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Theory

Green house technology: Introduction, Types of Green Houses; Plant response to Green
house environment, Planning and design of greenhouses, Design criteria of green house for
cooling and heating purposes. Materials of construction for traditional and low cost green
houses. Irrigation systems used in greenhouses, Important Engineering properties such as
physical, thermal and aero & hydrodynamic properties of cereals, pulses and oilseed, their
application in PHT equipment design and operation. Drying and dehydration; moisture
measurement, EMC, drying theory, various drying method, commercial grain dryer (deep bed
dryer, flat bed dryer, tray dryer, , re-circulatory dryer and solar dryer). Material handling
equipment; conveyer and elevators, their principle, working and selection.

Practical

Study of different type of greenhouses based on shape. Study of Greenhouse Covering
and Construction Materials. Study of Cooling System used in Green House. Study of
Irrigation System used in Green House. Cost Estimation of Poly houses for 560 Sq.m Study
of greenhouse equipment’s. Visit to Commercial Green House. Visit to various Post Harvest
Laboratories. Determination of Moisture content of various grains by oven drying & infrared
moisture methods. Study of Grain Dryers. Study of Material Handling Equipments.
Determination of engineering properties (shape and size, bulk density and porosity of
biomaterials).Determination of Moisture content of various grains by Universal moisture
meter. Field visit to seed processing plant.

Teaching Schedule
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Lecture Topic Weightage
(%)
1. Green house technology - Green house technology: 6

Introduction, History of green house, Advantages of green
house, Green house effect.

2. Types of Green houses -Types of Green houses: 7
Green house type based on Shape, Utility, Construction and
Covering materials

3. Plant response to green house environment -Plant response to 6
green house environment :

Light, Temperature, Relative Humidity, Ventilation and
Carbon di-oxide.

4. Planning and Design of green house - Planning and Design of 6
green house: Site selection and orientation, structural design
and covering materials.

8 Materials of construction - Materials of construction for 6
traditional and low cost green house: Wood, G.1., aluminum,
steel, R.C.C. and Glass
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Topic
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(%)

Irrigation Systems used in green house - Irrigation Systems
used in green house: Rules of watering, Overhead Sprinklers ,
Drip irrigation system and Foggers (Mist spraying)

6

Design criteria of green house for Cooling and Heating
purposes - Design criteria of green house for Cooling and
Heating purposes: Cooling - Natural ventilation, forced
ventilation Heating- Heating system, solar heating system,
Water & Rock storage.

Engincering Properties - Engineering Properties of cereals,
pulses and oil seed. Their applications in PHT equipment
design and operation: Physical properties: Size and Shape
(Roundness and Sphericity) Porosity, Coefficient of friction,
and angle of repose, Thermal properties: Definition of
Specific heat and Thermal conductivity. Aero &
hydrodynamic properties: Definition of Terminal velocity

Drying and Dehydration - Drying and Dehydration:
Definition of drying and dehydration, Utilities/Importance of
drying Grain drying Theory- EMC definition, Thin layer
drying and deep bed drying

10 & 11

Moisture Measurements- Moisture measurements:

Moisture content and its measurement, Moisture content
representation: Dry basis and wet basisMoisture Content
determination Methods:-

Direct methods- Air oven method, Vacuum oven method and
Infra-red methodIndirect Methods- Electrical resistance
method and Di-electric method .

12

12.

Various Drying Methods - Various Drying Methods:
Sun drying, Mechanical Drying

Mechanical Drying Methods:-

Contact drying, Convection drying, Radiation drying

13.

Numerical on Moisture content and its representation-
Numerical on Moisture content and its representation:
Conversion of wet basis moisture contents to dry basis
moisture contents

Conversion of dry basis moisture contents to wet basis
moisture contents, Problems on drying

Problems on moisture contents Problem No.1 & No.2.

14 & 15

Commercial Grain Dryers - Commercial Grain Dryers:
Construction and working principle - Deep bed dryer, Flat
bed dryer, Recirculating dryer —

(LSU and Baffle dryers) , Tray dryer and Solar dryers

13

16.

Material Handling Equipments - Material Handling
Equipment’s: Construction and working principle-
Conveyor- Belt conveyor and Screw conveyor
Elevator- Bucket elevator

Total

100
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GREEN HOUSE

A tesl bk eof 1'r

production of quality product in more
‘I'hese demands can be met
ly controlled. The need
ons led to

In the era of climate change,
quantity has become a challenge for scientists.
when the environment for the plant growth is suitab
to protect the crops against unfavourable environmental conditi
the development of protected agriculture. Greenhouse is the most practical
method of achicving the objectives of protected agriculture, where the
natural environment is modified by using sound engineering principles for
achieving optimum plant growth and yield.

1.1 History of Greenhouse :

A greenhouse is a framed or an inflated structure covered with a
transparent or translucent material, in which crops could be grown under
the conditions of at least partially controlled environment and which is
large enough to permit persons to work within it to carry out cultural
operations.

The growing of off-season cucumbers under transparent store for
Emperor Tiberius in the 1 century, is the earliest reported protected
agriculture. The technology was rarely employed during the next 1500
years. In the 16" century, glass lanterns, bell jars and hot beds covered
with glass were used to protect horticultural crops against cold. In the 17
century, low portable wooden frames covered with an oiled translucent
paper were used to warm the plant environment.

In Japan, straw mats were used in combination with oil paper to protect
crops from the severe environmental conditions. Greenhouses in France
and England during the same century were heated by manure and covered
with glass panes. The first greenhouse in the 1700s used glass on one side
only as a sloping roof. Later in the century, glass was used on both sides.
Glasshouses were used for fruit crops such as melons, grapes, peaches and
strawberries and rarely for vegetable production.
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tend to bé approximately the same for all types, the longitudinal Sectiop
cannot be used for classification. The cross sections depict the width and
height of the structure and the length is perpendicular to the plane of cross
section. Also the cross section provides information on the overa]] shape
of the structural members, such as truss or loop, which will be repeated op
every bay.

1.4.1.1 Lean-to type greenhouse :

When a greenhouse is placed against the side of an existing building
a lean-to type greenhouse design is used. This design makes the best use of
sunlight and minimizes the requirement of roof supports. The roof of the
building is extended with appropriate greenhouse covering material and
the area is properly closed.

Yo

Fig 1.2 Lean-to type

1.4.1.2 Even span type greenhouse :

In this type, the two roof slopes are of equal pitch and width. This
design is used for the greenhouse of small size and is constructed on
lcve]lcd ground. Several single and multiple span types are available for
use In various regions of India, For single span type, the span in general

varies from 5 to 9 m, whereas the length is around 24m. The height varies
from 2.5 to 4.3 m.

Figo 1.3 EVEH Span type
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1.4.1.3 Uneven span type greenhouse :

This type of greenhouse is constructed on hilly terrain. Thc_: roofs are
of unequal width, which make the structure adaptable to the 31dt:* s_Iopes
of hill. This type of greenhouse is seldom used now-a-days as it 1s not
adaptable for automation.

Fig 1.4 Uneven span type

1.4.1.4 Ridge and furrow type greenhouse :

Design of this type use two or more A-frame greenhouses connected
to one another along the length of the cave. The cave serves as a furrow
or gutter to carry rain and melted snow away. The side wall is eliminated
between the greenhouses, which results in a structure with a single large
interior.

Consolidation of interior space reduces labour, lowers the cost of
automation, improves personal management and reduces fuel consumption
as there is less exposed wall area through which heat escapes. The snow
loads must be taken into account in the frame specifications of these
greenhouses since the snow cannot slide off the roofs as in case of individual
free standing greenhouses but melts away. Inspite of snow loads, ridge and
furrow greenhouses are effectively used in northern countries of Europe
and in Canada and are well suited to the Indian conditions.

Fig.1.5 Ridge and furrow type
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1.4.1.5 Saw tooth type greenhouse :

These are similar to the ridge and furrow type greenhouses except
that, there is provision for natural ventilation. Specific natural ventilatigp
flow path develops in a saw tooth type greenhouse.

Fi-g 1.6 Saw tooth type greenhouse

1.4.1.6 Quonset greenhouse :

This is a greenhouse where the pipe arches or trusses are supported
by pipe purlins running along the length of the greenhouse. In general
polyethylene covering material is used for this type of greenhouse.
Such greenhouses are typically less expensive than the gutter connected
greenhouses and are useful when a small isolated cultural area is required.

AN RN

Fig.1.7 Interlocking ridge and furrow type Quonset greenhouse

Fig.1.8 Free standing type Quonset greenhouse,

—_
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These houses are connected either in free standing style or arranged in
an interlocking ridge and furrow. In the interlocking type truss members
overlap sufficiently to allow a bed of plants to grow between the overlapping
portions of adjacent houses. A single large cultural space thus exists for
a set of houses in this type, an arrangement that is better adapted to the
automation and movement of labourers.

1.4.2Greenhouse type based on utility :

Ofthe differentutilities, artificial cooling and heating of the greenhouse
are more expensive and elaborate. Hence based on the artificial cooling
and heating, greenhouses are classified as that uses active heating system
and active cooling system.

1.42.1 Greenhouses for active heating :

During the night time, the air temperature inside greenhouse decreases
and to avoid the cold bits to plants due to freezing, some amount of heat has
to be supplied. The requirements for heating greenhouse, depends on the
rate at which the heat is lost to the outside environment. Various methods
are adopted to reduce the heat losses viz. using double layer polyethylene,
thermopane glasses (two layers of factory sealed glass with dead air space)
or to use heating systems, such as unit heaters, central heat, radiation heat
and solar heating system.
1.4.2.2 Greenhouse for active cooling :

During summer season, it is desirable to reduce the temperature of
greenhouse than the ambient temperatures, for effective crop growth.
Hence suitable modifications are made so that large volumes of cooled
air is drawn into greenhouse. This type of greenhouse consists of either
evaporative cooling and with fan or fog cooling. The greenhouse is
designed in such a way that it permits a roof opening of 40% and in some
cases nearly 100%.

1.4.3 Greenhouse type based on construction :

The type of construction is predominantly influenced by the structural
material, though the covering material also influences the type. Span of
the house in turn dictates the selection of structural members and their
construction. Higher the span, stronger should be the material and more
structural members are used to make sturdy truss type frames. For smaller
spans, simpler designs like hoops can be followed. Based on construction
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greenhouses are classified as follows:
1.4.3.1 Wooden framed structures :

In general, for the greenhouses with span less than 6m, only woodep
framed structures are used. Side posts and columns are constructed of
wood without the use of a truss. Pine wood is commonly used as it is
inexpensive and possesses the required strength. Timber locally available
with good strength, durability and machinability also can be used for thé
construction.

1.4.3.2 Pipe framed structures :

When the clear span is around 12 m, pipes are used for the construction
of greenhouses. In general the side posts, columns, cross-ties and purlins
are constructed using pipes. In this type also the trusses are not used. The
pipe components are not inter connected but depend on the attachment to
the sash bars for support.

Fig.1.9 Pipe framed greenhouse structure,

!.4.3.3 Truss framed structures :

If the greenhouse span is greater than or equal to 15m, tryss f;
are used. Flat steel, tubular steel or angle iron is welded togélhelll_sts frames
truss encompassing rafters, chords and struts. Struts are Support oforma
under compression and chords are support members under 1ensi0':]1€nA1berS
iron purlins running throughout the length of greenhouse are b‘l ngle
each truss. Columns are used only in very wide fruss frame h;]:;z E:;.

——
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21.3 m or more. Most of the glass houses are of truss frame type, as these
frames are best suited for pre-fabrication.

Fig.1.10 Truss framed greenhouse structure.

1.4.4 Greenhouse type based on covering materials:

Covering materials are the major and important component of the
greenhouse structure. Covering materials have direct influence on the
greenhouse effect inside the structure and they alter the air temperature
inside the house. The types of frames and method of fixing also varies with
the covering material.
1.4.4.1 Glass greenhouses :

Only glass greenhouses with glass as the covering material, existed
prior to 1950. Glass as covering material has the advantage of greater
interior light intensity. These greenhouses have higher air infiltration
rate which leads to lower interior humidity and better disease prevention.
Lean-to type, even span, ridge and furrow type of designs are used for
construction of glass greenhouse.
1.4.4.2 Plastic film greenhouses :

Flexible plasticfilmsincluding polyethylene, polyesterand polyvinyl
chloride are used as covering material in this type of greenhouses. Plastics
as covering material for greenhouses have become popular, as they are
cheap and the cost of heating is less when compared to glass greenhouses.
The main disadvantage with plastic film is its short life as the covering
material. For example, the best quality ultraviolet (UV) stabilized film
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can be last for four years only. Quonset design as well as gutter-connecteq

design is suitable for using this covering material.

13 i T 15 :
Fig.1.11 Greenhouse made up by using plastic UV stabilized film.

1.4.4.3 Rigid panel greenhouses :

Polyvinyl chloride rigid panels, fiber glass-reinforced plastic, acrylic
an_d polycarbonate rigid panels are employed as the covering ma;;eria[ in
lfhls type oi: greenhouses. These panels can be used in the quonset type
t;at;'lrt;r;]?; nclgz?j al;,d f'urm\'v typv?: frz?mes. This material is more resistant
b break nfe;:d tt e]hghl mlensEty is _uniform throughout the greenhouse
e Ea T{;lg ass’or ]:)Ias[lc. High grade panels have long life even
i w);” ;’:.to h;];r;l:];;za?;::t;ge is that these panels tend to collect
subsequent reduction in the li’ght transl\.re'nsll;lsllsollr d;{tenl'ng 'Of t'he panels and
P Te is significant danger
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EXERCISES

1. Write a note on the history of protected agriculture and evolution of

greenhouse.

What is greenhouse effect?

What are the advantages of using greenhouses?
Classify the greenhouses according to different criteria?

What is active summer and winter cooling of greenhouses?

Differentiate among wooden, pipe and truss framed structurcs.

s on glass, plastic and rigid panel as greenhouse

Write short note
covering material.

® @@
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PLANNING AND CONSTRUCTION OF GREEN HOUSE

2.1 Introduction :

A green house has basically one purpose of providing and maintaining
a growing environment that will result in quality produce at maximum
yield. The agriculture in the controlled environment is possible in all the
regions irrespective of climate and weather. As an enclosing structure for
growing plants, greenhouse must admit the visible light portion of solar
radiation for plant photosynthesis and therefore must be transparent. At
the same time to protect the plants, a greenhouse must be ventilated or
cooled during the day because of the heat load from the radiation. The
structure must also be heated or insulated during cold nights. A greenhouse
acts as a barrier between the plant production areas and the external or
general environment. Production is protected from external stresses such
as weather and pollution from industrial and other sources. Hence while
planning for greenhouse facility care must be taken in the selection of
site and. its orientation, in choosing the type of structural design and in
the choice of covering materiai_for better functioning and operation of
greenhouses.

2.2 Site Selection :

A greenhouse is designed to withstand local wind, snow and crop
loads for a specific cropping activity. In this way, the structure becomes
location and crop specific. The following points should be considered for
site selection:

i.  The building site should be as level as possible to re
grading.

ii. The site should be well aerated and should rece;
radiation,

iii. There should be good drainage of water on the selected sjto as; there i
re1s

duce the cost of

ve good solar

_—

O e
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extensive use of water in greenhouse operations. Where drainage is a
problem, it is wise to install tile drainage below the surface prior to the
construction of greenhouse.

iv. It is advisable to select a site with a natural wind break, such as a tree
line or hill, on the north and northwest sides.

v. In regions where snow is expected, trecs should be 30.5 m away in
order to keep drifts back from the greenhouses.

vi. If trees are located on the sites, they should be located on the east,
south or west side at a distance of 2.5 times their height.

2.3 Orientation :

The greenhouses can be orientated in North-South or East-West
directions. However for getting maximum advantage of sunlight to the
crops greenhouse should be oriented at North-South direction. By doing
this the ventilation is also achieved in proper order, as the winds flow from
the western side towards the greenhouse.

2.4 Structural Design :

The most important function of the greenhouse structure and its
covering is the protection of the crop against hostile weather conditions
(low and high temperatures, snow, hail, rain and wind), diseases and
pests. Many types of greenhouse structures are successfully employed in
protected agriculture and each type has its own advantages and is well
suited for a particular case. [t is important to develop greenhouses with a
maximum intensity of natural light inside. The structural parts that can cast
shadows in the greenhouse should be minimized, so the covering materials
should have the largest possible unsupported area and consequently after
the highest possible light transmittance. At the same time, greenhouse
structures and structural components, including the covering should be
strong enough to resist loads from snow, wind, crops and installations
to provide adequate margins of safety to prevent structural damage or
serviceability problems. A judicious component selection should be made
since the light transmittance counteracts with the structural stability.

