is falling). In addition, the equipment 

should not be close to the soil surface but slightly above it. Trunk injuries cannot be 

avoided completely during the trunk cleaner‟s operation. However, the extent of these 

injuries can be favorably influenced by regulating the number of revolution per minute 

and the travel speed. 

 Tractor-mounted trunk cleaners can be placed ”under-belly” (that is under the 

belly of the tractor) between the front and back axles or before the front axle or in the 
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back.  In practice, these machines are mostly used at the same time as other row-bottom 

cultivation work is carried out and are mounted on the two sides of the cultivator or the 

mulcher.  The equipment may also come with guiding rollers.   

 

Figure 10.1 Trunk cleaners 

 

10.1.2 Binders 

  

 The term „binding” means the elevation and stabilization of summer shoots in 

order to ensure that they are erect and do not hang over the row. This work is carried out 

mostly manually.  The shoots are slipped in between wires (shoot threading) and the 

wires are stapled together.  Grape-vines must be tied two or three times a season.  As 

binding is primarily a factor of time, vineyards are especially interested in decreasing the 

utilization of manpower in this work.   

 In order to decrease work peaks, in many vineyards, automatic binding  machines 

are used. Currently, there are two different approaches.  First, the machines do the 

binding with plastic cords (for example, ERO). The machines pull the cords together and 

clasp the canopy (Figure 10.2). Second, the binding machines lift the previously released 

wires and staple them together at the required height (Pellenc).   

 The binders are suspended in front of the tractor‟s front axle so that they arch over 

the row to be tied.  Two electric or hydraulic driven spiral conveyers, belts or elevating 

discs pull up and hold the shoots. Simultaneously, on the right and left sides of the row, a 

plastic binding wire is pulled off a reel through a guiding ring, which, as a result of a light 

braking force, becomes taut. From here, the wire runs under the tying gaps of the 
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automatic stapler, where the staples are released manually. They grab the canopy through 

the gaps and staple the two cords together.  Stapling is necessary, since it provides the 

canopy with strength and prevents the shoots from slipping down.  For each trunk, two or 

three staples are placed lengthwise. 

 

 

Figure 10.2 ERO spiral tying machine 

 

 The Pellenc system functions without binding wires. In this case, fingered discs 

lift the wires already on the ground to the required height, pull them tight and clasp them 

together with plastic staples (Figure 10.3) in pairs.  This is the reason for the wires having 

to be laid on the ground before tying. Generally, two staples are used for each post.  The 

binding machines are mounted on a hydraulic elevator mechanism, and can be shifted 

both vertically and sideways.  They can tilt and swing so as to adjust to the field 

condition of the plantation.  The machines may be equipped with rotating knives for the 

purpose of cutting off the ends of the shoots. 
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Figure 10.3 Pellenc tying machine 

 

10.1.3 Trimmers 

  

 If the shoots grow above the top wire significantly, the part reaching above the 

wire is removed or headed.  Later on, also those shoots which grow sideways out from 

the trellis are removed.  The two tasks may be performed simultaneously.  The following 

goals may be achieved by trunk topping: 

 the canopy will not hinder summer soil cultivation and plant protecting work, 

 the canopy will aerate better and dry out quicker, with which the risk of mould 

can be decreased, and 

 the storing of sugar in the grapes can be facilitated. 

 

Today, this work can be fully mechanized and trunk tractor mounted trimmers are 

available also on sloping areas.  According to their operational principles, there are 

machines equipped with rotating knives and mower.. 

Trimmers consist of the following main structural elements: 
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 Tractor-mounted frame, 

 Elevator and turning mechanism, and 

 Cutting equipment supplied with driving implements. 

 

 Hydro-motors mounted on the tractor‟s hydraulic system drive the cutting 

equipment.  The knives can be driven simultaneously with the help of V belts or flat 

belts.  The machines can be tilted; the height and width of the cutting mechanism may be 

adjusted hydraulically or electrically.  They can be mounted on the front of the tractor or 

on its back. For better visibility, the trunk topping machines are almost always mounted 

on the front of the tractor.  They come in the following versions (Figure 10.4): 

 

 

 

Figure 10.4 Trunk topping machines in different arrangements 

 

In wine-growing practice, those approaches are increasingly favored where the machines 

arch over the rows.  This approach is especially advantageous on plantations where cover 

plants are grown only in every second row, because this enables moving ahead on the 

grassed surface while cutting. The circumferential speed of the knives is 30-40m/s, 

accordingly, the rpm of the driving shaft is 750-1,500 min
-1. 

 Cutting knives with a lower 

rpm cut with counter blade, while knives with a higher rpm cut without it.  The tractor‟s 
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travel speed must be synchronized with the cutting‟s the quality, which is usually 3-

4km/h.     

 Figure 10.5 shows the sketch of the cutting equipment with rotating knives.  The 

upper knives of the machine mounted on the front of the tractor cultivating on the two 

sides of the row are individually driven by a hydraulic motor, while the knives on the side 

are operated via a joint motor with a chain or tined belt.  The mounting of the rotating 

knives may be varied and the holding mechanism may be adjusted sideways or upwards 

in accordance with the row distance. For example, when cutting grape-vines, it can 

operate on a plantation with a row distance of 2.4-4 m.  In case of sloping up to an angle 

of 6 º, a separate hydraulic cylinder adjusts the axles of the rotating knives to the required 

position. 

 

 

 

Figure 10.5 Trunk topping machine with rotating knives 

 

  On more modern machines, instead of using mechanical drive, the knives are 

driven by an individual electric motor.  Electric motors receive current from a 4 kW, 

direct or alternating current generator driven via the power axle. These motors may be 

adjusted more subtly than those driven mechanically.   

 

 Another approach is to use mower blades fixed to a rotating disc, which are 

driven at the bottom by a joint hydraulic motor with the assistance of V belts.  Where 
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belts are used instead of discs, the blades are clinched or screwed directly onto the belt.  

This equipment is also placed on the tractor‟s front and the rotating elements are covered 

by plate casing.  The front part of the plate casing is tined.  These tines serve also as 

counter-blades.  Figure 10.6 shows a trimmer  

 machine with rotating knives driven by a hydro motor, arranged in the so-called walking 

stick style.     

 

 

 

Figure 10.6 Walking stick style trunk topping machine 

 

 Trimmers with rotating knives are efficient even in case of a dense canopy.  

Hardly any cut-off plant remains on the canopy and the removed, well-chopped green 

parts do not clog up the cultivators.  Their disadvantage is that they blow the cut-off plant 

parts in the direction of the tractor‟s operator and, if the tractor moves in a too dense 

cluster, the flying material may damage some of the grape bunches.  

 Machines with rotating knives may be supplemented with various mower 

systems, for example, the cross-directional mower with knives rotating on a vertical plane 

or the vertical mower equipment, but there are also machines working with mowers only.  

The advantages and disadvantages of the individual operating systems may be partially 

balanced by using these various machine combinations.   

 The cutting mechanism of machines equipped with a mower consists of a beam 

similar to that of the mowers used for cutting grass.  Machines with mowers are usually 
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sold as reciprocating-motion equipment. They operate on the same principle as 

alternating mowers.   

 Trimmers with mowers (Figure 10.7) leave a clean and smooth cutting surface 

and do not blow cut-off foliage in the direction of the tractor‟s operator.  In addition, in 

case of certain cultivation methods, their application enables also pre-pruning of the 

grape-vine. Their disadvantage is that if the canopy is dense fast cutting is not possible. 

As the canopy falls down in bundles, this may hinder cultivating and the row-bottom 

cleaning machines in their work.  The alternating mows positioned crosswise may leave 

loose parts on the top of the canopy creating good breeding ground for botrytis. 

 

Figure 10.7 Trunk topping machines with a scythe 

 

10.1.4 Defoliation  

 

 The timing of this task influences the future appearance of diseases.  If a small 

degree botrytis infection happens in the summer, partial defoliation is performed also 

directly before the last spraying (in the middle of August) when the freely hanging grape 

bunches get one more optimal spray cover. Thus, grapes injured because of the 

defoliator‟s rotating knives may be protected from fungus infections also subsequently.   

 Based on their operational principle, the defoliating machines may be classified as 

pulsed-air or sucking-air defoliators.     
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 In case of machines operating with the pulsed-air system, nozzles fixed to a 

rotating wheel radiates the air generated by a compressor (approximately 850m
3
/h) to the 

cluster zone with high flow speed. The blowing air tears off the leaves sooner or later.  

The use of these machines is not wide spread primarily as a result of their high 

investment cost (Figure 10.8) 

 

 

Figure 10.8 Pulsed-air defoliator 

 

 Machines operating with the sucking-air system are structurally simple and their 

price is more favorable.  The air flow sucks the leaves to the machine‟s working area 

where they are detached by the cutting mechanism (Figure 10.9).  The separated and 

chopped leaves fall into the inter-rows.  The simple sucking-air equipment was designed 

for cultivating one side only.  Consequently, for the purposes of removing leaves on both 

sides, the machine must pass along the row one more time.  (Walg 2005)    
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Figure 10.9 ERO defoliator 

 

10.2 Tools and machines used in grape harvesting  

 

 Mechanized harvesting is used on flat areas, on wine grape and raisin plantations.  

Manual harvesting is performed for the purpose of harvesting table grapes and on steep, 

sloping areas with implements facilitating picking.  In case of mechanized grape 

harvesting, the grape berries and the grape clusters are detached, cleaned, collected, and 

transported.  In case of manual harvesting, the same tasks are performed except for 

cleaning, because during manual harvesting the clusters do not get soiled too much.  In 

terms of the process of detaching berries and clusters, harvesting can be done in phases or 

continuously.  Harvesting can be manual, partially mechanized and fully mechanized.     

 

10.2.1 Manual and partially mechanized harvesting methods 

 

Manual harvesting is performed in phases.  The following tasks are carried out. 

 The grape clusters are cut off and collected in picking crates, 

 The picking crates are carried to the collecting container, 

 The grapes are delivered from the plantation, and 

 The grapes are transported to the processing plant.  
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In case of partially mechanized harvesting, machines moving in one row or arching over 

one or two rows accomplish the collection and delivery of the grape clusters.    

 

 The following is a list of collecting and transporting equipment moving in one 

row. 

 Sliding plates, 

 Picking sledges, 

 Trailers, and  

 Tractor carried containers. 

 

In harvesting and picking grape clusters, special harvesting shears are used.  They cut 

evenly and are especially long compared to traditional scissors. They are narrow and 

pointed.  Primarily plastic buckets and small containers serve as picking bins.  These are 

light and can be cleaned without much effort.  As they can be easily stacked, space is 

spared.  The full picking bins are manually delivered to the colleting containers, usually 

handed over several rows.   

 Delivery by sliding plates is applied in vineyards where the distance between the 

rows is less than 3m. The empty plastic crates are positioned along the axle of the row.  

After harvesting, the full crates are placed on a sliding plate which is capable of 

transporting 1.5-1.8 ton.  The crates are emptied into dumper-trailers or trucks.    

 Picking sledges are used in table grape harvesting.  The harvester pulls a picking 

sledge in the inter-row.  The full sledges are left between the rows or in the line of the 

row, to be collected by using sliding plates or trailers.   

 For the purpose of transporting large quantities of grapes, the simplest delivery 

method is using dumper-trailers.  In most plants, they use one-axle, two-axle or tandem-

axle dumper-trailers.  The dumper-trailer needs appropriate receiving area in the 

processing plant.  In practice, tanks, or containers capable of tilting, made of corrosion-

proof steel or plastic and equipped with a closed spiral pump have lived up to 

expectations.  
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  In case of carried containers, the unit container or the small container is mounted 

on a hydraulic rear-loading ramp. The container is filled in the inter-row and, thereafter, 

removed from the inter-row (Figure 10.10).  The full containers are emptied into the 

transportation vehicle with the help of the rear-loading ramp.  The container can be 

emptied mechanically or hydraulically.  If the processing plant and the plantation are 

close to each other, the containers may be transported directly to the processing plant.  

The container‟s capacity is 0.5 – 1.2m
3
.  

 

Figure 10.10 Container carried in the back 

 

 Organizing manual picking and mechanized transportation are rather difficult 

tasks, because the delivery of the harvested quantities must be synchronized with the rate 

of picking.  Using containers permanently on location greatly facilitates this process.  The 

5.1m
3 

- volume container
 
is made of corrosion-proof steel plate.  The container has a flat-

steel reinforcement hoop on its side, with 2-2 pins attached.  The container can be lifted 

with the help of the pins.  The containers can be transported by vehicles equipped with 

the appropriate hydraulic device or a trailer.  The hydraulic device is designed to enable 

loading from the side or in the back.  The containers are emptied hydraulically at the 

processing inlet. One container can carry 3.8-4 ton, and its transportation speed is 50 - 

60km/h on built roads and 20 - 30km/h on earth roads.  (Karai - Mészáros 1980). Figure 

10.11 shows the tractor-towed approach. 
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Figure 10.11 Grape-transporting container trailer 

  

 Where harvesting machines are used, harvesting, transportation and the capacity 

of the processing plant must be optimally synchronized.  Transportation and processing 

must be adjusted to the capacity of the harvesting machine.  Mash transporters are also 

used for delivering grapes from the plantation to the processing plant.   

 Mash transporters facilitate crushing and depositing, their holding capacity is at 

least 4m
3
. This transporter consists of a cone shaped container narrowing toward the 

bottom, with a built-in, ex-center driven spiral pump.  This is not sensitive to material 

other than grape (MOG) and is of the appropriate transport height.  The harvested 

produce is forwarded to a pump with the help of a spiral conveyer placed at the bottom of 

the container.  For final crushing, spring loaded crushing cylinders with adjustable gap 

distance are used. Manual cranks or grouting discs placed between the cylinders can 

change the gap distance of the crushing cylinders gradually.   

 Mash transporters supplied with an elevator mechanism are capable of filling up 

the wine-press or the destemmer-crusher directly.  Consequently, they offer numerous 

possibilities in red or white wine making (Figure 10.12). The wine-presses can be filled 

directly with grape clusters. With making work of the destemmer easier, the 

transformation of the produce into red wine becomes also a less taxing job, because the 

grapes can get into the horizontally positioned equipment even without the assistance of 
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pumps.  When using mash transporters supplied with spiral conveyers or conveyer belts, 

if the wine-press or the destemmer-crusher to be filled is not directly under the vehicle a 

separate conveyer belt becomes necessary.   

 The concept of arching over several rows is based on the principle that the pickers 

put the harvested grapes on the delivery belt running above the plantation, from which 

the produce is moved onto the tractor-towed transporting vehicle moving inter-row.  In 

our country, equipment built on this concept is not used for two reasons.  First, even 

despite the equipment‟s complicated structure, it does not offer significant economic 

benefits.  Second, it was developed simultaneously with other, significantly more 

efficient machines harvesting continuously.    

 

 

 

Figure 10.12 Grape transporting vehicle with elevator mechanism 

 

10.2.2 Mechanized grape harvesting 

 

 Manufacturers and distributors recommend self-propelled, one-pass harvesting 

machines (grape combines) and towed harvesting equipment for mechanized grape 

harvesting.   
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 Several factors influence the choice of the detaching mechanism and the extent of 

harvesting loss.  In addition to the training and trellis system, for example, the size of the 

detaching force between the berry and the stem and their strength and flexibility play an 

important role. The leaf‟s characteristics related to friction and flow, the cluster, and the 

individual grapes determine the design of the delivery system, the sorting and cleaning 

equipment. In judging the efficiency of the harvesting procedure, the energetic efficiency 

to be achieved must also be taken into account.  In order to optimize the mechanical 

grape detaching procedure, one has to determine the size of the detaching force between 

the berry and the cluster depending on the degree of ripeness, taking into account the 

frequency and the amplitude of the swinging-shakers.   

 The more highly developed machines are the shaker-beaters which deliver the 

detaching force vertically or horizontally on the grape wall.  They operate with relatively 

small detaching force and big amplitude.  Detaching occurs, as in case of all other 

mechanic-dynamic harvesting procedures, as a result of mass force.  The pulling, 

bending, alternating, and rotating forces arise between the cluster and the wine stock, and 

the berry and the stem.  The shaker-beaters swinging horizontally are suitable for almost 

all types of training.  Shakers causing swings so that the detaching force always acts in 

the direction of the stem of the berries damage the produce less.   

 Harvesting machines working mechanically are mostly self-propelled rather than 

towed or otherwise carried machines arching over the rows.  To satisfy various harvesting 

conditions, their drive is non-gradual hydrostatic.  Slope equalization increases their 

utilization.  Cleaning and separating the produce from leaves and other plant parts are 

carried out with the help of slanted or flat sifters and blowing-air and sucking-air fans.  

The produce is stored temporarily either on the machine or the transporting vehicle 

moving beside it.  

 The harvesting machines operating pneumatically detach the grapes from the 

vine-stock by high speed blowing or sucking air.   

 On blowing-air machines, two wreaths each supplied with 8 nozzles rotate at 150 

rpm along the canopy wall.  The wreaths are placed opposite to each other but are shifted 

in relation to each other. The air flowing out of the wreaths blows the canopy in 
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alternating directions, resulting in swings.  The transportation of the produce is done 

mechanically.    

 Sucking-air machines do not need catching devices and can be used in all training 

and trellis systems.  The detachment of the berries requires significant, approximately 

120 m/s air speed.  During picking and transportation a significant number of the 

individual grapes break. The breakage increases the portion of tannin and lees in the must 

leading to deteriorating wine quality.  In produce exposed to huge quantities of air, the 

process of oxidation accelerates.  If applying this procedure, first the production zone 

must be defoliated with chemicals or heat, because later on it will not be possible to 

remove the leaves.   

 In electric harvesting procedures, high-voltage alternating current is led into the 

plant through the clusters and the berry stems.  The stems of the berries burn and the 

berries may be harvested without any injury suffered.  Detachment must be carried out 

fast to protect wine quality and the plant.  Using 10 kV requires careful, investment -

intensive safety measures against electric shocks. (Moser 1984) 

 The harvested produce is emptied mostly into the container vehicles moving in 

the parallel row.  Machines are rarely equipped with collecting containers.   

 Towed harvesting machines can be used also in mid-sized and bigger plants to 

avoid the utilization of contract labor in harvesting.  When selecting the appropriate 

machine, important criteria are its weight and mass distribution, design, hooping, and 

axle drive, the collecting container‟s size, and the delivery belt and the cleaning device 

systems (Figure 10.13).  Compared to self-propelled machines, their disadvantages are 

the smaller maneuvering capability and the slower travel speed. The advantage of modern 

towed harvesting machines is that they can be used on slopes of up to 30%.  The basic 

condition to their operation is a tractor with a towing power of at least 37kW (on slopes, 

44-51kW). Today, all towed harvesting machines are equipped with hydraulic axle drive.   

 Self-propelled harvesting machines (Figure 10.14) come with all-wheel drive, are 

expensive, but their capacity is significant.  They are equipped with 60-117 kW diesel 

engines.  Compared to towed harvesting machines, the self-propelled types have greater 

area capacity, their container has bigger holding capacity, and the hydraulic all-wheel 

drive enables a travel speed which is optimal in terms of slope and other field conditions.   
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 Under optimal conditions, the self-propelled harvesting machines can harvest 0.6–

0.7 ha per hour.  

 

 

 

 

Figure 10.13 Towed harvesting machine 

 

 

 

Figure 10.14 Self-propelled harvesting machine 
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10.2.3 Design and operational principle of harvesting machines 

 

 In case of mechanical harvesting, almost all machines use the mechanic-dynamic 

swinging-shaking method where the machines cause the grape rows to swing. The berries 

and the clusters detach when the force resulting from the acceleration caused by the 

swings exceeds the holding power of the berries. In older versions, a pair of shakers with 

ex-center drive serves as the detaching device. They are equipped with 4-8 cylinder shape 

plastic beating stocks reinforced with fiber glass (Figure 10.15). 

 

 

Figure 10.15 Operation of a detaching device with beating stocks 

  

 The shaker moves evenly on the horizontal plane.  It swings the rows by beating 

them from both sides, thus detaching the grapes.  The produce detaches primarily as the 

result of the swinging motion and not because of the beating.  The number of swings of 

the detaching device is adjustable gradually between 350-550 beat per minute from the 

operator‟s cab to take into account various conditions, especially the grape type and the 

ripeness of the produce. Good work quality may be achieved by changing the most 

important adjustment features of harvesting machines, namely the travel speed and the 

number of swings.  Their downside is that at the free end of the beating stocks out-of-
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phase swings may occur.  The design of newer shakers on the market since 1990 solved 

this problem.  As the ends of the beating stocks are fixed with bearings and the stocks 

have a different shape, the out-of-phase swings have been almost fully eliminated (Figure 

10.16). 

 

 

Figure 10.16 Shaker with bearings at both ends (Pellenc) 

 

As a result, harvesting has become extremely gentle on the produce.  The following two 

systems have been in use: 

 Beating stocks with bearings on both ends (for example, Braud, Pellenc), and 

 Drop shape beating stocks stiffened along their operational length (for example, 

ERO, Gregoire). 

 

The older versions may be also equipped with drop shape beating stocks.  Both systems 

apply protective methods, as the piercing style penetration by the stocks prevents large 

indented areas on the rows.  In addition, they operate with a lower beat number than the 
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old versions.  They better adjust to the row and have no uncontrolled out-of-phase 

swings.  (Walg 2005) The produce shaken off is caught in bowls or scaled plates and 

delivered to the collecting containers on ribbed conveyer belts or bowl type transporters 

(Figure 10.17).  For the purposes of removing leaves, stems or shoot parts, they use 2-4 

fans equipped with brushing and chopping implements.  The grapes are poured out of the 

containers by tilting the containers sideways or backwards.  The produce is distributed by 

using containers with distribution spirals.    