Loads in designing the greenhouse structures include the weight of the
structure itself and if supported by the structure, loads of equipment for the
heating, ventilation and water lines. The load may also include the weight
of crops, if they are trained to a support system carried by the greenhouse
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frame and also loads from wind and snow. Greenhouse structures shoylq
be designed 1o resist a 130 Km/hr wind velocity. The actual load depends
on wind angle, greenhouse shape and size and the presence or absence of
openings and wind breaks.
The ultimate design of a greenhouse consists of a balance of the
following aspects.
i The overall structural design and the properties of the individual
structural components.
ii. The specific mechanical and physical properties which determine the
structural behavior of the covering material.
iii. The specific sensitivity of the crop to light and temperature to be
grown in the greenhouse.
iv. The specific requirements relevant to the physical properties of the
covering material.
v. The agronomic requirements of the crop.
The different structural designs of greenhouse based on the types of

frames are available.

1337
F_a = i’
e——20 — ]

b. Side wall with gothic roof.

1 .
b 30"

a. Side wall with arch roof.

7N\
i ﬂ‘\ T n
JCTRICTT ]

d. Side wall with gutter connected roof.

c. Hoop type roof.
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I
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e. Gothic arch frame roof.
Fig. 2.1. Structural design of different greenhouse frameworks.

A straight side wall and an arched roof (Fig.2.1 a) is possibly the most
common shape for a greenhouse but the gable roof (Fig.2.1 b) is also widely
used. Both structures can be free standing or gutter connected with the
arch roof greenhouse. The arch roof and hoop style (Fig.2.1 c) greenhouse
are most often constructed of galvanized iron pipe bent into its form by a
roller pipe bender. Iftall growing crops are to be grown in a greenhouse
or when benches are used, it is best to use a straight side wall structure
(Fig.2.1 d) rather than a hoop style house; this ensures the best operational
use of the greenhouse. A hoop type greenhouse is suitable for low growing
crops, such as lettuce or for nursery stock which are housed throughout the
winter in greenhouses located in extremely cold regions. A Gothic arch
frame structure (Fig.2.1 €) can be designed to provide adequate side wall
height without loss of strength to the structure. This form of structure,
along with others can be used as a single free standing greenhouse or as a
large range of multi-span, gutter connected units.

2.5 Covering materials:

Various factors to be considered while selecting the greenhouse
covering material are light transmission, weight, resistance to impact,
durability to outdoor weathering and thermal stability over wide range of
temperatures. The purpose for which the greenhouse facility is intended
determines the selection of a covering material. For example, in temperate
regions where high temperatures are required, the covering material with
high light transmission and far IR absorption must be selected. Also the
loss of heat by conduction should be minimum. Another important aspect
in selection of covering material is the service life of material. A well
maintained glass and acrylic sheet can last for many years, even up to
20 years or more. The poly carbonate and fiberglass- reinforced polyster
sheet has a service life of 5 to 12 years. Of all the covering materials,
polyethylene has the least service life of 2 to 6 months only, but when the
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film is stabilized for UV rays, the life is extended to 2 to 3 years.
The following materials are used for covering of greenhouses,
i. Polyethylene film
ii. Polyvinyl chloride film
iii. Polyester film
iv. Tetzel T2 film
v. Polyvinyl chloride rigid-panel
vi. Fiberglass-oriented plastic rigid-panel
vii. Acrylic and polycarbonate rigid-panel.
The ideal greenhouse selective covering material should do the
following:
i. Itshould transmit the visible light portion of the solar radiation which
is utilized by plants for photosynthesis.

ii. It should absorb the small amount of UV in the radiation and convert
a portion of it to fluorescence into visible light useful for plants.

iii. It should reflect or absorb IR radiation which are not useful to plants
and which causes greenhouse interiors to overheat.

iv. It should be of minimum cost.
v. It should have usable life of 10 to 20 years.

Such a covering material will obviously improve controlled
environment agriculture performance, reducing solar heat load, increasing
light levels and crop yields.

2.6 Construction materials for greenhouse :

Materials that are commonly used to build frames for greenhouse
are wood, bamboo, steel, galvanized iron pipe, aluminium and reinforced
concrete. Frames often incorporate a combination angd alloys of these
materials. The selection of these materials was based
physical properties and requirements of design
and the cast of the construction materials als
materials.

on their specific
strength, Life expectancy
0 decide the selection of

The construction materials are discussed in the following paragraphs
2.6.1 Wood : Bk

Wood and bamboo are generally used for low cost polyhouses

In
— T
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these houses, the wood is used for making frames consisting of side posts
and columns over which the polyethylene sheet is fixed. The commonly
used woods are pine and casurina, which are strong and less expensive.
In pipe-framed polyhouses, wooden battens can be used in the end frames

for fixing the covering material. In tropical areas, bamboo is often used to
form the gable roof of a greenhouse structure.

Side posts

Middle frames
!

Strut
Cross tie
f Rafter
! K Columns
e e
\
U \
u
—— i \ \
i N Side posts
' \
1 40 .
. | . Buried protected
I I | poles
Spba REETR Y . T :'..‘_' A St ;_r._’_""-
-t 7T Endframes 7 T v T

Fig. 2.2. Wooden scissors-truss type films plastic greenhouse .
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Wood must be painted white t0 improve light conditio'ns within the
greenhouse, but care should be taken to select a paint that will inhibit the
growth of mold. Wood must also be treated for protection against decay.

Special treatment should be given to the wood that may come into

contact with the soil.

Chromated copper arsenate and ammonical copper arsenate are water
based preservatives that are safe to use where plants are grown. Even
natural decay resistance woods, such as red wood or cypress should be
treated, in desert or tropical regions but they are expensive.

2.6.2 Galvanized iron, Aluminium, Steel and Reinforced Cement
Concrete :

Galvanized iron (G1) and steel members are generally used in different
frame works of greenhouse structure designs. In galvanizing operation
the surface of iron or steel is coated with a thin layer of zinc to protect
it against corrosion. Among many others, the two commonly followed

procedures are

i. Hot dip galvanizing (hot process) where the cleaned member is ~2 3. Skeleton of greenhouse made up of GI pipe
dipped in molten zinc, which produces a skin of zinc alloy to the steel. B & . p- . P

5 Electro-galvanizing (cold process) wihere the rieiber s ztie For truss framt'fs, _ﬂat steel, tubular steel or angle iron 1s weid_ed toget}_ler

plated similar to other forms of electro-plating to fofm atruss consisting of rafters, chords and struts. The angle iron purlins

; . ’ running throughout the length of the greenhouses are bolted to each truss.

As the wood is becoming scarce and more expensive, Gl pipes,  Now-a-days the greenhouse construction is of metal type, which is more

tubular steel and angle iron are used for side posts, columns and purlins.  permanent. While use of reinforced cement concrete is generally limited

The galvanization process makes the iron rust proof, hence the common  to foundations and low walls, concrete is sometimes used as support posts
problem of rusting of iron structural members is eliminated. In the pipe  for frames made of bamboo. In permanent bigger greenhouses, floors and
frames, in general GI pipes are used as side posts, columns, cross ties and  benches for growing the crops are also made of concrete.
purlins. All the pipe c;g‘lporfl‘ents are not inter connected but depend onthe 3 6.3 Glass :
attachment to the sash bars 1or su ort. Sk :
e Foanes ] B aﬁpa]uminium I T— Glass has been the traditional glazing m%tteria] al_l over the world. The
¢ the two materials. Aluminmum sl hatdivwed GI nation  most commonly used glass for greenhouse Is the ‘single drawn’ or ‘float
o : A M0-SIEp are comparatively  glass’, secondly the ‘hammered’and ‘tempered glass’. Single drawn glass
maintenance free. In tropical areas, 1t IS advisable to double dip the steel,  js made in the traditional way by simply pulling the molten glass either
especially when'the single dip galvanizing process does not give acomplete by hand or by mechanical equipment. Float glass is made in modern way
?_;‘;zrdc;i‘:c\;e;;htﬁ:n\sisfhtg]l:;:;izli?;?::;ﬂ?g?ods?;idlrﬂﬁzge_ P“:;ECted by allowing the molten glass 1o float on the molten tin. The single drawn
. v 5 °I€1s a danger or float glass has a uniform thickness of 3 to 4 mm. The term ‘hammered
: : steel coming into
iotfrzzit %irilfgr?:g‘;[;lg?i::zﬂ(i:il;ebitumen %ar. contact with ths ground glass’ defines a cast glass with one face (exterior) smooth and the other one
(interior) rough, designed so as to enhance light diffusion. Therefore, this
glass is not transparent but translucent. The thickness of this type of glass
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is usually 4 mm. The tempered glass is the glass, which is quickly cogleq
after manufacture, adopting a procedure similar to that usqd for steel. T
kind of processing gives the glass higher resistance to lmpact which g
penerally caused by hail. Coating for glass, such as metal oxide with a |oy
emissivity are used for saving of energy with adequate light transmittance,
Such coatings are applied only to float glass.

Glass though fragile, is a strong material when it is used properly and
loaded in the correct way. Glass used as a covering material of greenhouses
is expected to be subjected to rather severe wind loading, snow and hail
loading conditions. To limit the chances of breakage of glass coverings,
design rules should be applied to the supporting structure of the glass
panels. Such rules are aimed, in general, at limiting the deformation of the
structural components which are supporting the glass panels.

Also, to provide the proper supporting conditions for glass panels, rules
are given for the grooves in glazing bars. Different calculation methods
are given for glass panels depending on whether they are supported on 2,
3 or 4 sides. The strength mainly depends on the length/width ratio of the
panel and on the thickness of the panel but the most widely used thickness
is 4 mm.

EXERCISES

What are the factors to be considered in site selection of greenhouses?
How the orientation of the greenhouse is done?
Describe different structural designs of greenhouses with neat sketch.

What factors need to be considered while selecting the covering
material for greenhouse.

g W b e

List the features of an ideal greenhouse selective covering material.
Describe different materials used for construction of greenhouse.
How wood can be utilized as a construction material of greenhouse?
Write short notes on the following

a) Galvanized iron  b)
c) Steel d)

i

Aluminium

Reinforced cement concrete

® @ @
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GROWTH MEDIA FOR GREENHOUSE CROPS

3.1 Introduction :

Root media provides number of function in addition to support the
above ground plants. Functions that often appear mutually exclusive
as root respires, requiring oxygen and a means of eliminating CO,. On
the other hand, plants also require water and soil must provide water
in abundance without adversely restricting aeration. The substrate must
also supply adequate nutrition and the medium must be free from disease
organism. To meet these basic requirements, soil is generally modified for
greenhouse cultivation. Depending upon the species and location chosen,
production may be directly in the ground, as is often the case with roses
and carnations or tomatoes. The soil volume is essentially unrestricted.
Drainage, leaching, nutrition, modification and disease control will be
different from usual case of open field cultivation where, production occurs
in restricted, shallow soil volume.

3.2 Principle :

Soil properties are desired from the size of individual particles
composing the soil, the mineral composition of those particles, their
structural arrangements, location and how the soil is manipulated.

The clay soils are having more surface area than that of gravel. Hence
clay soils will usually retain more water at higher soil moisture suction
than sandy soils. The clay or highly organic soils will be more resistant
to radical chemical charges. Size alone, however has more of an effect on
water retention properties than on chemical properties.

3.3 Chemical Properties :
The small of clay and humus particle referred to as micelles have a
negative electrical charge. As a result, they will attract positively charged

cations such as potassium, sodium, calcuim, magnesium and hydrogen. If
fertilizer is added to the soil, the concentration of fertilizer salts increase in




A text book of Protected C ultivation and Post Harvest Technology 5

the soil solution. Some of the cations are .absorbed on the clay or orgaine
matter and others are returned to the solution.

[f concentration of one type of cation is reduced in soil solution, ions are
released from the exchanger, tending to maintain a constant concentration
of that cation in the solution. Cations are not equalljf attracted to the clay
organic matter (exchanger), the are usu ally replaceq in tl}e order Na>K >
Mg > Ca.ltis generally said that soil is buftered or is resistant to .change to
absorb or store ions is measured by soils cation exchange capacity (CEC)
and expressed as milliequivalent per 100 g of soil. The relative ability of
different soils and amendments to store ions is given in Table 3.1, revealed
that gravel or sand medium require precision in handling nutrition as there
is no buffering action and small chemical addition will have immediate and
marked effect.

Table No. 3.1 Relative cation exchange capacity (CEC) of common soil
materials (Furuta, 1974)

Material Relative (CEC)

Clay, Montmorellonite 10

Illite 3
Kaoline 1

Silt 0.5 or less
Sand 0
Vermiculite 15
Humus 20

Peat mass 14
Rednood sand dust 3

3.4 Soil Structure :

Physical characteristics of greenhouse soils are probably more
important than chemical properties. The primary soil particles clay, silt ‘

humus, sand determine the soils texture and basic characteristics of water
retention, aeration and chemistry. The root system is in intimate contact
with these particles as shown in Fig.3.1. Some researchers have estimated
root surface area of a single plant in 0.05m’ of soil to exceeq 632 m?2 (Dittner,
1937). During the day when plants are loosing water, the T i bt;
supplied to roots at rates sufficient to meet the needs, A large portion of

__-__—-_-_--_—'_'—'—-———-"
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required nutrients is to be carried into the roots with flowing water.

Silt clay aggregate

Water

iSand particle

Fig. 3,1 Soil particle arrangements about a single root
(Hanan et al. 1978)

Oxygen must be supplied to the roots through water films though
films may not be continuous. As oxygen diffusion through water is 1000
time slower than through air, the thickness of water film around the root
become critical (Hanan ef.al.1978). Thus, soil can be modified to provide
a structure that permits adequate water and air supply. Water films around
the roots can also be changed through irrigation practices or in shallow
soil layers by changing the depth. The prime objective is to provide a
macro structure such that water and air move through soil rapidly. But the
aggregates composed of primary particles, retain sufficient amount of water
and nutrients to meet requirement between irrigation and fertilization.

3.5 Properties of root medium :

In order to prepare a root media for furnishing the objective discussed
earlier, a list of desirable properties of root media is given below.
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3.5.1 Stability of organic matter :

Organic matter added to soil in the field decomposes and converts jng,
humus which acts as a cementing agent to hold particles together in IUmps
or aggregates.

3.5.2 C:N ratio:

The amount of nitrogen (N,) in relation to carbon (C) in the root
medium is important. The ratio for nitrogen to carbon should be 30:1 for
decomposition of organic matter. If this ratio exceeds the desired [imijt
then the amount of nitrogen exists in soil or added as fertilizer will pe
consumed by the micro organism rather than by plants. It will result into
improper decomposition of organic matter.

3.5.3 Bulk density :

It' is important from the view point of supporting the plant in the soil,
It varies from 640 to 1200 kg/m® (0.64 to 1.2 gm/cc), for potting media
after watering.
3.5.4 Moisture retention and aeration:

Proper moisture retention capacity and aeration are the important
parameters of any root medium. Studies show that the water should ocecupy
35.110 50% pore space, whereas air should fill 10 to 20% after irrigation of
soil.

3.5.5 Cation exchange capacity(CEC) :

It is a measure of th_c Tnagnitude of negative electrical charge and is
generally expressed as milliequivalent per 100 gram of dry root media

Sandy 3 to 6 meg/100
Clay loom 10 to 25 meg/100
Organic matter : 250 to 450 meg/100

3.5.6 pH:

The pH level controls the availability
average level of availability for all essentia
range of 6.2 to 6.6. Thus, it becomes j
pH level before sowing the plant.

3.0.

of nutrients 1, the plant. The
- Plant nutrients eXists in the pH
Portant to maintaj, , prescribed

Ingredients for root medium :

Soil, organic matter and coarse aggregates are blepg

definite proportion on volume basis to prepare a root megjy, o \ogether in

M Which meets
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the objective of growing a healthy plant. Some of these materials are
discussed below.

3.6.1. Soil :

It is combination of clay, silt, sand and organic matter. Clay being the
finestinsize (0.002 mm) is responsible for most of the physical and chemical
properties of soil. Composed of secondary hydrated aluminosillicates, in
which isomorphic substitution have taken place, carry negative charge and
react with charged particles. Soils of high clay content have a high water
retention capacity with slow drainage hence aeration is a problem.

Silt particle vary in diameter from 0.002 to 0.05 mm, with large
surface area, have a greater chemical activity than the coarse sand. Silt
soils have relatively poor drainage. Unless supplemented by adequate
amount of sand, clay or organic matter, the silt substrate is considered to
be undesirable soil constituents as far as root media is concerned.

The sand particles range in size from 0.5 to 2.0 mm in diameter and
due to large particle size they act as an individual particle. Sandy soils
have large pore spaces thus negligible water and nutrient holding capacity
and allow most of water to percolate inside the ground.