 

Figure 10.17 Main structural elements of grape harvesters 

 

 All self-propelled harvesting machines are hydraulically steered, with hydrostatic 

all-wheel drive.  They are supplemented with a built-in slope equalizer, therefore, they 

are easily maneuverable and their operation is quite safe.  The directional angle of the 

beats is mostly 90º.  

 Mainly electronic regulators and control mechanisms assist in improving 

performance and work quality. They adjust steering and height to the requirements of the 

harvesting unit.  They also control slope equalization, wheel slippages, the engine, and 



 298 

the hydraulic equipment. On newly designed harvesting machines, the gradual adjustment 

of the shaking‟s frequency has been supplemented with amplitude adjustment.  Riper 

produce can thus be harvested carefully.  

 The new machines working with a gentle shaking technique remove only a few 

leaves.  As a result, as in manual harvesting, only a small portion of MOG remains in the 

harvested produce.  

Today, multi-functional handles guide the machine‟s main function. The deck computer 

increases not only the number of the technical possibilities, but also allows the collection 

of operational data, facilitating data transfer between the various information technology 

devices. To improve the utilization of the machine, the computer automatically adjusts 

the height of the harvesting unit, accurately positions the machine according to the row 

distance, and sets the regulating and controlling devices and the anti-slipping mechanism. 

In order to ensure safe travel on sloping areas, the self-propelled, but also the other 

harvesting machines, can adjust to the requirements of uphill and downhill travel with the 

help of the front and back axles.  Driving performance equalizing the continuously 

alternating wheel load on the front and back axles can improve application safety. Work 

on a slope of up to 40% is safe.   

 The air-conditioned cab has ergonomic benefits for the machine‟s operator. As the 

cab is mounted on silent blocks, noise is decreased.  The air-suspension spring loaded 

seat adjusted according to the weight of the operator and set in the most favorable 

position is used for health protection purposes. The average adjustment values of modern 

grape combines (Walg 2005) are set forth in the table below: 

Impulse (1/m) 
Travel speed 

(km/h) 

Number of 

swings of beating 

sticks/ min 

Shaking 

frequency     (Hz) 

9–10 5–6 430–450 7.20–7.45 

 

 

Control questions  
1. What is the primary task of the mechanization of green work and what are 

the related machines? 
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2. What is the reason for using trunk cleaners and what are their application 

methods? 

.  

3. Summarize the theoretical solutions and operation of the binder machines! 

 

.4. Characterize the equipment suitable for trunk topping or heading 

procedures with the help of a drawing! 

 

5. What types of defoliating machines do you know and how do they 

operate? 

 

6. Summarize the characteristics of the various grape harvesting procedures! 

 

7. What types of mechanized procedures assist manual harvesting?  Discuss 

the operation of the machines used in these procedures! 

 

8. Summarize the operating characteristics of fully mechanized grape 

harvesting! 

 

9. Describe the structural characteristics and operation of the self-propelled 

grape harvesting machines! 
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11. Sorting and grading 
 

Before processing fruits and vegetables it is necessary to obtain the required 

uniformity of the raw material. Components which are inedible or have different physical 

characteristics to the initial product must be removed. 

A part of the harvested fruit and vegetable for fresh market get stored for shorter 

or longer period. After the storage, prior to selling the product must be cleaned, sorted by 

size, colour, shape or weight, in some cases than packed in uniform units.  These 

activities increase the value of the product: the clean, uniform in size, in colour etc. fruit 

and vegetable lots are more valuables than the mixed ones.  

The above tasks can be carried out by the activities which are often mixed: by 

sorting and grading. 

Sorting means the separation of raw materials into categories on the basis of 

shape, size, weight, image and colour, density, blemish, internal/taste, etc.   

  Meanwhile grading is the assessment of a number of characteristics of fruits and 

vegetables to obtain an indication of their overall quality. A few characteristics cannot be 

examined automatically, in these cases grading is carried out by trained operators. In 

some cases grading is based on laboratory analyses results.  

Generally speaking: grading is the result of more than one quality assessment. 

That‟s why is grading more expensive than sorting (which looks at only one 

characteristic). 

 

  The sorting/grading process can be carried out on sorting/grading lines. It 

combines many smaller units, all of which has its own task.  

 

The main activities of the sorting/grading  process can be: 

• supplying the product on the line, 

• sorting out the worthless and unusable part, 

• cleaning the valuable lots 

• sorting and/or grading by measurable quality characteristics, 

• delivering the lots into different collecting facilities, and finally  

• packing 

 

The sorting/grading lines can be divided generally into  

1. supplying 

2. sorting/grading and 

3. delivering parts (Figure 11.1) 
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Figure 11.1 Main parts of a sorting/grading line. 

1.: supplying unit, 2.: sorting/grading unit, 3.: delivering parts 

11.1 Activities on sorting lines 

 

11.1.1  Supplying  
Mostly they have to deal with the product transported from the field in pallet bins. An 

important part of them are the bin emptying machines. The pallet bins can be emptied dry 

or wet (in water). In both cases the main goal is to avoid damages to the product.  

The figure 11.2 shows a typical solution of dry emptying.  Firs an extra top (3) is placed 

on the pallet bin (2) than a mechanism (1,4,5) tilts the bin. With the partly opening of the 

top the fruits roll out smoothly of the bin.  

 

 

 

 
Figure 11.2 Tool for dry emptying of pallet bins 

 

For delicate fruits the emptying into water is the better solution. Figure 11.3 shows the 

principle of such technologies. Pushing the pallet bin under water the fruits will swim on 

the water surface due to their lower density. An artificial water stream is needed to drive 

the fruits to the conveyor. 
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Figure 11.3 Technique for emptying the pallet bins into water 

 

 

 

11.1.2 Sorting out of worthless parts 

The sorting line starts in most of the cases with sorting out of worthless and 

unusable parts, products with quality below standards, damaged pieces, impurities, like 

stems, leaves, soil clods etc. Sorting out can be done by a sieve conveyor with square 

measuring gaps or even manually (see Figure 11.4). 

 

 

 
Figure 11.4 Machines for sorting out of worthless and unusable parts 

 

 

11.1.3 Cleaning machines 

Cleaning the surface of the products from impurities (i.e. mud) is carried out at the 

very beginning of the technology line to prevent the stain of further machines and the 

other products. We may distinguish between dry cleaners and wet cleaners (washer). 

The usual dry cleaning machines are supplied with one or two layers of rotating 

brushes (Figure 11.5). They produce a great amount of dust, which must be sucked away 

by fan, than filtered and settled. 

 



 303 

 
Figure 11.5 Dry cleaners with one and two layers of rotating brushes 

  

In some cases wet cleaning machines are combining rotating brushes and water 

sprayers. In other cases the product is driven through a water filled washing tank by 

rotating brushes (See Figure 11.6). 

 

 
 

Figure 11.6 Wet cleaners: rotating brushes with water sprayers (Left) and washing tank 

11.1.4 Sorting 

Sorting can be done by using sorting aids or automatic sorting machines. Using 

sorting aids the decision is made by the manpower, the aids are only facilitating the work.  

Such aids are conveyor belts, roller conveyors and belt conveyors. 

Conveyor belts are used for small size or irregular shaped products, like 

strawberries, cherries, peppers, etc (Figure 11.7). 

  

 
Figure 11.7  Conveyor belt for sorting pepper 
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For round products either roller conveyors or belt conveyors are the good choice 

(Figure 11.8). In both cases the fruits (apples, oranges, etc.) or vegetables (tomatoes, 

onions, etc) are rotating, so the workers don‟t have to take the products one-by-one in 

their hands to make the decision. 

The roller conveyor rotates the product along its horizontal axis. At the belt 

conveyors the speed of neighbouring belts is different: they are rotating the products 

around their vertical axis. 

 

 
 

Figure 11.8 Roller and belt conveyors for sorting manually 

 

General rule for manual sorting: the product should not be separated in more than 

3 different fractions by a sorter.   

Automatic sorting machines are available for size, colour, shape, weight, density 

and 

internal/taste (NIR) separation (see later). 

 

11.1.4.1 Size sorting 

The sorting by size separates solids into two or more fractions on the basis of 

different sizes, usually by sieving or screening. Size sorting is one of the methods to get 

uniform lots of fresh market products. It is also important for fruits and vegetables which 

have to be heated or cooled, as large differences in size might lead to over- or under-

processing of the product. 

Size sorting can be carried out according the biggest square diameter and 

according more square diameters. In both cases static and dynamic sorting can be 

distinguished (Figure 11.9). 
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Figure 11.9 Methods for size sorting 

 

Sorting according biggest square diameter and according more square diameters 

can be explained on a typical apple-shaped object. According Figure 11.10 when sorting 

according the biggest square diameter the object can get by chance either in the size 

fraction D or h. When sorting according more square diameters the only size fraction 

which matches is D.  

 

 
 

Figure 11.10 Sorting according biggest square diameter and according more square 

diameters 

When sorting according biggest       When sorting according more 

square diameter the result depends on       than one square diameters: 

the position of the product:                   correct separation 

uncertain sorting 

 

The sorting process is called static, when the product doesn‟t move relative to the sorting 

element. 

The sorting is called dynamic, when the product is moving (turning) relative to the 

sorting element. 

 

Examples for the different sorting possibilities according Figure 11.9. 

Sorting statically according biggest square diameter can carry out using a series of grid 

conveyors of different gaps, or by a pair of diverging belts (Figure  11.11) 
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Figure  11.11 Series of grid conveyors (left) and a pair of diverging belts 

 

 

Sorting dynamically according biggest square diameter can be carried out by  using a 

conic turning table, where the measuring gaps are increasing gradually (Figure 11.12). It 

works dynamically, because the products are rolling relative to the gap.  

 

 

                          
 

Figure 11.12 Conic turning table for sorting dynamically 

 

The continuously changing gaps on the roller conveyor sort also dynamically and 

according the biggest square diameter (Figure 11.13 ). 

 

 

               
 

Figure 11.13 Dynamic sorting by a roller conveyor with continuously changing gaps  

 

 

 

Sorting statically according more than one square diameter 
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The two different types of sieve conveyors and the sieve cylinder in the Figure 11.14 are 

sorting according more than one square diameter of the product, but there is no speed 

difference between the gaps and products (static sorting).  

The gaps are increasing from sorting unit to sorting unit. The oversize fruits or vegetables 

don‟t fall through on the last unit.  

  

 

 
 

Figure 11.14 Equipments with square and round measuring gaps 

 

 

Another example for this category is the shutter sorter with changing measuring 

gaps (Figure 11.15) 

 

  
Figure 11.15 Shutter sorter with changing measuring gaps 

 

 

Sorting dynamically according more than one square diameter 

Typical example for sorting dynamically according more than one square diameter 

is the pair of rotating helix axles with changing cross-section. Its disadvantages are the 

high price and the low output (Figure 11.16).  
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Figure 11.16 Pair of rotating helix axles with changing cross-section 

 

 

A widely used solution in this category is the series of convex rollers of changing 

sizes and convexity. They are rotating the product by transporting it and the gaps are 

“measuring” more than one square diameter (Figure11.17) 

 
 

Figure11.17 Series of convex rollers of changing sizes and convexity 

 

11.1.4.2 Weight sorting  
The first weight sorters have used trays of uniform size. The trays containing one 

product each were conveyed by a pair of chains. Each tray had an axe which enabled it to 

tip. A bolt on the side of the tray was running over a rail, preventing the tipping of it. The 

rail was 

discontinued from time to time by balances. If the weight of the product in the tray was 

higher than the preset balance value, the tray was tipping down and the product has fallen 

of in one of the weight fractions.  

In the modern colour sorter the weighing is done electronically, which enables to 

preset the weight values and also the collection of data concerning the sorting procedure 

(total throughput, weight distribution, etc.). Each fruit or vegetable is placed 

automatically into a separate carrier. An electronic weighing system is used for both 

product and product carriers. After weighting the products are gathered in separate areas 

according their weights.  
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The latest sorter can provide a weighing accuracy of better than +/- 1.0 gram per 

fruit (Figure 11.18) 

.  

 

                 
 

Figure 11.18 Working principle of weight sorters 

 

11.2 Activities on sorting lines  

 

11.2.1 Shape sorting can be accomplished manually or mechanically with, for example, a 

belt- or roller-sorter. When it is done automatically, the computer program determines 

other characteristics at the same time. 

 

11.2.2 Size and shape sorting together can be done using image processing. By 

measuring multiple diameters from multiple digital images of each fruit, the fruit can 

optically sorted for size and shape. 

Unusual fruit shapes that impact diameter, such as flatness and elongation, can be 

separated by this technology (Figure 11.19). 

 

 
 

Figure 11.19 Electronic shape and weight sorter 

 

11.2.3 Density sorting is performed using accurate diameter readings as well as accurate 

weight readings for each fruit.  

The cut point between acceptable fruit and not is easily adjustable by the operator.  
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11.2.4 Blemish sorting is based on image processing. Sorting units are available already 

for 

oranges, lemons, mandarins,  apples, kiwifruit, pomegranates and avocados. 

 

11.2.5 NIR separation  includes a light source which is focused to illuminate a piece of 

fruit as it passes under the NIR system. Some of the light penetrates the fruit and is 

retransmitted. 

 The colour of the transmitted/reflected light is affected by the internal properties of the 

fruit.   

The fruit reflection is measured by a spectrometer. This is an extremely sensitive colour 

detector, used to measure the colour difference in the transmitted/reflected light.  

A digital signal processor (DSP) is used to process the information from the spectrometer 

and estimate the internal properties. The information is processed by the Internal Quality 

Sorting software and used as part of the fruit sorting information.  

NIR can be used either in the reflectance mode (bouncing off or absorbed by the fruit) or 

in the transmission mode (passing through the fruit). 

NIR wavelengths (800-2500 nm) are just slightly longer than those of visible light (400-

750 nm) and are considered part of the infrared portion of the spectrum. Infrared (IR) can 

be used to measure temperature non-destructively. 

NIR energy is absorbed by certain chemical groups (i.e., CH, OH, and NH) and not by 

others, allowing for detection and quantification of certain compounds. Among these 

compounds are chlorophyll, soluble solids, proteins, etc 

 NIR technique can be used in fruit and vegetable sorting for bruise detection, soluble 

solids, defect sorting, maturity, sugar content, etc. 

The commercial equipment works as follows: The fruits or vegetables are placed on a 

belt, than they passes through an instrument which measures temperature using IR. They 

then passes through another box which shoots NIR light at them. The reflected light is 

read by a sensor and level of soluble solids is computed from the amount of light 

absorbed at certain wavelengths in the NIR range vs. the amount reflected. In the next 

step, fruits pass through a larger box containing a skin colour sensor and either a 

volumetric or weight seizer. 

 

11.2.6 Automatic colour sorting 

At the very first constructions of colour sorters the reflected light of a special 

lamp from the product was processed by a colour sensor and decision was made to divert 

them into two categories. This technique is still used on tomato harvesters. 

Modern colour sorters possess high speed image processing hardware system and real 

time data processing of massive information of colour CCD image acquisition system.  

The colour sorting machines are also able to detect and remove soft, rotten, unripe, 

discoloured products, as well as insects, stems, leaves, and all kind of other foreign 

materials. 
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12. Greenhouses  
 

The term of plant growing structures involves all the technical solutions by which 

both the value of climatic parameters of ornamental and vegetable growing (as 

temperature, illumination and air humidity) and the components of air (especially the 

concentration of carbon-dioxide) can be regulated. Both regulation and keeping on the 

same level of every climatic parameter cannot be accomplished precisely by a single 

device. Therefore, plant growing structures involve many technical solutions all over the 

world. The importance of the climatic parameters for regulation is determined by the 

geographical features of the site of plant growing structures (note it that air humidity is 

not a state function). For example while ensuring the so-called ti temperature in Hungary, 

then in the Mediterranean region the (limitation) of lighting is the most important task in 

order to realize economic yield. Other, non-technical devices also can be found in plant 

growing structures allowing the regulation of the climatic features mentioned above, 

which determine profitability of cultivation in certain cases (e.g. energy conserving 

screens in Fig. 12.1). Before reviewing of the operation of plant growing structures it is 

necessary and useful to define the geometry dimensions (width, average interior height 

and average length) of the units.  

 

 
Fig. 12.1. Energy screen in open position 

 

12.1. Geometry of Plant Growing Structures 

 

The large-scale (industrial) ornamental and vegetable plant cultivation requires 

both the biggest floor space and coating matters with high-level heat insulation and light 

transmitting ability. Based on this the possible covering materials:  

  

 glass, 

 light-transmitting polymer foils [polyethylene (PE), polyvinyl chloride (PVC), 

ethylene vinyl acetate (also known as EVA), polyvinyl fluoride (PVF)] and hard 

or semi-hard disks [polymethyl methacrylate (PMMA), polycarbonate (PC), or 

glass fiber reinforced polyester]. 
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At the early stage of establishing plant growing structures (which happened in the 

1960‟s) gutter-connected greenhouses with glass covering were used widely. Two or 

more open plan bays were attached by their lateral sides with eliminating the common 

glass walls and carrying greenhouse blocks out this way. Before this period window 

frames of seedling nursery greenhouses of 1.2 x 0.8 m with a special glass type – the 

0.4m wide and 3.6 mm thick “gardener –glass” – were used and later this 0.4 m width or 

rather its integer multiply became decisive referring to the module size. Therefore, 3.2 m 

and later 6.4 m wide multispan structures were adapted in general (shown in Fig. 12.2.). 

Considering the gradient of the roof at 30 degrees with the horizontal, the height of the 

greenhouse ridgeline used to not exceed the value of either 3.2 or 4.5 m which was 

determined by the 2.2 - 2.7 m height of the gutter providing rainwater diversion. This is 

the reason why the value of the average height of the gutter-connected (also known as 

multispan) structures is 2.7 - 3.6 m.  

 

 
Fig. 12.2. Gutter-connected plant growing structure 

 

We can state that the value of thermal inertia of the facilities established in this 

way is too small. The small value of specific heat capacity of air also has a negative 

impact on plants influenced by the parameters of the air temperature regulation (as the 

regulation intervals or the amplitude of the temperature fluctuation). This negative effect 

was verified in the course of cucumber growing and also justified the necessity of 

increasing the value of thermal inertia by raising the average ceiling height. Due to the 

same intention the value of the module width of multispan structures has been increased 

since the 1970‟s, too. Plant growing bays with 12 m module width m bays have been 

established mainly in Hungary, while 16, 18, 24 or 32 meter wide units may be also 

found in other countries. Considering both in soil (e.g. at carnation cultivation) and on 

table cultivation (as potted plants) the technology process of ornamental cultivation set 

up a claim to wider greenhouse bays in the past few decades. Although it is a fact that 

the area of plant growing structures used for ornamental cultivation is one order of 

magnitude smaller than the one used for vegetable production in Hungary. Considering 

cropping technology aspects and based on the feedbacks of the growers, plant growing 

structures with either 3.2 m or 6.4 m wide and up to 50 m long bays are the most 

appropriate ones for plant and vegetable cultivation. 
 

Considering vegetable cultivation, a significant change in plant variety occurred 

in the past decade. The demand increased for all the varieties of plants with longer crop 

cycle than 11 months since greenhouse vegetables in the southern (Mediterranean) 
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regions can be cropped with smaller heat energy input throughout most of the year. 

Therefore, cropping in greenhouses in Hungary is marketable in that period of time, 

when fruiting of the plants because of the summer heat either ends or starts not yet in 

these countries. This situation explains why the use of varieties with 5 – 6 month long 

crop cycle is preferred to the earlier adapted 11-month-cycled ones. In consequence of 

double time cultivation both biomass production and growth in size of plants make 

double. The wire system used for directing the growth inside plant growing structures is 

usually attached to the ridgeline. In regards to the general value of the gutter height, 

there was not enough room for the growth of plants in the existing plant growing 

facilities in Hungary. Due to the changes above 4.5 or even more then 5 meter high 

greenhouses used for vegetable growing can be regarded as the most advanced ones.  

 

In addition to this, more questions have been raised about the length of plant 

growing structures. More technical solutions exist for leading the rainfall off from the 

gutter. In spite of this potential, more expensive technical solutions have to be adapted 

for the structures longer than 100 m. Due to the growth of expenses, the installation of 

several multispan structures connected into one is cheaper than the establishment of one 

than 100 m, which fact explains the absence of 100m or more long structures.  

 

There are differences in geometric features of greenhouses concerning those 

functions as well. 

 

12.2. Outgoing Heat Flux on The Scope of Different Designs  

 

Having regard to greenhouses adapting conventional transfer medium (e.g. water) 

for heating, the outgoing thermal energy in one second (also known as outgoing heat 

flux) can be divided into two parts: heat conduction through the boundary surfaces and 

heat convection by air exchange through the gaps of the cover (also concerning on the 

value of basic air exchange rate).  

 

12.2.1. Outgoing Heat Flux by Heat Conduction 
 

      
ei.hat.vez.vez

ttAkQ    W 
 

where: Ahat.   boundary surface area of the plant growing structure  m
2
, 

  kvez.  total heat transfer coefficient   W·m
-2

·K
-1
. 

  
 The difference between internal and external temperature (in other words the value 

of (ti – te)) is usually indicated by  t. This temperature difference is provided by the 

adapted heating system. In the light of this, plant growing structures can be classified by 

their function as:   

- plant growing-,  

- propagating-, 

- wintering plant growing structures.  
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 In the case of plant growing structures, the value of  t must be 25 C at least which 

is also considered in calculations. Since the boundary surface of the plant growing 

structures is given by the geometric parameters, thus the concrete value of heat transfer 

coefficient is needed only, which can be determined by the next formula:  
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where: i  – heat transfer coefficient concerning with the internal air mass and the 

wall  

e – heat transfer coefficient concerning with the external air mass and the wall 

  W·m
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·K
-1
 

n – number of light transmittance layers ,  

j – thickness of j
th

 layerm   
j – heat conductivity coefficienct of the j

th
 layerW·m

-1
·K

-1
  

 

In so far as gaseous stated layer (e.g. air) with lev. thickness is located between n 

number solid phase layers, then the following regression equation should be used instead 

of 
.lev

.lev




, since not just heat conduction takes place there:  

 

0,023ln(
.lev

 ) + 0,242.  