The water holding and nutrient retention capacity between soil of
different texture are amended by mixing the organic matter, fertilizer &
coarse aggregates in relation to texture of the soil. The pores within and
between aggregates permit rapid drainage of water and gas exchange.
Some of the ingredients required for preparation of root media outlined
below.
3.6.1.1 Organic Matter :

The addition of organic matter makes the soil loose, open channels
for rapid drainage of water and free movement of air, This also prevent
close packing of individual soil particles and aggregates. Particularly, in
sandy soils this type of amendment improve moisture retention capacity of
soil. Proper selection of the organic component of the growing media is
necessary to avoid the problem of ammonia toxicity after pasteurization.

Following materials are used as the organic matter component of
growing media for greenhouse.

Peat and peat like structures :
The term peat-moss refers to several materials which are similar in
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origin but vary distinct in their botanical composition and their physicy|
and chemical characteristics. Peats are formed by the accumulation of
specific plant materials in poorly drained locations. The type of plan
materials and its degree of decomposition determine the extent at whicl,
peat should be used for root media preparation. Peat is, generally classified

into four distinct types namely,
i. Sphargnummons peat

ii. Hyperaccon peat

iii. Reed and sedge peat

iv. Humus peat

Sphagnummons peat is the most popular form of organic matter
for preparing root media. It consists of at least 75 percent of partially
decomposed stems and leaves of sphagnummoss. The fibrons and sellular
structure of the moss must be reorganiable and it should be essentially,
free from decomposed colloidal residue, wood particles, silt and clay. On
compression it should exhibit elasticity and sponginess. Use of this as a
organic component, satisfy the root media requirement and can be mixed
easily with other components and long lasting. Neither it adds appreciable
amount of nutrients to the media nor decrease the available nutrients of the
soil. Generally its nature is quite acidic but can be amended by applying
lime store. After pasteurization biological and chemical charges do not
occur.

The other matters used in root media are

Manure wood residue

Saw dust
Wood chips
Bark

Com cobs

.

Bagasse

Rice hulls
Straw
Coconut husk
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Fig.3.2 Coconut husk used as growth media for anthurium.

3.6.1.2 Inorganic coarse aggregates :

These materials are added to the root media to increase the porosity
and improve the drainage and air movement activity. Alist of few inorganic
coarse aggregates is given below.

1) Sand : Size of particle is a determining factor for selection of sand as
one of the component. Fine sand contribute little as far as improvements
are required for drainage and air aeration but is low in nutrients and
water holding capacity and is chemically and biologically inert.

2) Perlite : It is produced from crushed alumina-silica volcanic rock.
Its regular surface can retain water. Perlite is sterlite with a pH of 7
to 7.5, chemically inert and does not have cation exchange capacity
(CEC). On mixing, it loosens the soil mixture, does not decay and
reasonably resistant to abrasion.

3) Vermiculite : It has high nutrient and moisture retention capacity
along with high cation exchange capacity (CEC). It contains large
amount of potassium and magnesium which are available to plant. It
is not durable and compressed and breaks easily in wet condition.

4) Calcined clay : These are porous and retain large quantities of
nutrients and water. They do add very limited amount of nutrients for
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the growth of plant. When mixed with other ingredients of root medis
it creates large pore spaces which are durable and stable. :

5) Cinders : Cinders are porous, light and possess a particle configuration

which produces large pore spaces in mixture. Cinders may contaip

large quantities of easily leached sulphates. So presence of these
sulphates require extensive leaching before mixing with root media
for crop production.

3.6.1.3 Synthetic coarse aggregates :

Now a days several plastic materials are being used as one of the
ingredients of root media. Either they are the byproducts of plastic
manufacturing or prepared especially for the use as root media component.
They are used most effectively as substitute for sand or perlite in a mixture
prepared with sphagnummos peat or pine bark. Some of them are discussed

below.

1) Expanded polystyrene flakes : Itis a by-product of polystyrene bead
processing. These are odorless, chemically neutral and decay resistant.
The do not absorb water internally and hold a small quantity of water
on the surface of the particle. Thus, it improves drainage aeration and
decrease bulk density of growing medium.

2) Urea formaldehyde foam : These are specially prepared by mixing
air with a liquid resin and allowing the mixture to cool under controlled
temperatures. These are available in 2000 litre sacks in 50 cm x 100 cm
blocks. The foam particles are like sponge which hold large quantity
of water. The pH of this foam is about 3.0, it may further lower the
particles and are subject to decompose.

3.6.2 Pasteurization of root media :

In the absence of crop rotation, the normal balance between soil
organisms is disturbed, which result in the loss of fertility and hence soil
borne pests and d1§eascs n_lu.ltlply manifoldtoagreatextent, The presence of
pathogenic bacteria, fungi, insects, nematodes or weed seeds in the growing
root media will interfere with the plant growing inside greenhoyses. These
parasitic organism attack root, stem of the plant which, in tyrn ha - Thes®
growth of crop to half of what it would be in healthy soj], mper

Pasteurization may be carried out by chemical fym;
. a
applying heat in the form of dry heat or steam. Hot air ig ,-,0% ;::f;l::d :ﬁ

il
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it contains relatively low heat and also drenches the medium. Dry heat is
applied, occasionally to a moving mass of root media. Chemical fumigants
do have limitation of availability and their variation is effectiveness for
eradicating all soil pests. Growing media heated with chemicals should be
aerated at least for 14 days before seeding.

The details of pasteurization methods is discussed in following
sections.
3.6.2.1 Steam pasteurization :

The eradication of soil pests using heat treatment is based on the
fact that living organism have relatively low thermal death points. The
steam pasteurization is responsible for killing of considerable amount
of beneficial organism in addition to pathogens. If weed seeds are not a
major problem, then a temperature of 70°C for 30 minutes will eliminate
soil pathogens which are harmful for greenhouses crop production. For a
satisfactory pasteurization in commercial greenhouses, the recommended
treatment is to raise the root media temperature to 82° C and maintain this
for 30 minutes at the coolest point in the root media. Steam provides a very
effective means of transforming a large quantity of heat i.e. 540 kcal/kg at
alow intensity (100° C). Heat is transferred through sieam until root media
particles reach a temperature of 100° C. At this point, condensation stops
and steam flows to low temperature zone. Consequently, most substrate
particles will be heated to a temperature of 100° C before the coolest
portion of the substract reach 82°C, which is recommended temperature

for destroying soil pests.

Presence of moisture is the deciding factor of steam treatment. If
moisture content is more, then more heat will be needed to evaporate
moisture. On the other hand, proper eradication is not possible in low
moisture content root media. Soil structure is also important as clay soil is

most undesirable for steam pasteurization.
Some of the problems associated with the heat pasteurization are:

1) Accumulation of toxic compounds, increase in soluble salts,
maganeze toxicity and ammonia toxicity.
2) Recontamination.

3.6.2.2 Chemical pasteurization :
Soil fumigants are volatile chemical substances whose vapors diffuse
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through the substract pores and act as toxicant to the soil pathogens. These
fumigants do not release toxic quantities of magnese and soluble salts when
applied to root media. However, in some cases, ammonia may accumulage
due to eradication of nitrifying bacteria but no response on ammonifying
organism. These are not preferred owing to their toxic nature harmfu] to
plants and man. For effective fumigation, there is critical temperature
requirement of 16 to 30° C soil temperature for most fumigants. At higher
temperature activity of micro-organism would increase thus may not be
that susceptible and also the rate of fumigation would be fast.

3.6.2.3 Solarization treatment :

For small volume of potting soil, moist soil is sealed in polyethylene
bags, each holding 5 kg. of soil are kept on concrete or black polyethylene
sheets for two weeks during summer. In the sealed polyethylene bags,
water vapor and CO, accumulate, heat and moisture are conserved which
result into greater mortality of nematodes. After solarization, the bags are
cut open at one end and the seed or cutting is placed, alternatively soil may
be used for potting or for nursery trays.

EXERCISE

Q.1. What is the principle used for growth media for greenhouse crops?
Q.2 What is the role of soil structure in the root media?

Q.3 What are different properties of root media

Q.4 Describe the different ingredients used for root media,

Q.5 Describe different methods used for pasteurization of root media.

® @@
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CULTIVATION IN GREENHOUSE

Number of crops can be grown in the greenhouse. Hence it is necessary
to understand the response of different parameters in the greenhouse on
crop yield. After knowing that the choice of different crops to be grown in
greenhouse can be fixed.

4.1 Plant response to greenhouse environment:

The productivity ofa crop is influenced not only by its heredity but also
by the micro-climate around it. The components of the crop micro-climate
are light, temperature, air compositions and the nature of the root medium.
In open fields, only manipulation of the nature of the root medium by
tillage, irrigation and fertilizer applications is possible. Even in this case,
the nature of the root medium is modified but not controlled. Whereas
a greenhouse, due to its closed boundaries permits control of any one or
more of the components of the micro-climate. These are as follows:

4.1.1 Light :The visible light of the solar radiation is a source of energy
for plants. Light energy, carbon dioxide (CO,) and water, all enter into
the process of photosynthesis through which carbohydrates are formed.
The production of carbohydrates from carbon dioxide and water in the
presence of chlorophyll, using light energy is responsible for plant growth
and reproduction. The rate of photosynthesis is governed by available
fertilizer elements, water, carbon dioxide, light and temperature.

The photosynthesis reaction can be represented as follows,

Chlorophyll
—_—

CO,+ Water + Light energy Carbohydrate + Oxygen.

Plant nutrients

Considerable energy is required to reduce the carbon that is combined
with oxygen in CO, gas to the state in which it exists in the carbohydrate.
The light energy thus utilized is trapped in the carbohydrate. If the light
intensity is diminished, photosynthesis slows down and hence the growth.
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If higher than optimal light intensities are provided, growth again slg
down because of the injury to the chloroplasts. "

The light intensity is measured by the international unit known a5,
It is the direct illumination on a surrounding surface that is 1 metre fm:n'
a uniform point source of 1 international candle. Greenhouse crops gy,
subjected to light intensities varying from 129.6 klux on clear summer days
to 3.2 klux on cloudy winterdays. For mostcrops, neither condition is jdey|
Many crops become light-saturated, in other words, photosynthesis does.
not increase at light intensities higher than 32.3 klux. Rose and carnatigy
plants will grow well under full summer light intensities. In general, fo
most other crops foliage is deeper green if the greenhouse is shaded to the
extent of about 40% from mid-spring (May) to midfall (Aug. and Sept),
Thus., it is apparent that light intensity requirements of photosynthesis vary
considerably from crop to crop.

Lig]}t is _classiﬁed according to its wave length in nanometers (nm).
?\Iot all light is useful in the photosynthesis process. UV light is available
!n‘the short wavelength range i.e. less than 400 nm. Large of quantities of
;t 1; hl';mlnful to the plants. Glass screens are opaque to most UV light and
ight below the range of 325 nm. Visible and white light
ooy ight has wavelengths

Wavelength {nm)
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Fig 4.1 Spectrum of solar radiation

For red light (700 to 750 nm) affec

t i .
photosynthesis. Infrared rays of longer anefengt?]I;ts, be51d_cs causing
the plant process. [t is primarily the visible spec et sivolued 0
in photosynthesis. In the blue and red bands th

: : : e f o e
is higher. When the blue light (shorter wavelen phOtosymheSls achvity

gths) alone js supplied to
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plants, the growth is retarded and the plant becomes hard and dark in color.
When plants are grown under red light (longer wavelengths), growth is
soft and internodes are long, resulting in tall plants. Visible light of all
wavelengths is readily utilized in photosynthesis.

4.1.2 Temperature : Temperature is a measure of the level of heat present.
All crops have a temperature range in which they can grow well. Below
this range, the plant life processes stop due to ice formation within the
tissue tying up water and cells are possibly punctured by ice crystals. Atthe
upper extreme, enzymes become inactive and again process essential for
life cease. Enzymes are biological reaction catalyst and are heat sensitive.
All biochemical reactions in the plant are controlled by the enzymes. The
rate of reaction controlled by the enzyme often doubles or triples for each
rise of temperature by 10°C, until an optimum temperature is reached.
Further increase in temperature begins to suppress the reaction and finally
stop it.

As a general rule, greenhouse crops are grown at day temperature
which is 3°C to 6°C higher than the light temperature on cloudy days and
8°C higher on clear days. With CO, enrichment, the day temperature may
be higher by 3°C. The night temperature of greenhouse crops is generally
in the range of 7°C to 21°C. Primula, mathiola incana and calceslaria grow
best at 7°C, carnation and cineraria at 10°C, rose at 16°C, chrysanthemum
and poinsettia at 17°C to 18°C and African violet at 2 1°C to 22°C.

4.1.3 Relative humidity : As the greenhouse is a closed space, the relative
humidity of the greenhouse air will be more when compared to the ambient
air, due to the moisture added by the evapotranspiration process. Some of
this moisture is taken away by the air leaving from the greenhouse due to
ventilation sensible heat inputs also lower the relative humidity of the air
to some extent. In order to maintain desirable relative humidity levels in
greenhouses, processes like humidification or dehumidification are carried
out. For most crops, the acceptable range of relative humidity is between
50 to 80%. However, for plant propagation work relative humidity up to
90% may be desirable.

In summers, due to sensible heat condition in the day time and in
winters for increasing the night time temperature of the greenhouse air,
more sensible heat is added causing a reduction in the relative humidity
of the air. For this purpose evaporative cooling pads and fogging systems
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e employed. When the relative humidity is op i

for humidification ar n ! :
| dehumidifiers and cooling coils are yse

higher side, ventilators, chemica
for dehumidification.

4.1.4 Ventilation : A greenhouse is ventilated for either reducing
temperature of greenhouse air or for replenishing carbon dioxide suppjy
or for moderating the relative humidity of the air. Air temperature aboye
35°C are generally not suited to crops in greenhouse. It is quite possible
to bring greenhouse air temperature below this upper limit during spring
and autumn seasons by simply providing adequate ventilation for the
greenhouse. The ventilation in a greenhouse can either be natural or forced,
In case of small greenhouse (less than 6 m wide) natural ventilation can be
quite effective during spring and autumn seasons. However, fan ventilation
is essential to have precise control over the air temperature, humidity and
carbon dioxide levels.

4.1.5 Carbon dioxide : Carbon is an essential plant nutrient and is present
inthe plant in greater quantity than any other nutrient. About 40% of the dry
matter of plants is composed of carbon. Under normal conditions, carbon
dioxide (CO,) exists as a gas in the atmosphere slightly above 0.03% or
345 ppm. During the day, when photosynthesis occurs under natural light.
the plants in a greenhouse draw down the level of CO, to below 200 pl‘;m.
Under these circumstances, infiltration or ventilation increases CO, levels,
when the outside air is brought in to maintain the CO_ at ambienzt levels
of C_O3 by providing ventilation may be uneconomical d2u3 to necessity of
?eatmg the {ncoming air in order to maintain proper growing temperatures.
;:]:U:i; gf%ggzeﬂ;;*;ngg;di ﬂl];rgregnhouse with (CO,) is followed

2 a given crop will vary, since it musl

be correlated with other variables in greenhouse production such as light
temperature, nutrient levels, cultivate and de :

will respond favourably to CO, at 1000 to 1200 rpm

4.2 Choice of crops for greenhouse cultivation;

The choice of crops grown in the greenhoy ;
basis of physical size of the structure and econo
type of crop. As a result high value horticult
popular in greenhouse cultivation. In addi
plant propagation material are another imp
greenhouse technology.

s€ are mainly made on tht
mic feasibility of particula!
ural Crops have been mort
ofg‘l_l:a(‘fi"g of seedlings and

ommercial aspects of

\_/’

gree of maturity. Most crops:
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Commonly grown greenhouse crops mentioned as follows:

Vegetables : Tomato, Cucumber, Lettuce, Onion, Cabbage, Beans, Peas,
Spinach, Egg plant, Peppers, Squash, Chillies, Radish, Okra.

Fruits : Strawberries, Grapes, Citrus, Melons.

Ornamental crops : Roses, Poinsettias, Potted plants,

Other crops : Tobacco, Nurseries, Chrysanthemums plants.

Production management of some greenhouse crop is discussed below

i) Tomato (Lycopersicon escwentum Mill)

In India tomato has become a very important vegetable during last 60

years. The fruit can be seen in the market throughout the year. Although
a ripe tomato contains as much as 93 to 94 per cent water, it has a high
nutritive value being a good source of vitamin A and B and excellent
source of vitamin C. It is very appetizing, removes constipation and has a
pleasing and refreshing taste.
Climate : The tomato requires warm weather and plenty of sunshine
for its best development. Prolonged cold, cloudy weather or repeated
low temperature without actual freezing, check growth and may impair
permanently the fruiting liabilities of the plants. Immature tomato blossoms
drop rapidly during heat and drought as a result of increased transpiration.
During warm and sunny weather, the fruit ripens best for yield, color
and quality seed and sowing. Being a self pollinated crop seed raising in
tomato is comparatively simple and seed raised from a healthy plant will
normally breed true to type even different varieties of tomatoes are grown
in adjoining plots.

Tomato seeds of outstanding performance in respect to genetic factor
and freedom from disease should be procured for sowing. As 400 to 425
gm of seed will produce sufficient plants for one hectare under open field
conditions, where as this amount will be less for pot or field cultivation
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under greenhouse system of production.

Soil and its preparation : Tomato is grown on a variety of soils from
sandy loam to heavy clay. However, for obtaining high yields, a wej
drained heavy loam is the best. In general, tomato succeeds well on loams,
silt loams and clay loams. The soil should be well ploughed up and well
manured before the seedlings are transplanted. Usually, 20 to 25 tonnes
of well rotten farm yard manure (FYM) is applied per hectare for field
condition and bit higher for pot cultivation as it is to be mixed with heavy
loams before filling into the pots. In addition, about 110 to 120 kg. of
phosphorous in the form of super phosphate is also beneficial. If too much
nitrogenous fertilizer is applied, there will be luxuriant growth of foliage
and less of fruiting. The tomato responds to liberal fertilization at planting
time and bear picking time. About 300 to 335 kg. per hectare of ammonium
sulphate should be applied as a top dressing, for field condition and less
for pot, in three split doses around the plants, taking care that the fertilizer
does not touch the plant parts. The first dose of about 100 to 115 kg. to be
applied when the plants have set after transplanting, the second dose of
equal quantity in the second month and third dose after the fruit set.

Planting : Tomato is first sown in seedbed or in pot and the seedling are
later transplanted in either field or in pot when they are about 12 to 15
cm. in height. In case of field condition, the spacing of 75 cm x 60 cm is
taken. As pots behave as independent, distance management can be done
accordingly keeping in view that each plant get sufficient sunlight required
for photosynthesis.

Irrigation and weed control : Generally, under open field condition,
irrigation is not essential for tomato production in humid region but in case
of greenhouse, irrigation is required to create that humidity. This could be
achieved by either irrigating the crop as and when required or maintaining
the desired humidity through misting. Tomato withstands drought f‘air];
well but irrigation is given at long intervals radial or concentric cracks may
develop on the fruit.

Clean tillage is essential for high yields. Hand hoeing ;
: n
to keep down the weed growth. Yields are depressed follgols i
of many weeds to a height of few centimeters.

Harvesting : The utmost care should be taken in re .
; a
if highest prices are to be realized. The stage ofhaie;i;agtlg:p:fdharvest
nds upon
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the distance of market and time to be taken in marketing the produce.
Tomatoes for local market should be picked when fully ripe and for distant
markets when they are turning pink. For far off and distant market they
may be harvested even earlier i.e. when they are in turning green stage.
Any stems should be removed and tomatoes should be cleaned.

Climatic conditions which prevail during the winter affect number of
quality parameter in tomatoes. Puttiness of tomato fruits can be controlled
by heating of the greenhouse. Blotchy ripening can be eliminated by
heating the air. On the other hand soil heating increases the blotchy fruit
incidence.

ii) Cucumber (Cucumis Sativus L.)

Locally known as kheera, the cucumber is a very popular and widely
cultivated vegetable in both open fields as well as in greenhouse during
off season. The crop is very popular in many European countries also and
produced mainly for shipment and pickling. In India, it is eaten raw with
salt and pepper or as salad with onion and tomato. The fruit is said to have
a cooling effect and prevents constipation and said to be useful in checking
jaundice. The fruit contains vitamins B and C.

Climate : A warm season crop which is highly susceptible to frost.
Temperature ranging from 26 to 30°C is most favourable and could be
easily achieved inside greenhouse during winter. It also requires protection
against strong wind which is not possible in open field condition.

Soil : For early crop, sandy or sandy loam is desirable but where heavy
yields are the criterion, silt and clay loams are preferred being their capacity
to retain moisture for longer duration. The land should be ploughed two or
three times to prepare the field adequately.

Manuring : A basal dose of 35 to 45 tonnes of farm yard manure (FYM) per
hectare should be worked into the soil before sowing. Inorganic fertilizers
at the rate of 50 kg ammonium sulphate, 100 kg. super p_hosphate and 55
kg potassium sulphate per hectare may be applied at the time of final ﬁn?ld
preparation. In addition to this, ammonium sulphatE: may also be applied
as a top dressing at a rate of 40 to 60 kg per hectare In two separate doses
_ first when the plant starts to run and later when fruiting has started.

Sowing : Sowing for off-season crop Or for spring summer crop may be

made early in December for preparation of seedlings. When the hei ght of
plants becomes 10 to 15 cm (3 to 4 weeks), they are transplanted in the

s it R T
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already prepared field or in pot as per the availability of space and sg;)
conditions. About 2.5 kg of seed per hectare is sufficient. The seed require
a temperature well above 10°C and up to 30°C for good germination.

Pollination : Although cucumber is self pollinated but in closed structure
like greenhouse where pollination agents like wind, insects etc. are noy
feasible, manual pollination is done. The time of the pollination should be
between 8 am to 10 am for getting optimum yield.

Cultural Practices : During dry weather, at least weekly irrigation may
be required, when inside temperature shoots up above 30°C. Two or three
weeding may be required and these operations should be shallow since the
plants have a shallow root system.

Harvesting : The crop may become ready for harvest in 60 to 75 days after
sowing. The season extends over a period of two months. Picking may
be necessary every second or third day. The fruits are picked by cutting or
breaking the stem close to the fruit. Allowing fruits to mature is reported
to retard growth of new fruits and yield, so harvesting at right stage is
necessary.

iii) Chilli (Capsicum annum. L.)

The capsicum is believed to have originated in the tropical America.
They were important food plants in early times and now are popular the
world over. The small fruited kinds are hot and pungent and the large
fruited once are generally mild. The later form chiefly the vegetable and
one cooked as stuffed with many food preparations.

Climate : The crop is tender to frost but does not require high

temperature.

Soil : A warm deep fairly moist and fertile sandy loam is preferable. The
drainage must be good. The soils with high moisture rention capacity are
chosen where the crop is grown as unirrigated crop.

Seeds and sowing : Like tomoto, the chilli seedlings are first started in
nursery and later transplanted. The sowing is done from June to September
in the plains and from March to May in the hills under open field condition
Whereas in case of greenhouse cultivation, sowing can be done fom'
December to March. A high temperature is said to promote early and I -
germination. Seed beds are well prepared and seeds are so J n go :
about 4 cm apart. The seeds germinate in about pyo s Wl\lv 1}1 ;ot\;]!e

—
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plants are about 100 cm high, they are ready for transplanting. Preparation
of field is similar to that of tomato. For field conditions spacing of 60 to
75 ¢cm x 30 to 45 cm is recommended. The seed requirement per hectare
is about 1.25 t0 1.50 kg.

Manuring, irrigation and weeding etc. are similar to that of tomato.

Harvesting : The fruits of vegetable type of capsicum are picked as soon
as they attain marketable size. The fruit starts ripening about three months
after transplanting and picking may go on for two or three months. They
are sold mostly green, The fruits should be snapped or twisted off from the
stem. Chillies are harvested mature green for salad, vegetable and pickle
and for condiments when they are fully ripened and turned red.
iv) Pepper

Pepper fruit malformation is caused by low temperatures prevailing
during early stages of flower development. Under such conditions, there
is an excessive enlargement and deformation of the ovary resulting in
production of deformed fruits. In addition, ovary enlargement is associated
with the production of many parthenocarpic fruits due to improper
fertilization, although pollen may be abundant and viable. Low temperature
causes concentrated pepper fruit set which results in great abundance of
fruits on short, internodes. This morphological development may itself be
an important factor which enhances fruit malformation.

EXERCISES

1. How temperature changes affect the plant growth processes?

2. Describe different micro-climatic l?l;@";sa['?@@m@g&ﬂg“f he qg,rowth of
_s o &

crop in controlled environment. P st

Fy
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3. Write short notes on 3 ) A
g ==
CC. Nn. 34 ,‘;}3

a) Relative humidity 'é\\\ A
b)  Greenhouse ventilation \\t\\‘ mﬁ\ﬁi* 7
¢) Carbon dioxide levels in greenﬁ*bu;g;;:w I;.: e _5; -

What are the different crops which can be grown in controlled

environment?
5. Write in brief about cultivation of tomato in greenhouse.
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SYSTEMS IN GREENHOUSE

A need to cool a greenhouse arises whenever the greenhouse ajr
tcl_nperaturc exceeds the upper limit of the crop tolerance. Failure g
bring down the temperature effectively may result in either partial o
total crop failure within only a very short period of time. Considcra(ior:
fc]r appr_opriate cooling systems is essential because temperatures are on
higher side for long period in most of the parts of India. Process of coolin
§ystem includes selection of cooling method and its designing. Vemilalioﬁ
is the_ process of allowing the fresh air to enter into the enclosed area b
drav\fmg. out the air with undesirable properties. In greenhouse comex:’
venulatlo.n is. essential for reducing temp. replenishing CO, and comrol]i;1.
RH. Ventilation requirements of GH vary greatly dependirﬁg upon the crtJg
grown and the season of production, selection of relevant ¢
equipments and provision of controls. components o
5.1 Methods of greenhouse cooling :

. hSeveral methods based on convection / forced air movement with!
without the evaporation of water are available for cooling of
They are explained below. ng of greenhouses.

5.1.1 Ventilation:

Ventilation is the process of allowi
o owing the fresh air i
enclosed area by driving out the air with undes; bl to enter 'mto the
greenhouse context, ventilation is essential for rrg e properties. In
€

replenishing CO, and controlling relative humidity, ucing temperature,

Ventilation requirements for
greenhouse va
the crop grown and the season of the productionry fread

5.1.1.1 Ventilation with roof and side ventilators .

y depending upon

The top ventilators are provided in the roof

arrangement is made by the four sides. The hot 4 and rollable curtain

r
from greenhouse is

s
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removed from top ventilators and it is replaced by ambient air from sides.
Top ventilators are having the depth of 0.6 to 1.0 m, whereas side curtain
has the width of 1.5 to 3.0 m depending upon the column height.

The ventilation area should be at least 20% of floor area for effective

ventilation.

Generally, such type of structure is affected structure. The air
movement in such structure is affected by temperature difference between
inside and outside. The wind has also considerable effect on air movement.
The cooling system of naturally ventilated structure can not be designed
precisely because temperature difference and wind (velocity & direction)
are highly variable. The correct placement of top ventilators and proper
greenhouse orientation will have partial control over temperature inside

greenhouse.
5.1.1.2 Roof shading :
Partial shading is used to reduce the intensity of sunlight in the cropped
area. Shading can be done by two methods.
a) Application of white wash : Application of white wash with any white
material like distemper or lime over glazing material is comparatively
and less expensive method. Such a paint washes off by itself by the

rain.

b) Shading screen : It can be used for a part of growing season or
if a specific level of shade is required. The material may be Poly
Propelene (PP), Poly Ethylene (PE) or Polyster with different grades
of shade like 20%, 25%, 35%, 50%, 75% and 90%.

5.1.2 Evaporative cooling: (EC)
f cooling obtained from an evaporative system is directly

The degree 0
related to the dry-wet bulb difference that occurs with a given set of climatic

condition. Evaporative cooling systems are most effective in areas where
a consistently low relative humidity exists. Generally, the period of lowest
humidity occurs during the hottest part of the day when the greatest degree
of cooling is required and evaporative cooling is more effective. The
relative humidity increases as night temperature declines and little or on

cooling is required.

5.1.2.1 Fan and pad system:
It is adaptable to both large and small greenhouses. In this system, low




A text book of Protected Cultivation and Post Harvest Technology 4
1

velocity and large volume fans draw air through wet fibrous pads mq, e
on the opposite side or end wall of the greenhouse. The outside 4 o
cooled 1o 3-12°C depending upon sunlight intensity, relative humidity a“];

the amount of shading compound applied.

The pad can be made of different materials viz. gravel, straw, woqyq
fiber, khus, honey comb paper & charcoal. Most of the greenhouse Wi]i
require about 1 m of pad height for every 20 m of pad to fan distance. py
design should provide at least 6 lit water/min per running meter of thé pad
system of 1 m height. Due to continuous watering, pads accumulate salts
:srahg ar}g thus cnc(:late openings that allow hot air to enter the greenhouse

e efficient pad material is of honey comb . g '
Bl y comb cellulose paper but it is very

. Pla;cement of exhaust fans also affects the distribution of cooled air
“'ﬁyds 10}11:1 not be located more than 9 m part otherwise warm areas.
ill develop. Fans should be placed '
el F on the side agai irecti
of prevailing winds. Thermostatistically operated f‘anga:']n; tp;}:; s‘:{;":;:"_"
15

desirable for uniforn i
_ 1 and automatic cont i
may be installed to avoid excess humidity. i s Kt

5.1.2.2 High pressure mist system :

Water is sprayed into the air above
from low capacity nozzles (1.9 to 2.8
atmosphere cooling the air as it eva

;h; plants at pressure 0 35-70 kg/em’
p]; rzn A fine mist fills the greenhouse
o :;. Although most of the mist

» Some of the water settles on the

more effective during the warmest part of the ¢
ay.

5.1.2.3 Low pressure mist system :

lemplz’i;tmg chvnh water pressure less than 7kg/oma

i ;rredml(j c;oof]er in a greenhouse comparejrso have achieved air
ets from a low pressure mist: tatural ilati

and do not evaporate qui ing ot g : e

quickly. Leachin o SCM are quj

drawback in using this. 8 of nutrients from goj) o
gt Is a serious

5.2 Greenhouse irrigation systems:

A well-designed irrigati i

gation system will sy

water needed each day throughout the year. Ti?: ]qu;ne Precise amount of
lity of =0
W

W

et

k of Protected Cultivation and Post Harvest Technology 45

A text boo

would depend on the growing area, the crop, weather conditions, the time
of year and whether the heating or ventilation system is operating. Water
needed is also dependent on the type of soil or soil mix and the size and
type of the container or bed. Watering in the greenhouse most frequently
accounts for loss in crop quality. Though the operation appears to be the
simple, proper decision should be taken on how, when and what quantity
to be given to the plants after continuous inspection and assessment. Since
underwatering (less frequent) and overwatering (more frequent) will be
injurious to the crops, the rules of watering should be strictly adhered to.

5.2.1 Rules of watering :
The following are the three important rules of application of irrigation

water.

Rule1. Use a well-drained substrate with good structure.

If the root substrate is not well drained and aerated, proper
watering cannot be achieved. Hence substrates with ample
moisture retention alongwith good aeration is indispensible for
proper growth of plants. The desired combination of coarse
texture and highly stable structure can be obtained from the
formulated substrates and not from field soil alone.

Water thoroughly each time.

Partial watering of the substrates should be avoided; the supplied
water should flow from the bottom in case of containers and
the root zone is wetted thoroughly in case of beds. As a rule,
10 to 15% excess of water is supplied. In general, the water
requirements for soil based substrates is at a rate of 20 I/m? of
bench, 0.3 to 0.35 litres per 16.5 cm diameter pot.

Water just before initial moisture stress occurs.

Since overwatering reduces the operation and root development,
water should be applied just before the plant enters the early
symptoms of water stress. The foliar symptoms, such as texture,
colour and turgidity can be used to determine the moisture

stresses but they vary with crops. For crops that do not show
colour, feel and weight of the substrates are used

Rule 2.

Rule 3.

any symptoms,
for assessment.
Different irrigation water application systems are discussed as follows:
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5.2.2 Hand watering : _ ) )

The most traditional method of irrigation is watering and in presey
days is uneconomical. Growers can affo_rd hand water!ng only where
a crop is still at a high density, such as in seed beds or when they ar
watered at a few selected pots or areas that have dried sooner than Others,
In all cases, the labour saved will pay for the automatic system in less
than one year. It soon will become apparent that this cost is too high. In
addition to this deterrent to hand watering, there is a great risk of applying
too little water or of waiting too long between watering. Hand watering
requires considerable time and is very boring. It is usually performed by
inexperienced employees, who may be tempted to speed up the job or put it
off to another time. Automatic watering is rapid and easy and is performed
by the grower himself. Where hand watering is practiced, a water breaker
should be used on the end of the hose. Such a device breaks the force of
the water, permitting a higher flow rate without washing the root substrate
out of the bench or pot. It also lessens the risk of disrupting the structure
of the substrate surface.

5.2.3 Perimeter watering :
Perimeter watering system can be used for crop production in benches
or beds. A typical system consists of a plastic pipe around the perimeter of

a bench with nozzles that spray water over the substrate surface below the
foliage as shown in Fig.5.1.