 

The value of total heat transfer coefficient based on this:  
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Adapting the datas of the most commonly used 3-layered (foil-air-foil) cover, the 

value of the outgoing heat flux calculated per m
2
 is:  140Q80

.vez
  W, while this value 

is 200 W in case of adapting a conventional, one-layered cover (4 mm thick glass).  

 
 

12.2.2. Outgoing Heat Flux by Air Exchange 

 

)]xx(rtc[VzQ
eip.levház.lég

  [W] 

 

 where: 
ház

V volume of air inside the structure of the greenhouse [m
3
] 

z  air exchange rate, shows that how many times exchanges the volume of plant 

growing structure with the external one in one hour  [h
-1

] 

 
p

c specific heat capacity of the air at constant pressure   [Wh·kg
-1

·K
-1

] 

 r  value of the latent heat of evaporation of water  [Wh·kg
-1

] 
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(xi – xe)  difference in the value of absolute mositure content of internal and 

external air mass       

 ]kg/kg[
.szárazlevvízgöz

 

 

The value of air exchange rate is always bigger than 0 even in case of closing 

every door and window, though it would be better from the aspect of energetics. This 

occurs because the internal growing area is not separated utterly from the external one. 

However, this purpose would not be preferred, since the plants in the greenhouse 

transform some carbon dioxide by absorbing light energy in order to convert it to 

chemical bonds. Carbon dioxide supply can be provided through the gaps of the cover 

only.  Due to the higher partial pressure of the carbon dioxide content of the external air 

and density difference affected by the diversity of the external and internal temperature, 

air flows into the growing area from outside. There are also differences in the so-called 

basic air exchange rate considering the material of the cover. By the use of glass cover 

this rate is 1.2 h
-1

, while in case of polyethylene foil covers it equals 0.8 h
-1

. In 

accordance with above, the value of outgoing heat flux by air exchange is: 

120Q70
.lég
   W/m

2
 assuming a well-designed and maintained plant growing structure.  

 

Other heat fluxes (as heat flux to the ground water evolving in the deeper layers 

of the soil) are usually not taken into consideration at practical calculations or planning, 

having regard the order of their magnitude and temporal alteration. Thus, the sum of the 

two heat fluxes gives the maximum value of the total outgoing heat flux, which is 

essential for planning, and the range of its value: 
 

W320QW150
összes

  per square meters depending on the design.  

Considering the above and in accordance with the need of the farmers, 150 – 250 

W per square meter in case of vegetable cultivation, and 250 – 320 W per square meter 

in case of ornamental cultivation can be expected for the value of outgoing heat flux in 

reference to a well designed, modern plant growing structure.  
 

Knowing the maximum value of the heat flux leaving the plant growing structure 

is necessary for planning the heating system. But this energy loss is not occurring longer 

than 10 – 15 days a year or per production cycle. Hence, it is more important to know the 

total energy demand for heating besides the value of a given ti (e.g. daily average) 

temperature.  

 
12.3. The Evolution of Annual Heat Energy Demand 

 

The energy demand of a given term (year, heating cycle) can be quantified by the 

definite integral of the outgoing heat flux in the interval of the examined term. With the 

substitution of the equations above we receive the connection as follows: 
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 where: klég. = heat demand coefficient quantified from the outgoing heat flux by air 

exchange 

  
1

ei.hat.lég.lég
)tt(AQk



      [Wm
-2
K

-1
] 

 1 = start of heating date, 

 2 = end of heating date,   

 1 - 2 = heating degree days during the period of (1 - 2), which can be 

quantified by the upcoming definite integral: 
 

          








2

1

21
ei

tt  d    Ch 

 

The te() function represents the temporal change of the external temperature. This 

function quantifies the actual outdoor temperature at a certain moment of a given day of 

the year by average of several years‟ data. Having regard to the difficulties of 

determining this function, and the fact that is not necessary to endeavor to make an error 

less than 2 – 3 % hence using the function of daily external average temperature (
e

t ) is 

adequate. The general form of this function:  
 

te()  
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After integrating, Γτ1 – τ2 function can be determined easily for any period between the 

days of 1 and 2: 
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 The constant “24” in this connection represents the term of a day as 
the unit of time for simplifying the calculation. Due to this simplification, 

the value of internal daily average temperature (
i

t ) presumed constant is 

adapted in the integrand instead of the function of temporal change of the 

internal temperature demand ti(). This does not exclude the possibility of 
changing the value of average daily temperature during the cultivation 
process. In this case, the mean of average daily internal temperature 
calculated for the heating period has to be adapted.  

 

In regard to above both the parameters mentioned before (geometric measures, 

internal and external temperature and heat fluxes, thermal parameters) and the 
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coefficients of external daily average temperature („A”, „B” and „C” in the equation 

above) have to be considered for the definite calculations.   
 

To the quantification of these parameters the function above has to be fit to the 

meteorological data series of a certain geographical place. After the fitting has been 

carried out with applying meteorological datasets of some places, the values of 

coefficients can be determined this way: 

Table 12.1. 

 A [°C] B [°C] C [°C] 

Budapest 10,8 11,1 9,2 

Kaposvár 10,3 10,5 9,8 

Kecskemét 10,2 11,5 9,2 

Miskolc 9,5 11,7 9,3 

Nagykanizsa 10,2 10,7 9,3 

Szeged 11,2 11,5 10,1 
 

 

In order to calculate the energy demand, there is nothing more to define just the 

lower and upper limit of the definite integral, in other words the start and the end of 

heating. As the result of this, both the starting and the ending date of heating is 

represented by that calendar day, when the outdoor daily average temperature equals the 

desired internal one. These limiting days of the heating interval can be also determined 

by the regression equation. There is some error of this approximation of course: it does 

not take into account those nightly hours when the external temperature is lower than the 

average daily one, hence the heating must be operated longer by 2-3 days or more. This 

extra time may result in a 5 – 6 % surplus of the annual heating energy. The correction in 

calculation as this one can increase the time consumption of accomplishing the 

regression analysis, meanwhile the magnitude of error of the differences between real 

outdoor temperature and data series does not decrease. The fluctuation of the relative 

error can be more than 25 – 30% between the real external temperature and the average 

of meteorological data series of the past 100 years. 

 

For example: in accordance with the regression equation above, in a plant growing 

structure located at the border of Szeged with the outgoing heat flux of 210 W, 230 kWh 

heat energy is needed per one square meter of the  surface area in a year in order to keep 

20 °C internal temperature. 

 

12.4. Heat Rejecting (Heating) Systems and Their Temperature Level  

  

The heat flux leaving the growing area has to be replaced by heating. The heating 

can be performed indirectly (e.g. using electric heaters) or via transfer medium (e.g. air, 

water, oil). The indirect method can be adapted in plant growing structures with small 

power demand (maximum 10 kWth). At the other variety of heating the medium can be 

either gaseous or liquid. The medium can transfer the heat energy from the production 

site (e.g. from the furnace) to the location of use by means of open or closed 



 318 

thermodynamic cycle, while the medium temperature decreases maximum 20 °C or 

changes phase. In case of direct air heating, a thermodynamically opened cycle is 

realized since the internal air mass of the plant growing structure is heated by either 

flame-to-air heaters or heat exchangers.  In regard to the low value of the specific heat 

capacity of air, this heating method results in intensive temperature increase, therefore it 

demands a non-neglible level of (usually electric) energy for the circulation of the 

medium. In order to provide the same level of thermal comfort for the plant with the 

static air, a higher air temperature is needed which increases the energy consumption by 

10%.  The inhomogeneous temperature field evolved by the air flow along the 

longitudinal axis of the bays of the structure does not help the plant cultivation. This is 

the reason why this method is seldom adapted nowadays.  

 

In case of using H2O as transfer medium warm-, hot water and steam operated 

heating systems can be distinguished by the status indicators of the medium. The 

convective and radiant heat flux have different ratio in the total heat flux emitted by 

these systems. However, heat conduction can be neglected by each method. Warm water 

heating can be operated at the lowest over-temperature compared to the ti temperature of 

the growing space, hence this method provides the lowest heat radiation ratio.  Warm 

water heating is the most commonly used procedure because its use means the smallest 

risk of scorching for the cultivated plants. If warm water gets to the heat emitters from 

the furnace, the medium has to provide heat energy to the heat emitters in closed process. 

Closed system has to be meant in the sense of thermodynamics namely zero amount of 

water flows in and out the system. This is the reason why no need to reckon with scaling 

inside the furnace. However, the system is also opened in the mechanical sense: higher 

(over)pressure than at the growing area exists cannot be formed inside the system. If it 

happens then it is considered as a pressurized water heating method. An opened system 

is realized by the utilization of thermal water as heating medium, because after a fall in 

the temperature the water leaves the system to the environment. This opened cycle 

method of heating generates a significant dissolved salinity which precipitates to the 

walls of the system because of temperature decreasing. For this reason the heating water 

can become saturated or even oversaturated easily, furthermore its salinity content can 

precipitate continuously resulting in less heat transfer and flow section within the heat 

rejecting units.  To avoid these harmful effects, heat exchangers have to be inserted into 

the heating system, which primer circuit is run by open-surfaced thermal water while the 

secondary circuit is operated in closed way.  
 

 Inside the growing areas, four independent kind of warm water operated heating 

circuits can be estabilished, namely:   

 

1. air heating:, warm water streams in the heat dissipating units at maximum 90C 

and flows back into the furnace by losing no more than 20 C of its temperature. 

Heat rejecting surfaces can be built from plain (Fig. 12.3.) or cross finned pipes 

(Fig. 12.4.). Pipe bundles mean another technical solution, which can be placed 

either in the plain of gutter or on the side of the gutter-holding columns at the 

height of 1 m.  
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Fig. 12.3. Air-heating          Fig. 12.4.  Air heating  

by plain surfaced pipes        by cross finned pipes 

      
 

2. “Plant shoot heating”: this method is used at vegetable cultivation only. The 

heating pipes with 2 or 3 fins (Fig. 12.5.) made from metal or polyethylene are 

suspended. The vertical position of the pipes can be set by the suspension which 

enables to follow the height of the stem. Both the temperature of 30 C in the 

pipes and the temperature difference of 3 - 4 C between the inflow and outflow 

water should not be exceeded. For this reason this heating method can provide 

just 1 – 2% of the total heat energy demand. However the temperature close to 

the heat rejection surfaces is higher by 2 – 3 °C, which results in smaller partial 

vapor pressure in the air around the shoot. The air humidity decrease hinders the 

growth of fungi. This is the reason why this “heating” also gains ground as a 

plant protection method. Due to radiation heat flux the average temperature of 

stem increases by 1 – 2 °C which has a beneficial effect on the growth as well.  