In this system either polyethylene or PVC pipe can be used. While
PVC pipe has the advantage of being very stationary, polyethylene pipe
tends to roll if it is not anchored firmly to the side of the bench. This causes
nozzles to rise or fall from proper orientation to the substrate surface.
Nozzles are made of nylon or a hard plastic and are available to put out a
spray arc of 180° 90° or 45°. Regardless of the types of nozzles used, they
are staggered across the benches so that each nozzle pro; ect b :
two other nozzles on the opposite side, PP SR R er

Perimeter watering system with 180° :
for benches up to 30.5 m in length. For 22!212:-‘:;232:—1’;5 25 e e
61.0m, a water main should be installed on either side .5 m and up to
half of the bench. This system applies 1.25 1/mjn/m of’ one to serve eaccl'l
90°, or 45° nozzles are alternated, the length of 3 b PIpe. ‘?Vhere 180%,
water valve should not exceed 23 m, ench serviced by one

—
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Fig.5.1 Schematic diagra

5.2.4 Overhead sprinklers: cept dry for

4Wh:1e the foliage on the majority of croPs Shc:ugu:z:e"?hes? o

disease control purposes, a few crops do _tolfrgt?rj; overhead. Bedding

i d cheaply be irrigate d

o canelir;gsfi;:rssﬂinilnsome gpl'een plants a.re_crops commornge\\;i:zl‘; .

plantsc')j:rhead as shown in Fig.5.7. A pipe IS mstaLle_d E{O‘Ef;“ above the
i‘rt? rI‘lbed Riser pipes are installed periodically to a helg

ol a ™

e —

l TOP VIEW
m of perimeter watering system

—



T

A text book of Protected C ultivation and Post Harvest Technology
18
final height of the crop. A total height of 0.6 m is sufficient for heqg:
plants flat and 1.8 m for fresh flowers. A nozzle is installed at theemhn
each riser. Nozzles vary from those that throw a 360° pattern contin iz
to types that rotate around a 360° circle. Trays are sometimes placedUOUSEy
pots to collect water that would otherwise fall on the ground betwe o
and is wasted. Each tray is square and meets the adjacent tray. In []e_n e
nearly all water is intercepted. Each tray has a depression to accomm b
the pot and is then angled upward from the pot toward the tray eITOde
The trays z:.!so have drain holes, which allow drainage of excess [\J’v ;mem
store certain quantity, which is subsequently absorbed by the substiaiz e

Plastic water colla:ua.;m

Fig. 5.2 Sc icdi
. hematic diagram of overhead sprinkje g
5.2.5 Boom watering : T watering system.

Boom watering can function either g

! s

soeplaslc trays thas z:xe ;_wd:h and length dimensil:)ug trays. Plug trays
800 cells. EacEl seedI:in o €M 1o 3.8 cm ang cns O'f e e
el Roctim i,f Brows in its own indjyiq Ontain about 100 to
portant during the o to § :Fal ;e][. Rregisionl

€ek production time
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lings. A boom watering system generally consists of a water
hat extends from one side of a greenhouse bay to the other.
fitted with nozzles that can spray either water or fertilizer
solution down onto the crop. The boom is attached at its center point to
a carriage that ridges along rails, often suspended above the center walk
of the greenhouse bay. In this way, the boom can pass from one end of
the bay to the other. The boom is propelled by and electrical motor. The
quantity of water delivered per unit area of plants is adjusted by the speed

at which the boom travels.
5.2.6 Drip Irrigation System :

of plug seed
pipe boom t

The pipe i

-~

t components of drip irrigation system.

Fig. 5.3 Differen
on is the application of s

mall amount of water near the
tervals through emitting devices via a
filtration unit, control valves, laterals

Drip irrigati i
root zone of the plants at frequent in
network of pvC mainline, submain,

and drippers.

Thissystem applieswater slowly, almostmatching withthe consumptive
water use by the plant, to keep the soil moisture within the desired range
of available moisture to plant growth. Water is discharged drop by drop

f a few liters per hour. This system minimizes the water

at very low rate O
losses in the conventional irrigation methods such as deep percolation,

runoff and evaporation.

____...---"'""__
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Drip irrigation is one of the latest method of !rrigaﬁon, which jg
becoming increasingly popular inareas with waterscar(.:lty and salt probley,
Drip irrigation is the best means of water conservation. In general, the
application efficiency is 90 to 95%, compared with sprinkler at 70% anq
furrow irrigation at 30 to 50 %. Drip irrigation is not only recommendeq
for protected agriculture but also for open field crop production, especially
in arid and semi-arid regions of the World. Drip irrigation is also known
as trickle irrigation.
5.2.6.1 Benefits of Drip Irrigation
i.  Water saving to the tune of 30 to 70 per cent.

ii. Increased plant vigor and crop yield.

iii. Labor saving.

iv.  Use of pure quality water is possible. It reduces the salt concentration |

in the root zone when irrigated with poor quality ground water.
V. No interference with cultural practices.
vi.  Can be used in hilly regions and on saline or alkali soils.
vii. Reduced weed growth due to partial wetting of the soil.
iix. Saving in fertilizer,
ix. Less disease and pest problem.
X.  Irrigation application rate can be adjusted as per the soil type.

xi.  Water and fertilizer can be applied uniformly to each plant

xii. Integration with other agro-technica .
agriculture it is important to irriga
and harvest at the optimum time,

lactivities is possible. In intensive
te, spray, weed control, cultivate

xiii. Fun to do: Drip irrigation sy
plant-friendly. They will
up a system is fun and on]
making it a family project.

;tems are fu.n. They are user-friendly and
add to your life by simplifying it. Setting
Y Tequires a few hours. Kids Jove to help,
5.2.6.2 Component of Drip System :

' Adrip irrigation system consists of filters
drippers (emitters), and other smal] fitti

1. Filter : A filter unit removes the sus

Atexd

1)

b)

kof protected C wdtivation and Post Harvest Technology 51
book &

50 as to prevent blockage of holes and passage of drip nozzles.
water,

e of filtration needed depends on water quality and emitter
k> tyﬁ rwo-stage filter unit is usually used. '
2 Jter (Sand filter): These filters are effective agamst bqth
f}ravel ‘ﬁ e.(-i organic suspended solids. This type o_t' filter is es§entlal
;‘Esrfsai:: \afvr:ner from open drip irrigation. The dirt and

algae is stopped and accumu
Gravel filter consists of smal

reservoir in itio '
lated inside the media In the filter unit.

| basalt gravel or sand (usually 0.7 to

2 mm diameter) placed in a metallic cyhndraca}i{tanﬁi tl.l\zfzgﬁrerleéz
suspended impurities enters from the top, ﬂou{s t : [»?:gm -
nd clean water comes out at the bottom, leefvmg s
;he filter is cleaned by reversing the du:ect:on of flow r{;r:lhc e
time. Pressure gauges arc fitted at the ml.et and ou-tlet ore g 5
Whe'n the dirt accumulates, the pressure difference lstnblgc'eaned t;y
to 1.0 kg/cm? (510 10 m of water), and then ﬁln_ers mlu;s ke
opehing the cover or back washing. Automatic sell-C g

are also available.

The flow rate of the filters may
diameter may range from 10 t0 50 cm depend
the system.
Screen filter : A screen ﬁbltet:
sand filter and this may be 11
depending upon quality of water. '];r:os;ze; o
in shape and are made- t;ldef nt;::}:; :

flters are specified as y |
zcresnd‘ meter of inlet and outlet (ranges from 25 mm to 110 mm)

y the dia

d range

be 10 to 50 m*hr and the tank
ing on the capacity of

is often placed down - stream to the
stalled with or without grav;l ﬁ].ter,
s are usually cylindrical
1 or plastic material.

mende of flow rate (ranges from 3, 5,7,10, 15,
By the recom

3/hr). ) )
o, 1%0 " f]-u)}]es in the screen in mm, micron or in term of mesh
By the size 0

Y inch. As an approximation
f holes per square inch
that is the "uo'gb(;r;;g 150 and 200 mesh. The most common mesh
@0, 40’d8f%r iirip, irrigation is 100 to 200 mesh (0.15 mm to 0.08 mm
selecte

diameter)-

] su
By the tota!
afea which i5 USt

rface area of the filter (cm?) or the active or net filter
ally about 1/3% of the total filter surface area.

S
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. Al'fxl 00.
> By'the sieaniog methoily:y Manual or ammsmatic: The heaq l i re coloured black to avoid algae
across the filter should not be more than 3 m and otherwise ne:(:: mm and 20 mm diameter. These a

c)

cleaning. The filters are cleaned by flushing the screen with a Strean,
of water. After cleaning, the screen is checked for tears and the gaskg

should be checked and replaced when necessary.

With relatively clean water, only screen filters may be used.
Disc filter : The filtration element is made u
Wwhich are piled together around a tele
desired degree offiltration. Both sides
grooves cross each other, when piled
housing is made up of plastic or met
sizes mainly 25 mm to 90 mm, The

p of grooved plastic discs,
scopic core, according to e
of the discs are grooved ang the
up and tightened together. The = 5
al and comes in many different

Submain : The submaijn convey.
laterals. They are also buried in
made ofrigid PVC material. Th
than main line, for economy. There may pe nu
one main line depending upon the Plot size anq
Laterals : Laterals are small diameter fley; e pi
of linear low density polyethylene (LLDpE) Pipes or tubings made

S the water f;,
_Bround belgyy, 4
€ d'amelerofsuhm

M mainline to the
Scemto 60 ¢m and

°r of submains from

2 having 12mm, 16

ainisusually smaller th

°rop type. 8.

h inside and minimize the damaging effect of ullraz-w?llet
D'WI‘ y They can withstand maximum pressure of 4 kg/em®. They
B d);o submain at predetermined distance. The pressure
arc.c(?m'leCtB en two extreme points of a lateral should not be more
e be;ge er cent and discharge variation should not be more
tEan llg ;gr cen[: On slopping ground, the lateral are placed along the
than .

contour with 1 per cent extra length.

mitters or drippers : - | -
Eh discharge water from lateral on to the soil niial ;hz i,l?f :rent
iheﬁe are various types and sizes of dnppf:rs, b;se (:) ety long

. ting principles. They are made of plastic sucI taslps) e
operalypfopylene Their discharge ranges between I to

t po A har
(chri?Jper has its own characteristics, advantages an
determines its use.

i lassifie

The drippers can be ¢ _
discharge, type, structure, working press

ensat .
compensating and non presstre fon;shieve the minimum discharge
i ion 1s to
inci in dripper selection
principle in

ter passage is
: ace The large wa .

i i size of water pasEs” - inimum discharge
ol rfla)umur.n imize clogging and prqwde.the mlssary e ale [ &
essential to mint Trorsfore, an emitier _ ; e ool
fC.tl' cbeapeﬂ Sde:-;ug;cr). Emitters may be |:iu:4;1'chel ::hey o
Pipe 15 not 2 bepﬁtted in the lateral. According y

lateral or may

— : respectively.
online or inline emitier® ; These are used 10 control the flow

d limitations, which

i i inciple,
ording to \vorqug pri
oy ure, durability, pressure
ing principle. The main

alves) i filtration
Control valves (Ball ¥ es. Generally, they are ’"Sta"eg OE of gun
through the submalnglgn 'all submains. They are made up
an

system, mainline_
metal, PVC, cast 1r
140 mm. .

Flush valve : It 15
water and dirt accu

i 20 mm to more than
on and their s1z¢ ranges from
ided at the end of each sybmain to flush out the
pm:latcd at the end of submian. ' .
- preakage valve : It is pl‘O?’lded. at he
m vac“_uulline to release the entrapped air dunpgt e
thz fc;ag;eak the vacuum during shut off. It is also
Ilain if submain length is more.

Air release €U
highest point lna
start of syste™
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9. Non-return valve : It is used to prevent the damage of pu
back flow of water hammer in rising main line of drip ]::p from
Iga[i{}n

system.
10. Pressure Gauge : It is used to indicate the operating pressy
drip system. The pressure gauges are installed at the in]et a;rz o e
of the sand and screen filters. Ol
11. Grom!nel and take-off: These are used to connect the [at
§ubrna|:1. A hole is punched with hand drill of predetermin emI'm
in submflin. Grommet is fixed into the hole on submain Taked Slz.e
pressed into the grommet with take of punch up to the sl;:p r ‘ 9ﬁ]s
Grommet acts as a seal. The sizes are different for 12 mm lg g
20 mm lateral diameter. e

12. ;Snl:;: (;.':.p; (Eu:d sets) : They are used to close the lateral ends, submaiy
e ainline ends. Submains z?nd mains are preferably provided

. Fl : .ush valve. They are convenient for flushing the line. :
; - :sr;ll::l:(zi::g:t;:n :llt is u.sed_maddthechemicals(nutrient.s, herbicides
estlel e Cf.]enolil 1eI lmdgatlon water. However, fertigation is not fre;
bl an.d emicals added to the water may be toxic to the human
animals. Therefore, care must be taken to prevent the

back flow of irrigation water i
e ter int > .
drinking purpose, nto the source, which might be used for

EXERCIES

Q.1. What are the rules of watering?

Q.2. Enlist different irrigation water application

perimeter watering system in brief, systems and describe the

Q.3. Enlist the different components of drip irriga;
Q.4. Describe the ventilation n 190, system.
1ethod of greenh
; Ouse cooling

Q.5. What is evaporative cooling?

RS
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6.1 Introduction :

Drying of agricultural products is an important unit operation under
est phase. It refers to the removal of moisture from grains and
other products to a predetermined level, whereas dehydration means
removal of moisture to very low levels usually to bone drying condition.
Drying is a thermo-physical and physico—chemical operation by which the
excess moisture from a product is removed. Drying makes the food grain
and other products suitable for safe storage and protects them against attack
of insects, molds and other micro—organisms during storage. It has been
found by several experiments that harvesting of crops at higher moisture
content and subsequent drying to safe moisture levels leads towards saving
of grains to the tune of 6 to 7 per cent. For example, if paddy is harvested at

20% to 22% moisture content and later on dried to 14% moisture content, it
in comparison to harvesting

has a potential of increasing rice yield by 10% '
paddy at 14% moisture content. Therefore, it is important to do the timely

drying of agricultural products.

6.2 Drying process :

During drying the moisture from
in the environment. Removal of moistu
high temperature conditions. Drying remov :
inside solid matters. In some products, drying is carrie
moisture content to a predetermined limit.

Some amount of moisture present in the pore spaces of grains. Excess
bound form with absorbing materials of

amount of moisture remains in _ ‘
the grain. Mutual reaction takes place between absorbing materials and
moisture molecules, finally the moisture chemically bounds with the
chemical constituents of the food grains. Removal of moisture from wet

post harv

solid gets vaporized and diffused
re takes place by high pressure or
es the volatile material present
d to bring down the

————
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materials by vaporization depends on the rate of heat and mass tr,

s . . . ns
which is related with the following two basic phenomenons: fer,

1. Vaporization of moisture from surface of material.

2. Movement of moisture from internal parts of material to its surfac
The movement of moisture takes place because of diffusion ¢ T'
contraction and vapor pressure gradient. =

In Fig 6.1 the phenomenon of moisture removal fi
rom ft ains j
heated air drying is shown. R

B C
Fig.6.1 Removal of moisture fr
A: Distribution of moisture i

the eng
6.3 Advantages of drying : ofdrymg
Drying is thermo—physi
: e ysical and i .
dynamics principles are governed by hE::'SlCO—chemi

’ andich cal action and its

rying is the most effuey: Sfer laws inside |

safe storape - CUVe unit oparat;

: ge of agric 5 Peration for

Gde and therma| attack o ingroducts. Proper
can be kept at Negligipje lects and micro—

ng are as follows . gvel.

Drying permits carly harvest of Crops. This e d '.
ads

and outside of the products, D
pro-leclion of food grains and
drying makes the materia] sta
organisms during storage peri
Different advantages of dryi
1.

eduction of

—— B in o
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losses by shattering. This also leads to permit time for preparation of
Jand for sowing of next crops.

2. Drying helps in proper planning of harvesting season. If adequate
drying facilities are available then crop can be harvested as per the
availability of labourers.

3. Drying of agricultural products to optimum moisture content result
in safe storage of products over a longer period. Grains are stored
in large quantities for long period in government ware houses and
industries for the subsequent use as and when required.

4. Storage of products after drying makes products available during off
seasons. Selling of grains in off season would fetch additional income
to growers as prices remain higher during these periods.

5. When grains are stored, due to increase in the temperature and moisture
content, heat of respiration also increases. The heat of respiration can
be removed by aeration and drying. Thus the temperature and moisture
content of the products can be brought down and the viability of seeds
could be maintained.

6. Some agricultural by—products and waste products can also be
converted into useful products by proper drying.

6.4 Grain drying (drying theory) :

Drying is a convection process in which moisture from a product is
removed. Dehydration is a process in which products are dried to very
low moisture levels. It is necessary to understand the nature of air and
composition of products to know the drying process.

The atmospheric air surrounding the grains is a mixture of different
gases. It contains mainly oxygen 20.95%, nitrogen 78.09%, carbon dioxide
0.03% and argon 0.93%. Air also contains water—vapor. Water vapor creates
pressure which is dependent on the amount present in air.

The composition of food grain is mainly dry matter i.e. starch and
moisture. The water content of agricultural products is given in terms of
moisture content. At the time of harvesting_moisturc content of products
is high. By nature, f‘oc?d grain§ are hygmscop_lc. Theylgain or loss moisture
as per the atmospheric conditions. The moisture migration into or from
a product is ‘dependent on the difference of vapor pressurc between
atmosphere and product. If the vapor pressure of grain is greater than

.




e ————

A text book of Protected Cultivation and Post Harvest Technology 5
atmospheric vapour pressure, transfer of moisture from
takes place. But when the atmospheric vapors pressure
Vapors pressure, grain absorbs moisture from atmosph

grain to almosphere

is greater than grain
ere.

Moisture remains inside any hygroscopic product in two forms,

1. Bound moisture : In bound moisture, the water Vapor pressure qf
grain is lower than the vapor pressure of free water surface. The
highest bound moisture content is reached when the hygroscopic
product is kept under 100% relative humidity condition.

2

The unbound moisture : The unboun
the bound moisture content,

6.5 Mcthods/ Types of drying :

There are many methods for develo
between products and atmosphere. [

d moisture content is more than

pingwatervaporpressuredifference
or drying of any product, the water

1. Sun or solar drying
2. Conduction drying
3.  Infra-red drying

The methods usually employed to lower th

' € Water vapor pressure of
air are:

1. Heated air drying
2. Desiccated air drying
3. Refrigerated air drying

The agricultural product drying methods can be broadly grouped into
two:

1. Sun/Solar drying
2. Artificial drying with mechanical means
6.5.1 Sun drying :

This is a traditional method of drying of Crops and grains ang probably
being followed by farmers since man has developed art of cultivation, St
in India, major portion of crops is left in the field and threshing ya.rd fo;
drying under sun.

_———"——-‘__
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drying :
hods of sun . |
d as follows:
ethods are classifie |
Thes\:e " f standing crops : Grains are dried on the plant till pr(;]pzr
Dr}.’lﬂg_ c'contt:rnt is attained. Then, the crop is.harvesfed an_d thres :Ss.
mmsmle'derable quality is lost due to shattering. Th_ls drying proc .
ButhC'ﬂS;nd takes about 2 to 3 weeks after the grains have attain
is slow :
jological maturity. ' .
e 'g of grain on stalk : This is an 1mp|'0\iement over t:u; [llggci:[kﬂ
: Drylllnﬁ The crop is harvested at high?r 1'1‘1015’[}11‘8 mntaz:ner ik
E“etth 0ﬁ-eld or on bunds of the field till it has dnled io f::spte(j o
e i is to dry the ha :
nproved method is s
mnlicntC'ergoi’;hgzl::ilEd near the ears and hung on a rope exposing
racks.
the sun.
3. Drying of threshed gr

Met

ains : The harvested crops at hi g[ﬂ1er m.o:sll;u:':
- C or in
i spread on the floor 1n
d and the grains are : o
co“tem_ 1 thfef(";? 6.2). Itis continuous St’] rred ma;m::1 eygmi has
3'3”{ th::ld;laﬂ:; irab%é: rr'misture content. In thlsk Eriic:elje ,kemels
aﬁz_;zt?te:l teo uncontrolled drying causing crac
§

—_—
—_—

—_—
2______? —_—

- f grains
ig 6.2 Sundrying 0
Fig 1.Sun, 2.Air

: ing * . ing of grains
6.5.2 Mechanical df}’of utilizing mechanical means :;?asdsr);o iccompﬁ‘.&h
t is e ey heated ai through the &7 stem is having
b I-bl ting N8 ural 0{'_' m it. The mechanical drying sy
y vibra oisture fro :

removal Dfeatures.
following
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i Rate of drying of grains can be controlled by contrg]
temperature of hot air ventilation through grain mass

1. Grains can be dried in all seasons and also during night

iil. ']T’he process is automatic and requires a small number of :
' abourers, however a trained person is required to operate thunskxlled
iv.  Losses due to insects, birds and rodents are avoided € dryer,
Y. . .
z:;zelif;isi: afcfllltl]lre's fuel or .electrica] or mechanical power
cxrmt el neir accessories. Cost of drying per unit o
y higher than sundrying. mass i

vi. The process requires li
; : ; :
ey q ittle space for operation and is suitable for big

vii. Mechanical drvine i :
e rying in conjunction wi :
milling quality of gains. ith early harvest improves the

Mechanical drying methods -

]t:z n(::'ied by heated air. Methods of transfer
erous. Hence, some of th i

are described below. P e e g metions

6.5.2.1 Contact (Drum) drying :

In this method of dryi
. drymg, hEat i .
conduction. For heat transfer, a hf::autecl]:ursfl:alcjzglFIEI 2
1Ke

the heat tran ;

cOmiTBiTS u;é'zrhcoe-fﬁc:ent from the heating me die d also depends on

ST G eating medium in conduction dryin t

transfér coe mCi;l]lIJ;dSS,_metal; o wilghc#mlinonly acc are

i s - Since all the heat whi 180 values of

is utilized for moisty which passes s of heat

. re ' rough :

is high, evaporation, thermal efficiency ofg::)tl:e material
Ntact drying

dlmbﬂ"kofﬂ

products by convection. Heat gaseous medi
through a mass of wet material and carries with
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|

Fig.6.3 Contact drying 1.Wet material, 2.Dry material, 3.Hot cylinder.

6.5.2.2 Convective drying :

In this method the sensible heat of heated air is transferred to the wet
um (usually air) is ventilated

it the water-vapor evaporated

from the material.

Fig.6.4 Convective drying
3.Wet material, 4.Dry ma

6.Drying chamber.

1.Ambient air, 2.Heater, terial, 5.Exit air

mes the exit air from dryer is recirculated.

To save energy, someti exit air '
Sometimes, the partially dried material is recirculated for further drying.
; s known as recirculatory dryer.

In such situation the system 1

6.5.2.3 Freeze drying : o ’
This method of drying is based on the sublimation of frozen mo.lslurc
from the wet product placed in a drying cham_bcr. The prESSLll:C in the
dryine chamber is 1oW. Heat is supplied by radiation or conduction from
e product is not raised above 0°C. The

ture of
heated trays and the tempera : . .
Su;limateg moisture is condensed on refrigerated plates in the drying
chamber but these plates do not come in contact with products.
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Fio. 5
1.Dry material:gz.ﬁl.lsp:(li'zegz:u‘igcrs 3’s.r:gematic diagram
ce, 3.Conde -
SDiffusion pump. 4.Vacuum pumps,

6.5.2.4 Radiation drying :

Heatenergy can be suppl;
The wave length by lettnvict products byel ) :
T el i et e e 76
The infra-red penetrate hls wave length is also called infi o e i :400
of molecules, which cht e e thaterial dn s r'ad]amn.
i eates thermal effoct. showwin: :r}; causes vibrations
enetration depth of

infra-red waves is relati
: elatively sm i
for-diying of iy materia}]?s. all, this method of drying is commonly used

and diffusion The moist ws
Uf\.l’a ou ure mi a . . i
drying. pour follows the same laws i tion inside the material
In convective or
contact

SR
MR S R T T AR T

Q

SRt v,

5

Fig.6.6 Radiati
1. Wi -~ 5 iation d
et malterial, 2.Radiator, 3.Exit aijr, 4.[)1')“::-“'at
¥ El’ia], 5.Air;
Al inlet,

\‘
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6.5.2.5. Super heated steam drying:

In this method of drying as shown in Fig. 6.7, first of all the dryer is
filled with hot air and normal convection drying takes place. The water
vapor evaporated during drying operation starts to circulate with hot-air.
Over pressure is released by a pressure control valve and the air is gradually
replaced by water vapor. At the end of drying, water vapor with a small

amount of air is circulated.
—2

1

Fig.6.7 Super heated steam dryer
1.Steam inlet, 2.Gas heater;, 3.Blowen, 4.Dryer, 5.Exit.

6.5.2.6. Osmotic drying : .
This method of drying can be successfully applied for dewatering of
cellular products such as Fruits, vegetables, meat etc. For the moisture
removal, osmo-active substances like 60% aqueous solution of sacc harose
or 25% aqueous solution of sodium chloride is used. The "ﬂiﬂérence iq
osmotic pressure on both sides of the cell wall having propertics of a semi
permeable membrane causes moisture removal from the products. The
of water and low

semi-permeable property of cell wall permits rr.ligratiqn _ \
molecular molecules 1© the osmo-active liquid having higher osmotic
pressure. Thus thinner cell sap causes increase in water activity of the

medium.
6.5.2.7 Fluidised bed drying: _ B
In this method- of drying, products aré being dried under fluidized
condition in 2 dryer. The materials are fluidized by drying air with
sion. Inthisdrying process,highcr

sufficiently high velocity to cause suspensio :
ince every surface of product 1s

isture migration takes place. S i
rates of mot > "+ uniform drying of products takes place. This

in contact with dry
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method is normally used for materials which have high initia] Moistyrg
content and are lighter and at the same time required to be drieq Quick]y
such as vegetable seeds,

6.4.2.8 Desiceated air drying :

In this method of drying the ambient air is passed
medium or source e.g. silj i

, the relative humidity of air is re
an increase in its temperature,
contact with wet grains, transfer of moisture fi

rom wet grains to drying ajr
takes place, The drying action occurs due to co

time there is

Fig.6.8 Schematic dia,

gram
L Ambient ajr,

2.Desiceateq
4.Grains in dryi
6.5 -Types of dryers :
Different types of dryers ¢cq
Dryers in which products
air is ventilated through t

2. Dryers in which products are kept Moving,

i . Th
products is by gravity or by some Mechanica] p, s hencment o
air is ventilated through them,

3. Dryer with free falling bed due 1o gravity anq the 4. .
through the falling film of products,

Dryers in which the produ

strong blowing heated air.

of desiceateq air drying

air, 3.Desiccated source,
ng chamber,

n be categorized g5
are ke
hem.

. Ptin a bin anq the heated or drying
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J fext boo

ibed as follows
dryer are descri
ifferent types of

ers : e | hundred

6.6.1 Deep bed: ry bin dryers are of large capacities {l)F Si\:;?r el
-1n- rular.
These batch-1 are round or rectalnij .
s. The most m“}mc_};l :;]ca;}ri;cnded. If the moisture cg}mentzﬂfg;z; :‘:
m/min. 1 in should be limited to 3 m, Fo
depth of grain shou " ecommended

is upto 18?/0’ the Izigm ilsj above 18%, the mamnunl'lddgéﬁlh;% PP
e mOlS[]:ll'e c‘c perforated area of the floor shou
is2,5 m. The ne

tonne
of2.94 10 3.92

@

T

ic diagram
g schel‘l‘:ag:_:y grgi“’ 5.Blower.

Fig.6.9 Deep bed gryf.:'g vy
1.Exit air, 2.Wet grain, 3.Dryi

ccept that
6.6.2 Flat bed dryers : dryer is similar to deep be? glrgjrsy?:g s less.
The flat bed batch typeer?; more and the depth oThcse are designed
the surface area of the dgl)’ 1 to 2 tonne capag?c; 1.2 m deep over the
These dryers are of '.Js: Grains are spread 0. f[his‘typc of dryer are
for farm level OPEm;I?ec-i. The main advantage o hances of spoilage
perforated floor and hl;s dried quickly and there are lessc
1. The wholebatc

due to moulding:

S
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2. Thereis less likelihood of over-drying of the grain,
3. Alower air pressure is required to force the drying air.

Fig.6.10 Flat bed dryer
LExit air, 2.Plenum chamber, 3.Blower.

1.6.3 Continuous flow dryers :

Fig.6.11 Continuous flow dryer
(mixing type)

per, 2.Exit air, 3.Plenum

4.Dry material outlet,

Fig.&l(::l Continugyg flow dryer
0 - mixing tyne

l)]e :r:;’edE ::1.: [:‘l;el:; 2.Ple:1)|:l|::| )I: hem-
. nd, orai

Screeneq gra?trl Eiioutiet,

L.Feed hop
chember,

L Colump,

i i I ! edmo!ogy 67
P ed CH!“VG“OH and Post Harvest 1
bagk qf mfl?Cf
A fext

i i ins flow from the top
columnar type in which wet grains
These drye;fhirzryers- The rate of flow of grains lhroug}'l c_olum ns can
to the bottO(l'iﬂ I::! conveyers. These dryers are of two types mixing and non
late ;
he-r?guas shown in Fig. 6.11 and 6.12. ) . h, the dryer is
e dryers : If the grains flow in a straight path, dr'y e
2 M;rl:ilga nl:a}; mixing type and when the grains are d"'e“f. hlend by
calle 5 S dryer. Drying is accomplis
it is called a mixing type dry X drvers
o & heated air across the falling layers of grains. '”_‘hijfmzard
e ¢ provided to cause the grains to mix during Ihf]r in- tonne
bafﬂes’l'i:esg dryers use low air flow rates of 50 t0 95 m /mmIOSEd by
ﬂoc‘lw i‘li h drying temperature of 65°C. .an-zag ccflumns ii—l;]ig B
aneeng on both sides are used primarily to achieve mn
scr
ing drying process. < 1ad it the
e ‘I:)i(n dryers : In these dryers baffles are not ]?ravr::::;?z '
® N(;n_m?angﬁ drying takes place between two Pafﬂlzl‘f tzczw B e
S t. In these dryers high air flow rates of 125 i
o e I:;e used. It permits the continuous: mwen?e?,on-mixing
Fﬁn:;;r?;s Drying air temperature of 54°C is used in
i q
dryers.

6.5.4 Recirculating dryers :

N

N

"\ ] /

=

5
matic diagram
& sfflil:midriul material, 5.Conveyor

Fig.6.13 Recirclilal::lry d?r:ial -
1.Elevator, 2. Tempering bins, 3.Wet materidl,
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In continuous flow dryers, a multipass procedure is used t
excessive drying stress. During each pass, the grains are exposed to (p,
heated air for a short time of 15 to 30 min. and about 1 to 39, of the
moisture content is removed in such dryers, drying air temperature of g
to 80°C is used. Drying is faster and effective because of the continuoyg
movement of grains during the short drying times. Between drying passes,
the grain is stored in a tempering bin for 4 to 24 hours to allow the moisture
content at the centre and the surface of the grain to equalise.

6.6.5 Lousiana State University (LSU) dryer :

O avojg

The design of this continuous dryer was developed at the Lousiana
State University in the mid 1950, hence called the LSU dryer. This design
was developed specifically for rice, to ensure gentle treatment, good grain
mixing and good air-to-grain contact. 1t is a mixing type continuous flow
dryer, in which layers of inverted V-shaped channels are installed. The
layers alternate between hot air intake and exhaust ajr outlets and are

staggered to provide mixing. The LSU dryeris not high capacity and being
used in big commercial rice mills.

©

.

e e e ey

b

>
o

Fig.6.14 LSU dryer

(A) 1.Garner, 2.Duct, 3.Dry material outlet, 4. Hopper,
6.Door, 7.Roof. )

(B) Cross - section of drying chamber; 1. Air exhaust, 2.Air intake,

S.Cantinuous flow,

_—-—_ﬁh
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mbookﬂf

idi ers :

o Fl‘“d'_ze.d l?:ﬂjb:cll-y drying technique holds an important position

b ﬂmdlzfi in methodbs. It is used mainly for granular materials
gk modefn_ ryal'usg applicable in the drying of soiut-ious, pastes zfnd
peetiele™ i to the fluidized inert bed. The principle of ?peratL(?n
liqui_ds 'sprayed Zﬂ er is to provide sufficient air pressure (o fluidize a t in
Ofﬂ'ﬁd]ze(‘j o dryct jving excellent air/grain contacft. Above a certa:z
bl o i tl’*lf weight per unit area of the grain bed, the pl’C:S.tl‘.; e
R l'ﬁ‘rlatEdthd becomes constant with volume flow rate, so tha
dl_'O? accr(a}:solclzlr eThe main advantages of this type of: dryer arc,rﬁan.nanCE
fll.’rnfluidh},' of bed facilities continuous and easy equipment pe
3 even on very large scale plants.

ii. Lack of moving parts.
jii. Very good condition for mass-& he'
iv. Provides good mixing i.€. uniformi

bed.

TR tu .
By combining high air tempera  handling
% ﬂyig?ze: 1‘l?t:(i.g(:ﬂffv.i"s better economy, gentle grain han
u

drying times.