 

 
Fig. 12.5. “Plant shoot” heating 

 

3. Vegetation heating: it can be installed both on the ground and above the surface 

level (usually on stands) and it also can be used at the cultivation in both soil 
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and hydroponics. The diameter of the pipes is usually 2.5” or 3” (Fig. 12.6.). 

The inlet temperature of the heating water is 40-42 C, while the outlet is colder 

than this by 5-6 C. Considering vegetable cultivation, heating pipes are located 

in the row spacings, and the pipelines also function as the rails of 

harvester/collector trolleys. In case of ornamental cultivation, benches hold the 

polyethylene pipes wherein the water is led at the temperature of 30 – 35 °C and 

it flows back to the furnace via collector pipes after cooling down by 2-3 °C 

(Fig. 12.8).  

 

 
Fig.12.6. Vegetation heating 

 

Fig. 12.7. Vegetation pipline as the rail of the harvester trolley 

 

 
Fig. 12.8. Vegetation heatin on benches 

 
  

4. Ground heating: In order to avoid corrosion, polyethylene pipes are laid into the 

ground at the depth of 60 cm from the surface level at least. The value of row 

spacing should be no more than the depth is. The inlet temperature of heating 

water cannot exceed 30-32 °C permanently, having regard to the optimal 

temperature of nutrient uptake at the root zone.  Considering vegetable 
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cultivation in hydroponics this method has lost its importance by now. Its 

portion of the required heat flux is no more than 4-5% either. Metal pipe 

bundles are usually placed under the planting tables in case of ornamental 

cultivation (Fig. 12.9). However, the inlet temperature of heating water may 

exceed 55 °C because planting tables (or benches) are heated from below 

indirectly by pipes emitting heat flux via heat convection and radiation.  

 
Fig. 12.9. Using ground heating at ornamental cultivating benches  

 
 

Spatially and temporally optimal temperature field can be provided for the plants 

by operating heating circuits described above and also relative air humidity may be 

reduced slightly. Heating circuits can be connected in serial due to the inlet and outlet 

temperature of each heating circuits, which procedure effects the greatest fall in the 

temperature of heating water by either thermal water or waste heat utilization. Based on 

a scientific statement, the most effective allocation of heating pipelines can be 

considered if the plant gets into the way of heating flux. In accordance with the above 

the method of air heating with top layout can be considered the most favorable heating 

process for the plants. Heat flux emitted by convection and radiation cannot be achieved 

without the presence of air heating systems.  Approximately 70 % of the heat flux can be 

achieved in the most up-to-dated vegetable growing structures by using vegetation 

heating only.  
 

Circulating heating water can be performed by either forced or natural 

circulation. Pressure difference (with the value of hgp   ) forces the fluid to 

flow in the pipelines considering natural circulation. This pressure difference can be 

derived either from r density difference affected by temperature alteration or by water 

surface level differences. In regard to plant growing structures, there is just a slight 

difference in height level, and moreover the length of the heating pipeline system is too 

big. It follows from this that recirculation pumps have to be applied in the systems, 

realizing forced flow this way. Usually radial pumps are used for this purpose, which are 

installed following either the so-called distributor pipe or the heat rejection units (before 

the reduced temperature water would enter the collector pipe). The pump is built in the 

discharged side (the side with positive pressure) in the first case while it is mounted in 

the suction side (side with negative pressure) in the second one. The standard 
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temperature of the pump installed to the suction side cannot exceed 70 °C, which is 

favorable considering dripping loss. However, the so-called WILO pumps (waterproof 

devices in which both the rotor and the pump house are placed into a casting and 

adapting synthetic resin to avoid water leakage into the coils of the electric motor) are 

capable to operate a discharged system safely.  

 

Energy saving has gained importance recently which makes temperature 

regulation for an important task to deal with. One of the technical solutions is the two 

port valve which delivers the 90 °C inlet water to the heat rejecters in order to hold the 

level of a certain indoor temperature (ti) at a constant  )(t
e
  outdoor one. The range of 

the internal temperature fluctuation becomes too wide at the use of this device, which 

can exceed 3 - 5 °C as well. Another option is supplying the heat flux as a function of 

external temperature by water with the temperature of 20 – 80 °C, as it follows: 
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where: khőleadó – heat transfer coefficient of heat rejecter      [Wm
-

2
K

-1
] 

   Afűtő  – surface of heat rejecters    [m
2
] 

 )tt(t
kibefütö

average temperature of water flowing into the heat 

rejecters (at tbe temperature) and out of that (at tki temperature) 

    [°C] 

 

Water flow with temperature of tbe can be provided either by three or by four port 

valves. By the use of these valves some portion of the water circulating back to the 

furnace is mixed to the one flowing from the heat rejecters. Any temperature between 90 

°C and ti can be adjusted by varying of the mixing ratio. The temperature fluctuation 

range can be reduced to one-third part by using three or four port valves, which fall has a 

very positive effect on plant growing. Water flows with big temperature fluctuation can 

damage the furnace which chance can be reduced by adapting four port valves (Fig. 

12.10.) instead of three port ones. Furthermore this installation can reduce both the 

impact of sulfur corrosion and the chance of furnace cracking caused by cold water.  
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Fig.12.10. Three port valve 

 

12.5. Options of Air Conditioning in Summer  
 

The balance equation of plant growing structures with good approximation: 

 

 )xx(r)tt(cVz)tt(AkAq
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where: 
.á.k

fraction of luminous flux passing through the external shading 

device and the total incoming luminous flux. If no shading screen exists then 
..ák

 1, 

   
NAP

q intensity of solar radiation incident on the ground   W·m
-

2
 

   
.át

rate of light transmission of the cover of plant growing structure 

   
alap

A  floor surface of plant growing structure    m
2
. 

 

By means of the equation above, the actual internal temperature (ti) with no 

heating can be determined, which value is proportional to the increase of solar intensity. 

The value of solar radiation in Hungary can reach 600 W/m
2
 which can raise the internal 

temperature to more then 50 °C. The plant is not photosynthesizing during that period of 

time rather tries to emit the absorbed energy towards its environment by evaporation for 

example. Water flow required for the evaporation cannot be provided by the xylem 

tracheids only. Unfavorable processes take place inside the plant in this case due to the 

decrease of turgor pressure which is the reason for lowering the internal temperature. 

Several options are available to achieve this goal.  

 

12.5.1. Shading 

 

This method can be accomplished in several ways. The shading surface can be 

placed outside the plant growing structure (this installation is called external shading 

shown by Fig. 12.11.) and it can be located in the plant growing area, too. A third option 

is called smudging which means the reduction of the surface of the cover of the plant 

growing structure intentionally by having effect on the value of light transmission ability 

(
.át

 ). Scattering clay powder on the cover has been the simplest method since the birth 
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of plant growing structures  in order to decrease the light transmitting ability. A large-

scale method also exists to achieve this goal, of course. An appropriate composition of a 

special fluid is sprinkled on the light transmitting surfaces (Fig. 12.2), which is removed 

by a dissolvent fluid in autumn. Both the use of an external shading system and the 

adaptation of smudging have an effect on internal temperature. There is no factor in the 

relation above which could describe the indoor shading systems (Fig. 12.13) since the 

substation part of luminous flux is absorbed in the material of the shading screen and 

turned into heat energy. The indoor air mass heated by the absorption of luminous flux 

radiates that range of electromagnetic waves in which both the glass and most of the 

polymer derivatives are opaque. This phenomenon is called greenhouse effect.  

 

                  
Fig. 12.11. External shading device                 Fig. 12.12. Applying smudging on the 

coverage  

 

 
Fig. 12.13. Internal shading system 

 

12.5.2. Air Ventilation 

 

The internal air temperature can be reduced by increasing the value of so-called 

basic air exchange rate. For determining the actual value of air exchange rate we need to 

know the value of air flow per time unit generated inside the plant growing structure. 

The methods used for air ventilation can be classified in two groups: natural way 



 325 

(ventilation arises due to temperature difference) and forced way (air flow is generated 

by devices, namely by fans).  

 

12.5.2.1. Natural Ventilation 
 

 Considering this ventilation method a given amount of air flows inside the plant 

growing structure through the surfaces opened on coverage (
.szell

A ) while the same 

amount of air leaves through the remaining part of the surface of openings. The average 

air velocity is determined partly by density difference derived from temperature 

difference of indoor and outdoor air masses: 
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 where: 
e

 density of outdoor air mass    [ kg·m
-3

 ]  

  cubical thermal expansion coefficient of air with the value of 273
-1

 K
-

1
 approximately 

 

 Differential pressure is also generated as the consequences of differential density 

affected by height difference in the center of gravity of intake and exhaust ventilation 

openings ( h ), and gravitational acceleration (g = 9,812 ms
-2

) as follows:  
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Not only the value of differential pressure but the pressure energy content of the 

air mass alters, too. In pursuance of Bernoulli-equation it transforms to kinetic energy. 

Based on this and after rearranging the equations we get the average velocity of the air 

flow:  
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. eiszel
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where:  weighted average of the values of contractions coefficient of the 

openings 

 

 In accordance with all the aboves the value of air exchange rate can be calculated 

since the volume of intake and exhaust air masses per hour are:  
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 The determination of the mathematical relationship above that ideal case was 

considered when 50% of ventilation opening surfaces were used for intake air flow while 

the remaining 50% of the surfaces were used for exhaust one. The values of coefficient of 

contraction have to be altered as long as the conditions of air flow vary substantially from 

the situation above. The value of air exchange rate is in view of ventilation air flow:  
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 Considering both the air exchange rate determined in this way and the balance 

equation at the beginning of the main chapter, the actual value of internal temperature can 

be calculated. Vents with given area located on the surface of the plant growing 

structures result in a higher value of air exchange rate (according to the equations above) 

if difference in levels between the center of intake and exhaust air flow is as high as 

possible. For this reason it is appropriate to classify air vents into two groups. The so-

called bottom air vents can be established on the surface of:  

 

- gable  (Fig. 12.14.) or 

- side walls (Fig. 12.15.). 

 

 

                          
Fig. 12.14. Vents on gable surfaces               Fig. 12.15. Sidewall vents 

 

Top, open ridge air vents as :  

 

- roof vents- (Fig. 12.16.), 

- pit vents - (Fig. 12.17.), 

- chimney-style vents (Fig. 12.18.) 

 

can be established as an escape route for the exhaust air. 
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Fig. 12.16. Roof vent design     Fig. 12.17. Pit vent design  

 

 
Fig. 12.18. Chimney vent design 

 

 The discrimination of bottom vent installations can be justified by the name of 

certain parts of the device. In contrast with that top vent designs can be distinguished by 

these criteria having effect on the value of air exchange rate. After analyzing each design 

it can be stated that the position of center of air vents can be lifted up maximum to the 

ridge height by adapting top air vent designs. However, referring to pit vent installations 

the center of the air vent is already higher at the moment of opening than the ridge is and 

it can elevate further to the level of roof edge set upright. In case of adapting chimney 

designs the half of the distance between the chimney closing lid and actual value of the 

extracted chimney height will become the value of height of the center of exhaust air 

flow.  