. i based on Ve qributor. When the air
e drying methoc ort grid or the gas it o ?;lclocity, the bed
i e thf;SUPtﬁm the critical fluidization
: er

iog liquid. This
i i boiling liquid-
ity becomes hiig until it reaches a state that of
i ¢pands
progressively exp e
phenomenon is called fluidizatl

6.6.7. Rotary Dryers :

s the
In commercial rotary dryes O Itis operated at

and the length is,ﬁom- The grain ﬂ(‘:'ws d{-‘? \TITI\’: zltht:n
drum rotates 0"_115.21){':!5' lifted bY inclined 1}:;al I;ractice the main method
drum and is periodic? y owever, i commere whereas, in the small scale
good air /grain Coma?l-e heating by doyne ﬁlrwalls of the drum. In smali
of drying is con¥® tiv ;on through the tact with the fue

ti : i
- conduc by direct ¢
designs heating > 7 " \ais are heated by
scale rotary

5, 1 ass fuel-

S10T, preferab'ly bmt'n o ous type fOtaTY g
gases of 2 il - cultural University & con

. adu AgD

In Tamil N&

at transfer. o
ty at drying of the material in the

: ing, the
i rain tempering.
res and suitable g and reduced

i ed
ntilating hot air through the b

: l1to3 m
; um is between
diameter of dr slight inclination. The

rd through the roml'{ﬂg
dropp‘fdu ensuring

ryer has
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been developed. The grai i
; grains are dried by di .
T ; ; y direct contact
?; dryer is used for drying of parboiled paddy as well with heateq sand
of Bengalgram and other grains. as for dry roastiné
:-_ MOVEMENT OF SAND
svsée'gﬂ_] SCREEN <= MOVEMENT OF GRAIN FEED Hopeep
) 7 spmm.7 SAND 3co0P—,
A e
AW

]

LFIREWQ
aunmu%':'
CHAMBER

.; e S 11
.15 Conti - N
. ntinuous flow heated sand medj

-6.8 Spouted bed dryers : ——

he Spo

drying but it j
: is less devel
of air is spouted oped. Instead .
. upw Qfﬂu H o
entrained in the i P ards thmugh a sectj ]dIZlng lhe Whole bed a jet
¢ Jet and falling oy lon of the bed, the grai ’b _-’
s rain beng

annular region of graj t of th

2 | of grain surr . € spout j .

continually being heated andO::;:éng the spout, Tht:r:yi inUntam anitg the
g ole bed of grain is

uniform in tre Th
atment. e us the -
operation. The grain is automatiE::;: €SS 1S energy efficient and
Y te

Mpered during drying

Fig.

6.6-9 Tray dl_yers :

Inatray d
d ryer, man

a giflp in between in the c}l, SI:'Elllc)w trays are kept

drying of vegetables and rying chamber. Tray g one above the other wi
not have perforated b similar semi-perishab "I is genera]| gt
chamber is at th ottom. Perforated trays g | ' U2 s Tor
e bottom of drying chambefs :Ia.re used Wh};[r;}-lay or may
- Ifthe py e plenu
e m

at Lo 1
ed an is Coming

\
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from the sides of drying chamber, .
The gap i petween the group of trays permits

kept in thin layers in the trays.

Post Harvest Technology

the trays may

71

not have perforated bottom.
air ventilation. Products are

Fig.6.16 Diagram ofat
1.Exit, 2.Blower, 3.Heater, 4.Inter spac

1.Blowen, 2.Heaten, 3. Trays,

6.6.10 Tunnel dryer:

It is similar to tray dryer.
ryer but W

When the group
hen the grou

system is called a tray d
tunnel, the system becomes a tunnel dryer.

ray dryer

¢ between trays, 5.Trays,

6.Plenum chamber

i tic diagram of tunnel dryer
Fig 617 B ente i : 4.Exit air chimney

of trays is stationary, the
p of trays is moving in a
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The flow of iri
heated air in a tunnel dryer may be co
NCurrent
or coy
mE;

current,

EXERCISES

Q.1. Explain the drying process.

Q.2. What are the advantages of drying?

Q.3. Enlist and describe different methods of dryi
ing.

Q. - h t}' I ,I
ne

Q.5. With the h .
dryer. clp of neat diagr

aln, [+, i i v ]ls‘
“}'

® o @
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STORAGE STRUCTURES

There has beena spectacular increase in food grain production in India.
The annual production was 232 million tones in 2009-10. However, there
has only been a marginal increase in the capacity of structures for grain
storage. This has resulted in losses both in a quality and quantity of the
harvested grain. The qualitative loss may be due to chemical changes in
the protein, carbohydrates and fat and by the contamination of micotoxins,
pesticides residues, insect, fragments, excreta of rodents and birds and
their bodies. It is reported that on an average a loss of 9.33% per annum
occurs in India. It is estimated that about 60% of the total grain produced
is retained by the farmers for their food and seeds. The remaining 40%
quantity is considered as marketable surplus. The total storage capacity
available with various agencies of the Government is of the order of about
15 per cent.

7.1. Existing storage methods :
The existing storage methods are as follows:
i. Storing in bags in a house (Farmers level).
ii. Storing in bags on platform and covering t
storage)
iii. Storing in bags either in godown

Stores) _
iv. Storing in indigenous storage structures and traditional devices such

as baskets, theka, earthen pots etc. (Farmers level).

7.2. Requirement of good storage structures :
A good storage structure should satisfy the following requirements:

i It should provide adequate protection from rodents, birds, insects,

mites etc.

hem by polyethylene (CAP

5 or in Bukhari (Wheat Bhusa

I
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ii. It should permit aeration and fumigation when required.
iii. Itshould prevent losses due to moisture and temperature ete.
iv. Itshould permit easy inspection.
v. Itshould facilitate proper cleaning and should be self cleaning i ;
silo,

vi. Itshould be economical on unit storage, cost basis.
7.3, Different storage structures :

Grain is generally stored either in bags or in bulk. A combined sysiep,
of bag-cum-bulk storage is also practiced in some parts of the country, I
villages the bulk storage system is more common than the storage in bags,
The side of a bag used for grain storage is large enough to contain about 33

kg. of grain. These bags are made of jute fibers and are commonly known
as gunny bags,

The bulk storage of grain is generally done in one of the following
storage structures in the different regions of India. Each type of grain is
stored in a separate structure
Bukhari
Kothar
Morai

Bag storage structure
Cylindrical Grain bins - 1) Metal bin

Rectangular grain bins - i) Pusa bins
Bunker storage

CAP storage structure
3.1 Bukhari :

Bukhari is cylindrical in sha i
pe and is m
In order to avoid the cylinder ot

s
Is always placed on a wooden

1.
2.
3

4.
s.
6

7
8
7.

\/
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Reinlorcing
member of wall

Rammed mud
filling

vy -
.......
'
-
------

OF
RAMEWORKS

A AND OUTERF s
‘EI;TKEBOOS AND BAMBQO SPILT

Mud plaster

Reinforcing member
of wall

Joist

Rat proofing
cone

G.L

XX
ECTION AT - .
; rain Structurc-vcmcal section

thick of mud

. urface, a layer about i ity strong

In order to provide a Sﬁ:':rt Smade of two sets of i:f:?:zls gf o

plaster s applied. The AL ) o space berween the WO S0 L o ces

galtboo frame work. Thz mud. The walls are ﬁmsgeo frame work and

otk s flled with T ical roof is made of k?am c;terial- On the top

with mud plaster. The coﬂr similar other thatc.hmg Tied 2 an additional
covered with paddy Fia:: g cm of mud plaster is app

of it, a thick layer ©

protection from rains.

i about 1.5
The entire structure 15 placed

¢
i For the purpose O
na pl“ﬂl’ﬁ. ! e

d is supported by four timber or "‘:1:2 D;n-mgg are provided. The o
and is oy

loading and unioading the structu

Fig. 7.1: Bukhari G

m above the ground level
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for loading (filling) tl in i i !
by o g g) the grain Is provided at 15 cm fro
iszlloo:;d tI:E other one at floor level, is for emptying it. W
, these openings are sealed with v g
vooden planks a e
nd muq
p

Hollow rat proofin
g cones are placed o i |
are not able to climb up. P el the four pillars so thae lh:mr.
ratg

Bukhari
arl type structures are generally used for the stor.
a,

gram, padd i :
paddy, maize and sorghum. Their capacity varies fromg;bﬂf wheg|
out 3.5,

7.3.2. Kothar :

ture

Corrugated galvanized
steel

Timber
"Doﬂng

v,

T

'__-—_—".‘.'_—_-:—t-.:.__'co_-_\\ e,
Th e A T T Tee 1]

Rat proofing
cone

Fi
18 7.2 Kothar graip Structure

Courtesy- . -verti -
tesy: Indian Standgy jnm:‘al section
ution

platform which is are very much like 3 ¢
generally sup € a timber
ported by pillars, g occd On a raised
rs al1se

1 . B
$ Whereas the thatcheg zlt'htitlh?j floor and walls
i €d roof is placed

impro
Ved type of storage
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fext book
em thick wooden planks and wooden beams.
de that no gap exists between the planks. The

sbled roof on the top may cither be made of planks or corrugated metal
heets. It should have sufficient over hang on all sides. However, 22 gauge
s -

corrugated metal sheet is preferred to planks. Under all conditions the
ould be leak-proof as well as free from the danger of moisture

structure sh
rising from the ground surface.

Kothar type of storage structures are us
maize, sorghum, wheat and barely. Their capa
tonnes. They are commonly builtin the rural area
Himachal Pradesh, Uttar Pradesh and Uttaranchal.

7.3.3. Morai :

ructure is mainly made of 5
The walls and floor are so ma

ed for the storage of paddy,
city ranges from 9 to 35
s of Jammu and Kashmir,

Mud plaster 1.35 cm thick

Galvanized o
steel ]

cylinder B ———— e -
Bamboo splits

Timber

Rat proofing

vertical section

ge structure-
dards Institution

Fig. 7.3 Morai grain stora
Courtesy: Indian Stan
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The improved type of structure consists of a circular Wooden
floor supported on pillars by means of timber joints, The
together with lap joints. All around the wooden floora 22
metal cylinder of 90 cm height is nailed to it. The edge
flushed with the bottom end of the floor. Inside the cylinde
ropes made of paddy straw or similar material is place
the floor level up to a height of 90 cm. Then bambo
vertically along the inner surface without leaving any
The height of the bamboo splits is equal to the total hej
To provide a smooth surface, about 1 cm thick laye
applied over the rope.

Plank
planks are joingg

8auge corrygyre
of the Cylinder j5
r,7.5cm diame:er
d, beginning from
o splits are placed
gap between thep
ght of the structyre.
r of mud plaster s

The Morai type of structure is used for the storage of paddy,
and sorghum in the rural areas of eastern and south
capacity varies from 3.5 to 18 tonn
the shape of an inverted cone,

maize
ern regions of India. It
¢s. These structures are very similar to

7.3.4. Bag storage structure :

In constructing the structure special care is taken to make the sides,
floor and roof moisture proof. Each of

the structures is provided with
two large size doors of 2.4 m x 2.4 and top ventilators. Each door is
provided with a light over-hanging hood 3.6 m long and 2.4 m wide. A
ground ventilator having an opening of 30 ¢ x 30 em is provided below

ea(_:h corresponding top ventilators. The top of the ventilator is kept at a
height of 60 cm above the floor level,

lr} orc!er 1o ensure that the floor s damp-proof, it js made of different
!-nat'enals In six layers. The walls are made of bricks or stores laid either
in Il‘m_e mortar (1:2) or cement mortar (1:6). The thickness is restricted to

roof is made of brick ballast, surkhj a

nd lime in
respectively,

These structures are generall Y used for the storg

: £¢ 0f 25 to 500 tonnes

of grain. The length of the structure is ab i .
lha%. gt IS about twice the widg, or greater than
__-_--_--__'-——.____

79
i hnology
.. nd Post Harvest Tec
Cultivation an
rotected

Am’b‘”’“fp

= ey |

memaa

i2.2m .

] - —— - ————— -

ge structure

ra <
Fig 7.4 Bag sto dards Institution

Courtesy: Indian Stan

i d
i of reinforce
ion is made
e fspout should be abf)u(t’
re rests on suppf)rur'l:
e for filling In
aman

7.3.5. Cylindrical Grain Bif‘l :l
The complete structure 12:0
concrete. The minimum heig

I.
1.2 m above the gro:t:‘i Lc;;ings o
columns. There are

uding its foun
f the bottom ed gc:';:l)J
i truc
e entire S
Th ovided in the structur

hto let
i e large enoug! s
ut. The top hole 18 matflle{ - Comparmwely smalle
’ eou

i ingito pho=
the grain and taking wphos
El':ifrr for cleaning purposes. Th
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It is placed at i h
a pomnt where the sl !
e e 4 € slope from all sides
: ; of
[ oof on top 1s provided with enough slopes ont El:l L
all the side >
Sand j

overhangs to th
e extent of ab
storage structure, out 30 cm. The structure is simil
lar as p
ulk

floor Conve

Water-tight iron lid

A LD T S A WL

Ay
i Arktat

RCC raft type foundation -
Fig 7.5 Bulk
] stora
- ; ! ge structu
o - urtesy: Indian Standards fnsritre'
N r.)endmg upon the size, t| e
hese bins are used both as ind
1)  Metal bins: Metal bins a

1€ capacity m
ay vary fy,
oor om ]
or outdoor storage stmmi)I to 40 tonnes.
re.

where mechani :
cal handling i :
preferred for transi g is considered essenti
solvent extract?iﬁsu] storage at dockyards, ri::fanl{' | ctallic ilos are
aluminium sheets rp}:nls, These bins are made ogl-s’ dal mills and
- 1hese are mostly cylindrical in shlromSteel’ tin or
ape ha\.l'in -

g their

—

-
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m covered with circular metal sheets. Arrangement for
om the top and emptying from the lower side through an
monly accepted and convenient systems. It is desirable
bins airtight by using rubber gaskets or water proofing
d. ‘PARATH’ an insecticide of negative origin is used
door metal bins.

top and botto

dlling grain fr
outlet are com
to keep these

paper at the li
to control weevils inin

13.6. Rectangular grain bin :
The size of the bin is determined

yield of the crop from the total area un
walls are made 10 cm thick laid in cemen
walls are kept 2.4 m high near the outer wall dropping down (0 1.6 m in
front. The front wall is provided with a rectangular hole on the floor level
for taking out the grain. The hole can be closed or partially opened from

den plank of size 60 cm x

the inside of the bin by a wooden board. A woo
45 ¢m is large enough to close a hole of 45 cm x 40 cm side.
24m

on the basis of expected average

der the particular crop. The bin
t mortar of 1:3 ratios. The bin

E |
-

FRONT VIEW
g. 7.6 Rectangula

is made low SO t
he capacity requl

_Fi
: the bin wall :
The helght Of direcﬂy into the bin. T

head load of 3’:::;mple wheat requires b

with crop- For
OEV//

hat workmen may drop the
red will vary

arely 1.75 cu.m. yolume per tone
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i) PusaBin: The Pusabinis asimple moisture free binm
bricks having grain holding capacities from 0.5 to 4.
recommended as an indoor structure for smaj| farm
desirous of storing food grain from one season to th
constructing the bin, polyethylene film is placed be
layers of mud bricks or mud walls such that mojs
could be stopped. The film being embedded inside th
protected from abrasion and mechanical damages,
bins range from 1:1:2 tol:1
the availability of Space and quantity of grain to
bins were popularized around Delhj with good suc
7.3.7. Bunker storage :

This is used for long term storage
Proved successfy

Controlling the
to 0.5%

ade(}f‘"ﬂbuml
0 tonnes, It
€rs or fam{]it’.s

€ next. While
tween the y,

e wall, Temaing
The length, Width
:1 depending upon

cess.
of a larger volume of grains. It has

l as a means of storing grain safely and economically,
insects and moisture level, the losses can be reduced up

Fig.7.7: Schematic di
burying cover 2. Plas

7.3.8. CAP storage structures;

The word ‘Cap is used for cover a
and cover from the top, This
transit storage ang is ch
godowns. The cover is

po]yelhyle’ne ﬁl.m of 1000 gauge, leaving the bottom side open. Normally
the staclf is I:fm]t OVer a space of 9,17 m X 6.1 m with 5 height of 18
bags which gives the Storage Capacity of aroun
having a dimension of 9,

agram of bunker storage

L. Trench for tic ground sheet 3, Top cover 4. Drain.

nd plinth, plinth from the bottom
type of open storage is considered as
eaper as Compared to conventional bag storage
rectangular in shape having four sides made from

83
IE i

c 11
Mwbm“f‘omm Such covers are called “Varandah

e
der verandah covers, the stacks ar
. acity of 24 tonnes.

jonal godowns.
conventiona .
T ;fgmrage of food granj; uan ki
e height up t0 7 bags having
puilt to @ e

e followed:
gelecta high e

ers are S
ooden sleep ‘
::Nnver on the top as dunnage

The gutters are provided all aroun
e

ily. . .
;a; )s’tacking is done to the height up

e
covered with polyethy ienf,?.
v, The stacks are COVE‘.l't?d ws;l; \Ei
: to prevent from blowing 0

e required

i 1.
levated ground and make it leve

wb am
. read with one or two layers of b
P

boo mat
i,

| i i ter
IL d the area to drain off rain wa
iii‘ 8 bags on the dunnage and

: ; -
lyethylene covers and tied with Top

O - -

tlfhigh velocity wind.