 

 For this reason both top and bottom air vents have to be installed on plant 

growing structures. The amount of air exchange performed by air vent designs is 

determined both by geometric parameters, shape and by the difference in level of height 

of the center of intake and exhaust air flow. For example the height of an air vent 

installed just on the sidewall is not totally indifferent because the half of this parameter 

gives the value of difference in height level of intake and exhaust air flow. This also 

confirms the desirability of installing the air vents in pairs (one on gable, one on sidewall) 

with the same area if it is possible, forasmuch it can function as a technical solution for 

approximating (or exceeding in certain cases) the value of the difference in height 

level( h ) to the average height of plant growing structures. In accordance with 

increasing the value of floor area of a plant growing structure, it is hard to provide the 

equality in the area of top and bottom air vents. This can result in local temperatures of 

the gutter-connected structures, which value can even exceed 3-5 °C. 
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Air intake vent established on sidewall is preferred to one on gable, because the 

center of vent nozzles are located higher (e.g. because of the doors) than in the case of 

locating aside. Air ventilation ability of the chimney-style vents are the most appropriate 

though its installation cost and shading impact on the cultivation are both at high level. 

This also results in a non-negible loss of revenue especially during the winter months 

which are poor in sunlight. This is the reason why this design is not adapted often in 

Hungary.  

 

 It should be noted that the dimensions of air vents compared to the boundary 

surface are defined and limited by structural properties and costs. By taking the above 

into consideration it can be stated that up to 30% of the area of the boundary surface can 

be used for air vent installation purposes. 

 

  Heat energy left by air exchange – in accordance with the second term of 

right side of the balance equation at the beginning of chapter 12.5. – can be divided into 

two parts: internal energy change of the dry components of air (as oxygen, nitrogen noble 

gases) in the first place, which is proportional to the value of 
p

c , and heat flux needed for 

increasing air humidity in the second place. The gradient of increasing of this last one is 

inversely proportional to the increase of air flow. It occurs partly because there are not 

enough available surface and even time for evaporating water with the amount of 

)xx(V
ei.levház

 . One of the reasons is the lack of sufficient amount of water for 

evaporation, unless the ground is irrigated continuously, of which water demand is 0.6-

0.8 per unit of floor area per hour. Therefore, if an air exchange rate greater than 10 is 

performed inside a plant growing structure then the approximation of 0)( 
ei

xx should 

be adapted. To improve the safety of calculation the air exchange rate formula can be 

substituted in the balance equation. After rearrangement we receive the following 

function:  
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 It follows from the cubic function above which has just one real root that due to 

the heating effect of solar radiation (mostly in summer) the outdoor temperature can be 

approximated – by t value from above – to the indoor one. This difference will become 

0 just by infinitely large air exchange rate. Adapting air exchange (ventilation) to keep 

the internal temperature on a certain value in case of the outdoor air temperature is below 

the indoor one by the value of t at least. The temporal fluctuation of the internal 

temperature can be achieved by setting the cross section area of air vents. Because of this 

reason we can find devices varying the size of cross section area steplessly. If outdoor air 

temperature approaches or even exceeds the indoor one (ti) then we can reduce the rate of 
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increase compared to the outdoor temperature only. It can be stated that if the best 

available technology and the most eligible size and design are adapted then the air 

exchange rate neither can exceed the value of 40. In case of adapting this air exchange 

rate the internal average air temperature can exceed the outdoor one even by 12 °C in the 

periods of summer with the highest solar radiation intensity.  

 

12.5.2.2. Forced Air Ventilation  

 

If a plant growing structure has to be operated in summer then forced ventilation 

has to be adapted to reduce the heat energy surplus by the correlation above.  

 

 In case of applying forced ventilation the units (which usually are axial fans) 

creating air flow are installed either on gables or on side surfaces. By applying axial fans 

it is expedient to install the ones which rotor diameter equal with the size of gutter height 

(Fig. 12.19.) since the required volume flow can be achieved in this way by the smallest 

rotation speed. The intention for minimizing the speed of rotation is justified by the noise 

impact which is proportional to the fourth power of RPM. A fall in rotation speed has 

also effect on the structure solidity and resonance phenomena. A substantial part of gable 

or sidewall surface facing the axial fans placed with the triple spacing of the gutter height 

is enabled to open.  In accordance with the direction of rotor speed either negative 

pressure (air flows outside from the growing room) or positive one (air flow directs from 

outside to inside) prevails in the growing room compared to the outside pressure. Both 

modes can create the same temperature field distribution, theoretically. However, the 

gradient of enthalpy increase of air flow is smaller by applying negative pressure modes, 

hence smaller energy is needed for upholding the process. This fact proves why the this 

process is preferred to the positive pressured ones.  

 

 
Fig. 12.19. Axial fans accomplishing forced air ventilation 

 

  

Air enters the greenhouse through the openings then its temperature increases by 

t during flowing parallel to the ground and finally it leaves the growing room in the 

plain of fans.  Considering natural ventilation, the same t temperature increase can 

occur in the vertical plain. Variable temperature distribution along the horizontal plain 

hinders the same level growth of the specimens of cultivation. Air exchange rate is 
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increased in order to decrease the rate of inequality in temperature distribution. However, 

this results in the growth of the value of average air flow velocity:  

 

   1

.vent.kény
)Lh(Vnv


     m·s
-1
 

  

where: n – number of operating fans  

 V flow rate of a fan     [m
3
·s

-1
] 

 h height of cross section of air flow   [m] 

 If fans are placed on gables then the sum of gutter 

 and ridge height has to be considered   

 L – length of that wall where fans are located  [m]  

 

 Based on observations plants has no particular reaction to the air velocity up to 

0.5 m/s. But the gradient of their growth falls back in an air flow being more intensive 

than this value.  There are crops which are sensitive to air flow velocity. For example, 

cucumber cultivation may perish in a constant air flow with the velocity of 1 m/s, while 

1.5 m/s is the threshold of air velocity for all the other cultivated plants in Hungary. For 

this reason 0.5 m/s represents the threshold in air velocity adapting forced ventilation.  

 

 We can execute the calculations based on both the relationship above, the 

threshold of air flow velocity and the quantified dimensions of plant growing structures 

(e.g. gutter and ridge height, gable and side length) can be determined in order to assign 

the position of fans, ventilation openings (doors and windows). We can also examine on 

which side these devices should be installed in order to increase air exchange rate. If the 

values of side and gable length roughly equal then one gable wall for the fans and the 

other on opposite for vents have to be chosen.  

 

 Inappropriate temperature distribution caused by forced air ventilation cannot be 

reduced at low price in all cases. In case of polyethylene coated plant growing structures 

the installation of large number of fans on the much longer curved side surfaces would be 

more expensive than adapting on with great output at the top section of gable wall 

(avoiding blocking the roadways). Therefore, the temperature distribution inside this kind 

of plastic tunnels is not as preferable as it is in glass coated structures.  

  

 Considering the geometric parameters of plant growing structures in Hungary, the 

maximum value of air exchange rate does not exceed 70. Electric energy consumption 

has to be also regarded due to the operation of fans, of which rate is 5% of the value of 

internal energy increment of air flow.  

 

 12.5.2.3. Adiabatic cooling 

 

 The cubic function at the end of the chapter of natural ventilation has been 

enabled by the acceptance of simplification of the equation by 0)xx(
ei

 . But energy 

which is needed for increasing absolute air humidity and proportional to the value of 

)(
ei

xx   can become a decisive parameter. This was the reason for being out for creating 



 331 

a device which enables to evaporate 10 m
3
 of water per hour per hectare without 

increasing air velocity over 0.5 m/s. For this reason a so-called “cooling wall” has been 

placed inside a plant growing structure installed with forced air ventilation (Fig. 12.20.). 

The role of the cooling wall is to evaporate water droplets as many as possible by the air 

flow passing through its surface. It can be achieved by applying porous materials with 

significant active surface loaded between two sheets of metal wire mesh. Wood chip used 

to be applied but nowadays either pieces of unglazed tiles or compressed vulcanized fiber 

sheets (Fig. 12.21.) are used for this purpose. The air flow entered then accelerated 

through the gaps of boundary surface is forced to change direction continuously and tears 

out droplets from the water film trickling on the surface of the load from top to bottom. 

 

 

 
Fig. 12.20. Cooling wall 

 

The rate of air flow is determined by both the power output of fans and the size and 

air resistance of area of opened cross section. As a result of change of the value of heat 

flux abstracted from the growing room, hence vary of air flow can be achieved by the 

next methods:  

- increasing the number of operating fans,  

- varying the rpm value of fans (adapted seldom), 

- varying the air resistance of cooling wall.  

 

The last, frequently adapted process involves a shutter system located in front of the 

cooling wall. Air exchange rate can be regulated easily by varying infinitely the angle of 

shutter units, which can be made from transparent matter (e.g. from glass shown in Fig 

12.22).The position of shutter units does not have an effect on the consumption of electric 

motors running the fans. Just that amount of water in form of droplets has to be involved 

by the air flow which can be evaporated into the air in its way to the fans. In case of 

maximal solar radiation intensity, more than 1 liter of water per square meter is required 

hourly for the evaporation process, so the charge of water demand by operating this scale 

of air cooling system is not irrelevant either. Therefore, water trickled down on the 

surface of load is gathered in a trough at the bottom of the cooling wall and after filtration 

it is recirculated to distributor pipe located above.  
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Fig. 12.21. A piece of cooling pads      Fig. 12.22. Cooling wall bounded by glass 

shutters 

 

 

 Heat energy needed for the evaporation of water droplets getting into the air flow 

is supported by internal energy (or the temperature) loss of the air. Taking into account of 

having no heat exchange between the flowing air mass and its environment, hence this air 

cooling procedure can be named adiabatic cooling.  

 

 The internal temperature may be reduced by 7-8 °C compared to the outdoor one 

by adapting the process of adiabatic cooling in case of 25-30% of outdoor relative air 

humidity and presuming the exhaust air flow becomes saturated. This can be traced by i-x 

diagram for air moist and quantified by the given air exchange rate. The following 

formula shows the enthalpy increase of 1 kg air mass )i(  which energy growth by 

radiation has to be eliminated by cooling:  
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 Finally, it is worth making a review from real cooling systems. Devices (as 

absorption or compressor refrigerators) that may perform heat reduction by 

accomplishing cooling thermodynamical cycles can be used in plant growing structures, 

but their expensive use does not allow to lead crop production economically. Therefore, 

those are used for plant growing with experimental purposes (e.g. in phytotrons). High 

operational costs also exist in this case, but we can save time by adjusting the temperature 

independently of outdoor climatic features. 

 

 12.6. Moderating The Value of Illumination 

 

 In accordance with the spectral distribution, almost 50% of solar radiation 

incoming to the ground from our natural light source galls into the wavelength range of 

infrared radiation (
iv

 ), while 48% of the total radiation falls into the visible range of 

wavelength (
.lát

 ). The remaining 2% includes the range of ultraviolet radiation (
ui

 ) 

partially. These values depend on the geographical location, of course, because the ratio 

of UV radiation increases with the altitude. The actual values can be influenced by the 

environment as well, since the level of UV radiation is higher than at places with lack of 

water. The actual value of illumination in a plant growing structure is determined by the 

electromagnetic radiation fallen into the range of bandwidth of 380-760 nm:  

328cosq683cosqE
Nap.át.látNap.átv

   [lx] 

 

where:   the angle between the normal vector of the illuminated surface and a straight 

line drawn from any spot of this surface towards the Sun 

 q luminous flux of Sun 

 

 The growth of plants is affected by both the values of intensity and timing of 

illumination. Regarding most plant type the light compensation point falls into the range 

of 1.5-2 klx and below this value plants lose carbon instead of building that in. Plants can 

be divided in two groups by their light requirements: low light plants (3-5 klx) and high 

light plants (5-8 klx). 

 

 12.6.1. Reduction of Luminous Flux 

 

 The other part of absorbed radiation increases the average temperature of the 

cultivated plants. Plants have to perform evapotranspiration proportionately to the 

intensity of solar radiation in order not to allow their overtemperature to increase 

proportionately to outdoor temperature. This gradually intensed evapotranspiration can 

lead to the cessation of photosynthesis which results in launching unfavorable processes 

within the plant as the liberation of built in energy via molecular bindings. This also 

proves the need for decreasing the value of illumination especially in the summer months 

by using the process of shading. In accordance with regulating the internal air 
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temperature of plant growing structures detailed in chapter 12.5.1, the installation of 

shading units can be sorted by their location:  

 indoor units(locating inside the plant growing structure), 

 outdoor units (locating outside the plant growing structure) 

  

and as an intermediate solution of:  

 smudging the surface of structure (e.g. by using whitewash), or 

technical solutions resulting in the reduce of light transparent ability 

with the value of 
.át

  

 

 The rate of illumination can be determined by the following formula: 

 

328cos683cos
.....

 
NAPátárnylátNAPátárnyv

qqE    [lx] 

 

The efficiency of outdoor and indoor shading (marked by 
.árny

 ) has to be meant 

in the same way as 
.árny

  has been defined at the beginning of chapter 12.5 because the 

location of shading unit compared to the cover is irrelevant. The 0
.árny
  formula refers 

to darkness which differs from the definition of darkness in technical sense 

( lxE
v

100 ). However, darkness has importance on cropping technique since the 

growth of the plant can be influenced by accomplishing eligible photoperiodicity (e.g. 

force plants upon blooming). This is the reason why both tunnels and shading screens 

adapted in plant growing structures are produced in black color (Fig. 12.23.). We must 

lay emphasis on shading screens not to be mistaken by energy screens used for reducing 

heating energy consumption. Densely woven materials have the best features for reducing 

energy consumption although their light transparent ability exceeds the permitted level of 

minimal shading. The rate of illumination can be set by closing the darkening screen unit 

partially.  

                  
Fig. 12.23. Darkening screen   Fig. 12.24. Setting the value of illumination 

by the close of darkening screen 
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 In every case when plants are unable to produce by photosynthesis should be 

considered dark in the aspect of plant. Being unable to absorb for the process of 

photosynthesis, the electromagnetic radiation has to be considered dark, since the plant 

reflects whole amount of radiation which falls in with its color. It is also approved by Fig. 

12.25. 

 

 
Fig. 12.25 Diagram of spectral sensitivity of a green colored plant 

  

  

Therefore, it is good to know the rate of electromagnetic waves, which matches the color 

of the plant. This rate can be measured by using an appropriate color filter, and also 

explained the fact why green shading nets (as so-called Raschel mesh nets in Fig. 12.26) 

or screens are adapted in practice. 

 

 

 
Fig. 12.26 External design of shading by using Raschel mesh  
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12.6.2. Increasing Luminous Flux 

 

On certain days the intensity of illumination lays claim to enable to regulate 

dormancy terms (or also known as photoperiodicity) of the plants grown in plant growing 

structures by increasing both the period and the intensity of the adaptation of 

substitutional artificial light sources. This kind of need mostly arises in wintertime in 

Hungary. The requirements for illumination of the cultivated plants must be known for 

specifying the value of specific output power of the light sources. Sizing processes of 

output power of the lamps claims to know the values of luminous efficacy of light 

sources in addition to consider the classification above and the requirements for 

illumination. The value of luminous efficacy specifies the ratio of input energy converted 

to visible electromagnetic radiation with wavelength of 380-760 nm. It is appropriate to 

get acquainted with the light source adapted in plant growing structures.  

 

 12.6.2.1. Edison Bulbs 

 

 If a resistor wire made of alloys containing high melting point metals (most 

frequently tungsten) placed either in vacuum or in inert gas and apply voltage across that 

then it results in “I” electric current on the resistor in accordance with Ohm‟s law 

(
R

U
I  ). As a result of this electric current with the value of RI 

2 , electric power 

transforms to heat or rather radiation energy flux. In vacuum, due to the released heat 

energy the metal resistor wire starts to glow. The spectral distribution diagram of this 

radiation concerning the actual temperature falls a slight part into the range of sight but 

rather it is masked by the bandwidth of IR radiation. This rate can be upgraded by 

increasing the glowing temperature. This process is accomplished by halogen lamps but 

the melting point of the resistor wire limits sets limit for the temperature rise. For this 

reason the luminous efficacy of these light sources is no more than 3-5% which is too 

poor to come into view for the adaptation in plant growing structures. 

  

 

 12.6.2.2. Low Pressure Discharge Lamps 

 In a view of these designs an electric discharge is generated between two 

electrodes inside a tube charged with mercury (Hg), sodium (Na) and noble gases at the 

pressure of less than 1 kPa. The flow of the electrons between the electrodes is provided 

by gas space is plasma phase. Meanwhile, the natrium and sodium atoms get into excited 

phase by the electron flow, and after the relaxation Hg emits UV and bluish 

electromagnetic waves while sodium radiates yellowy ones. For limiting the rate of 

generated current electrical ballast is needed. Furthermore, high-voltage impulse is 

required for the ignition (converting the gas load to conduct) of the discharge provided by 

a starter unit. The spectral distribution of this kind of light sources is not continuous but 

consists of lines only. Just two different models remained in use by these days:  

 a./ fluorescent lamps: low pressured Hg gas is located in a straight tube with 

standardized length. Due to mains voltage and frequency the excited electrons with 
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alternative motion emit UV radiation by colliding with the fluorescent powder on the 

inner surface of the tube. The composition of this powder is indicated by the characters 

standing behind the letter “F” written on the lamp glass. This may contain 1, 2 or 3 

characters depending on the number of decisive spectrum lines of luminous flux affected 

by UV radiation. The value of luminous efficacy is 10-12%. Since the horizontal 

projection of installed light source may shade even 20% of the growing surface, hence it 

is rather adapted both in phytotrons and for in researches, but this kind of light source is 

used seldom in plant growing structures (Fig. 12.27.) 

 

 
Fig. 12.27. Fluorescent lamp lighting in growing room 

 b. /compact fluorescent lamps: light source containing one or more U-shaped 

tubes instead of straight ones. The inner surface of the tube or tubes are covered by a 

special composition of fluorescent powder – so called “light powder” –  which 

composition is indicated by the characters standing behind the letter “F” as well. The 

method of light emission is similar to fluorescent lamps‟ except that the frequency of 

electric current falls into the range of 20 – 30 kHz instead of 50 Hz. The value of 

luminous efficacy can be 16 – 18 %. The cost of so-called high frequency electrical 

ballast, which converts mains frequency at the most effective way installed within the 

lamp socket, increases the commercial price of this device. This is the reason why it is 

usually not adapted in plant growing. The rarely used “energy saving bulb” is a miscall 

deriving from its principle of operation. 
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12.6.2.3. High Pressure Discharge Lamps 

 These lamps have similarity in the method of operation with low pressure 

discharge lamps but the pressure of metal vapor can be compared to the atmospheric 

pressure. An electrical ballast is needed for the operation, and also a lamp starter unit 

referring to sodium and metal halide lamps. Types of high pressure discharge lamps used 

in plant growing structures: 

 a./ Mercury-vapor lamps artificial light source equipped with double glass cover. 

Quartz arc-tubes are used inside due to high operating temperature, which contains 

mercury vapor at atmospheric pressure. The inner surface of the external bulb is coated 

by “light powder” since this matter is responsible for converting electromagnetic 

radiation. After excitation the atoms in mercury vapor emit UV electromagnetic radiation 

with wavelength of 220 nm which is transformed into the range of visible wavelengths 

(alias into the range of light). By the proper powder composition both the value of 

luminous efficacy can be increased to 14-16% and color rendering of the lamps can be 

upgraded. The white pale hue of luminous flux generated by mercury-vapor (Fig. 12.28.) 

lamps has a beneficial effect on protein synthesis, vitamin and carotene production of 

plants, ferments and growth substances. The strike of the lamps requires a warm up 

period which takes a few minutes, while mercury in bulb inside transforms into vapor. 

The turned-off lamp cannot be restriked just after the bulb cools down. 

 

 
Fig. 12.28. Mercury-vapor lamps inside the growing room 

 

 b./ Sodium-vapor lamps: sodium vapor, mercury and a small amount of xenon is 

located. Resonance spectral lines of natrium broaden considerably to the range of 550 – 

770 nm at atmospheric pressure. Color correction can be achieved by the excitation in 

mercury and xenon gas charge in order to make this light source type eligible 

illuminating interior spaces. As far as crop production is concerned However, it supports 

to increase both leaf surface area, gradient of growth of stem and dry matter content in 

general referring to plant production. The rate of photosynthesis is the most intense in 

this bandwidth of electromagnetic radiation. For this reason it is used expansively at the 

field of vegetable growing (Fig. 12.29.). The value of luminous efficacy of this type and 

mercury vapor lamps is close equal. The internal discharge tube is made from ceramic 
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due to its high-temperature and -pressure operation as well as aggressive features of 

sodium vapor.  

 

 
Fig. 12.29. Sodium-vapor lamps inside the growing room 

 

 

Control questions: 

 

1./ Sort the plant growing structures by their structure! 

2./  What kind of structural and environmental factors determine the heating output of a 

plant growing structure? 

3./ What sort of heating systems can be installed in plant growing structures? 

4./ Describe the technical solutions and limitations of natural ventilation applied in plant 

growing structures! 

5./ Describe the technical solutions of forced air ventilation applied in plant growing 

structures! 

6./ What type of additional lighting devices can be applied inside plant growing 

structures? 

7./ Describe the technical solutions of shading devices installed in plant growing 

structures! 