EXERCISES
i thods?
Q.1. What are different existing storage me
Q2. What are the requirements of
. S.
Q3. Enlist different storage structure

ith neat sketch.
Q4. Explain bag storage structure with nt

J}
good storage structures:

® 9P



A text book of Protected Cultivation and Post Harvest Techno!ogy

The few important definitions in this regard are as follows:

i) Cleaning : Cleaning in agricultural processing
removal of foreign and undesirable matters fr
products. This may be accom
picking etc.

generally e

plished by washing,

ang the
8raipg/
SCreening, gy
ii) Grading : Grading refers to the classificati

into various quality fractions depending upon

on of cleaned produgy
values and other usage.

the various Commercjy|
iii) Sorting : Sorting refers to the separation of cleaned product inyg
various quality fractions that may be defined on the basis of size,
shape, density, texture and colour.
Scalping : Scalping refers to the removal of few
initial process.
V) Sereening : Screening is a method of separating grain/seed into the
Wo or more fractior

1s according to size alone. For cleaning and
separation of seeds, t

he most widely used device is screen.
8.2.1. Aiir screen cleaners :

iv)

large particles in an

1) Vibl’&i()l’y screen

i) Rotary screen

8.2.1.1, Vibratory air-screen cleaner ;

Sm;l;e S';Le;nlng unit is comploscd of double or multiple (up to 8 number)
. € screens are tighteneg together

. and ers

in 51.1(:11 @ manner that these haye horizontal oscillatj e

vertical motion. The two motions j i -

of the grain, Tpo . cr 1S adjustable to
ain. e s¢ o

I various shapes like round, rangular or sjotteq hm;ﬂ'ens are available

holes of the screen are clogged when fine degree S. Sometimes the

Ltextbo

(e machine- 10

I 'anon ﬂnd P(ls‘t Han?eg! h) l

§ ] ] k

jyush which m°"n
B er:
fovgh the ir-screen clean _ 7
) Asimple vibratory type 4 in Fig. 8.1. Itisatwo screen machine fitte
hown 4 Dalka

withale;Ler baffle plates to the upper screen.
hopper _
c
= b);zifl‘;: ctc. are screened off by upper s
:;-.Irﬁg% anoutlet. The grain falls throe
and and the dust particles are screen :
:hrough discharge funnel. While pass
in cleaned by upward drait + e
:hgif:r;l;rocess the remaining lllght 1mpunct)1\::esd -
away and the light impurities are rem

dust bags are attache

This cleaner 15 S S

- s from the feed-
. i ials. The grain passe€
lighter materia
ator to such the

Light particles are sucked
impurities such as stores,l
reen and dischargetli 01:1e
h on to the lower scree, where t
e The grains leave the m‘achme
(:1; f‘it';;rr.mugh the funnel the grains arc

: tor. During
it cending separd )
d draft of aif 1 12 E:lsshriveled grains are sucked

cyclone separator to which

i se
tor during the operation. Coar

i ities.
d for the collection of the impurl

5 8 ; cleaner
screen
. :a ram of 2 vihratﬂg Truppcr screen,
Fig.8.1 Schematic Efme plate 3'B'°‘;5c’cndeing separator,
1.Feed huPP:"-n i-cl 6.Sand sﬁtcl}c';';ne 10.Dust bag.
o o a ] tri B

S.Discharge €4/ funnel, 9-Cen

§.Discharge

d air screen

a

gra'm cleaner :

. i d
her using han
er operate d manually et
b) A pedal cum p;:deanel’s can be Dp;r:it:anel's is lower than the power
These types f suc

ity ©
or pedal system- The capacity
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8
operated machines. The machine is made
of a grain hopper, with feeding mechanism,
blower unit, driving and eccentric unit. The
manually or by electric motor.

up of mild stee
sieve box on |y
cleaner can pe o

] an-d cOns-[Sls
anging SI\GES,
Perateq Cither

A

-

!
——J

2 mechanism, 4 Sjeve b
ve boy, 1.Eccentric
10.E

-Electric motor.
8.2.1.2. Rotary screen cleane

Fig.8.2 Pedal cum

L.Main frame

i fr. ,2.Hoppcr,3.Fcedin
grading sieye

8, 6.Shoe for sjp ox, 5.Scalping and

unit, 8.Blower, 9.Cycle scat,
r:

The rotary screen ]
s €aner hag . . )
15 clreular in horizontal normally circular decks, Their motion

1 .
- S Plane. These haye either single or double drum.
€quipped with an ele.'cn;;stS o Tty SCreen, aspirator and hopper and
i - : 8ives driy i
::e aspirator. The mixtyre 1s fed into the hoppe: t% the rotary screen an
roug,h the Screen perforation jnte the centre op h he sound grains pass
oversized materia] ig retained aboye and p the screep drum, whereas

sound grains come out at the centre side af‘thS e tthgh an outlet. The
speed and fal] onto th e

. © vibratory screen yhiep, oo drum rotating at low
T_he light particles like straw and dust are suckchd"e € the dirt particles.
discharged through th SQawg

€ aspirator outlet, T Y the aspirator and
through the discharge chute, he cleaneq graj
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P
‘1 ‘ and other
: creen cleaner has two rotary screens < other
mmr}'{ X the case of single drum rotary screen
in i )
asn opposite direction 10 each other.

60

A double druim
nts are same

ne -
compo s rotate i

The tWO screen:

@-

—Y

leaner
3 ; tary screen €
ﬁig 8.3 Diagram of 2 single drum r:at;e: 4.Discharge chute,

screen, 3.Aspirato! Screei
1-Feed hopper, ZROETY T0 er outlet, 6.Vibratory
5.0ver siz

8.3. SEPARATORS : _
Itis very difficult to clearly dll
grading and separation because a
g oo prOCEdur: . ing, gradin
eration of cleaning, . i
parf:rl:;egpby exploiting the dli:t;l‘z::d itk
materials. These products may

. d separation S

ing, grading an s GEDE

:‘1’31"10\18 WPES d{;z ;f::;:i the basis of properties P
esigned an

WS.
These properties are as follo
i) Size
ii) Shape
iii) Specific
iv) Surface roughness

ess of cleaning,

. the proc
fferentiate among p ultaneously

1 of these are carried out s

ion of the products are
B 531:"?";";23:3 properties of the
nbf‘crr food or seed purposes.
quipment have been
oduct to be handled.

; ight
ty or welg
gra\"'l

A rcdynamic properties
v) e
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vi) Ferro-magnetic properties
vii) Colour

viii) Electrical Properties

8.3.1. Separation based upon sijze :
This separation can

a) Spiral separator ;

The spiral Separator separateg the grain
s per their roughness,

€ main component 1
of the Separator is a stap;

be performed by using fol]owing Cquipmeny,

in the outer heliy.

ﬁexibilily.
Separation of m

0
Upward Movement of air,

%
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of protected Cu

book erforated deck.
Jiext he device is a triang.ular-sh:~,\;:i;t‘.:;ln_r:1 et on of
The main part of;) tf;ed underneath to ensurthf;ir rising through the
he deck s properly rae or terminal veiocn)‘!j of tnge
= ressu ey s i era
4ir over 1t. ggﬁfble very closely withina w
dmk is con

—

. paratol‘
ific gravity se
Fig.8.5 Spec

The air is blownll]l;
B i i bf};i 'ain by a fan at suc

e s gralins;sr;i oy ;?iai: with the deck snrfg;;
jirouh the porous d?c artially lifted from c:of oo atified mz:riss. s
rate that the matemi\l llS gre o th‘e lg_%e e st massjﬂ:;;ck =
e Tat:‘?rfol g ey aslcr;liating motion of the
= e pati ance due t0 0
the direction of convey

the deck.
discharged at the right edge of

i ence 10 §
Separation based on differ
8.3.3. Sep

al
i . . d when a
i matc““lltl ique of separation is us¢

This techn

l.l pe and sur ‘[.lct’.‘ fCatulc Of
a

| other methods fail.
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a) Inclined draper :

The mixture to be separated is fed over the centre of an inclined gy, o
belt moving in upward direction. The round and smooth grain rol op slide
down the draper at faster rate than the upward motion of the belt and theg,
are discharged in a hopper. The flat shape or rough surfaceq Particle
are carried to the top of the inclined draper and dropped off into anothg,
hopper.

The belts of different degrees of roughness may be used as a draper
for separate materials. If rolling tendencies of the grain are predominant,
the rough canvas belt may be used. The smooth, plastic belt may be used
in case sliding action is desired for the lower fraction. Feed rate, speed of

draper and angle of inclination are other important variables for effective
separation of dissimilar materials.

e el

Bruigrayy) e

'

Fig.8.6 Inclined draper
L.Feed hopper, 2.Round seed, 3.Canvas dral;)er,

4.Flat seed/impurities.
The feed rate is ke

_ Pt low enough to give
for separation,

The speed of the dra i i i

LT PET may be varied to simulate with
the l«?n_gth of incline. _ The angle of inclination ig adjusted to assure rolling
or sliding of the desired lower fraction, Tq increase the ca acity of the
separator number of belts may be used ope above anothe:l'j in a single

OPportunity to each grain

8.3.4. Scparation based on the basj
properties of the grain

a) Magnetic separator :

As the grains do not contain any free irop therefore th ot
ey are n
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red Cullivation and Post Harvest Technology
i of Prolecle
=" ixi ely ground
agnet. A selective pretreatment of mm!ngf:dnmyagscrew
e l;y ﬂ:z Eeﬁ mass is given. The grain n:itxtl_lrf:; slsthe e
i s : : bles and mix
12 G mixing device that tur : i r adheres 10
conveyor of othe;um of water. Due to moisture, iron PO{‘j"'"ieS T
pmlmrtmm}{cje;;lmbmken and sticky seed coats. MOIStEZﬁ sﬁﬁ‘aced orains.
roug, crackets iron powder adheres to smo ' o
ains 50 1O 170N P izontal revolving magne
on smooth gr . to the top of a horizo |
o mixture is fed onto ( ¢ owder fall along the
The grain Mix| ! latively free of p
that-ae i° ttracted by
the smooth grains X ‘th iron powder are a
jrrﬂﬁ’simp‘.y by gravity. The n}aterlals w;moved by rotary brush or -
the magnetic drum and stick to 1t and are r

in the magnetic field.

": - CI::‘II'I
::;::eg“:nd‘ -}:f- /\ seed
Fig.8.7 Magnetic charant](;:ing
: r mixing,

1.Feed hopper, 2. Water spray, 3.Iron powde

2 etic
revolving magn
netic separators have two o mrcl;S passed over these
e I'nag'“ a series. The grain mmumration The extent of
s opzratmg tlo increase the efficiency Qf zpe C unt of iron powder
m&gneilc rums fwalEF mixed, ar = Gf
: 2 s, amount of wate i ect the degt

oo 3000 cg;to:\rder-water mixing operation afft

o
and thoroughness

i ic separators.
successful separation by magnetic sep

4.Magnetic drum

. ion : duction of
5.4 Beed sjze. red““:::l trade name which is normally means re
Milling is a gen

g p ’ p C1s tc.

f d to var us end o 1 ﬂDL“ P] tt

Q0 rain in O vario duCtS llkc meal, ; spit ed |(]d]l 1se
dES Clea.rlll'lg gl‘adi!‘lg, Sepa] EltiO]I, mIXI lg, pearhng, le] g,

Ml]hng il‘lclu 3 51"]1

e
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dehusking, size reducti 9
) on etc. The meanin J
. ; Lok g of th :
the crop. For example milling of wheat refers t(: tzrm.ml{

grindj

“ﬂg .
. varj 3
produce flour, whereas in rice industry millin €S Wity

ngo erati
g refers to OVel‘allz ation 1

inarice mill 1.e. cleaning, d .
grading of milled rice. gl"\/[i?]li.l?k;?g’ paddy Separation, bran re Perationg
separation of fiber etc g also refers to extraction orju?lo‘/al and
' €, oil or

8.4.1 Principles of size reduction

Crusher and grinders are

of agricultural products. An
conditions:

thc Cqu1pl’l }‘ on

L Large capacity
il.  Should yi i
e yield a predesired sized product or range of si
power input requirem b
ent per uni
Easy and trouble free operation e produethandied
resp:i:]:al ly tl'ée performance of
0 an ideal operation
' a
€quipment are compared with i:hS

iii.
iv.

T 3
tan}:j ;’:I:i"l;g €quipment is compared with
; ! .he characteristics of the actual
Size e se of the ideal unit

reduction procedures : '

The size of agri
. agricultural
mainly the followj products may be r
lowing four methods are u:/ed ini?::isdb}’tslevera] ways but
uction machines.

impact a sudden b]
. ow of fi 2 .
g. cracking of nut, de-hus orce 1s applied on a material so

mer mill also size red _kln-g of paddy with centrifugal de-
uction is done with the help of impact

L. Impact: In

that it cracks e,
husker. In ham
force,

2. Cutting:
2: General dev;
sharp and thi evice used for cutting |
n ed ; cutting i : .
reduction in this (:i:eoget;E knife the productgsi;ek::jz' t‘.Mﬂ], [ge helg of
ction is done. Size

size : ends upo :
reduction of vegetables andpﬁ-r;;ttze required nature of end product e.¢

3. Co’mpression: Materj

ot book of protected Cultivation and Post Harvest Technology 95
Al

n of cutting and crushing. In the size
ed to do the needful shearing action.
whereas the dull

ingisa combinatio

eduction machine knife and a baris us
edge is thin so that material is cut down into pieces,

edge do the crushing of the material.

342. Equipments :
The equipments for s

i) Crushers

ii) Grinders

iii) Fine grinders

iv) Cutting machines

Some of the equipments are describe

i ghearing* Shear

ize reduction are grouped as follows.

d in the following paragraphs.

§.4.2.1. Jaw crusher :

These types of reducing m
itbreaks. Crushers are mostly us
into small lumps. Crushers are used in industr
Use of crushers in agricultural operations is limited.

Lime and other stores are first reduced by the jaw. Ina J;(Z“:\lemher

feed is admitted between the jaws, which are open at the top i
Eccentric

press the material until
f solid materials
5 like mines €1C.

achines squeeze OT
ed to break large pieces 0
ial operation:

Swinging jaw

/) _’_,...

S

—

I‘?
L/ 77 LY
ot L

¢/

Hardened
jaw faces

2
T
2,

¥,
£ 7

fa)|

4.,;\
g
\

while the other is the
d makes an

and somewh

One of the jaws is fixed i

inging } is j i tes ina
swinging jaw- This jaw reciprocd

angle of 20 t0 30° with the fixed jaw- The mo

; e solid which
entric unit so as to impart great compressive force. Th

€CC
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has to be broken is caught between the two jaws. - Large lumps of solig
materials are caught between the upper parts of the jaws and sx.1bseq..,mmy
broken and dropped into the narrower space below. The broken Pleces gre
further reduced next time when jaws come closer. The number Of Strokes
given to the movable jaw by eccentric unit ranges between 25( to 40(
times per minute.

8.4.2.2. Hammer mill :

Hammer mills are used for various types of size reduction jobs. Thege
mills contain a high-speed rotor, rotating inside a cylindrical casing. The
shaft is usually kept horizontal. Materials are fed into the mill from
the top of the casing and is broken by the rotating hammers and fall oyt
through a screen at the bottom. The material or feed is broken by fixed or
swinging hammers which are pinned to a rotor. The hammers are rotated

between 1500 to 4000 rpm, strike and grind the material until it becomes
small enough to pass through the bottom screen.

Fineness of grinding is
controlled by the screen size.

Feed hypper

i
N
\\

Rie

Screen discharge Product outlet

Fig.8.9 Hammer mill

_ H_armlr:ers are either rigidly fixed to the shaft or swinging. In case of
Swinging hammer mill there ig less chances of da i E
. mage of hammer if som

unbreakable solid material .

energy consumption. Ham

erg; mer mills are used for
grinding. Tt was also foun:

d suitable for

poultry feed grinding, spice
and also for potato, tapioca, b

grinding of wet sorghum and millets
anana and similar flour making,

Jn
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s _ e
3423 Ball mlll:_ cylindrical or conical shell slowly rotating
s ilis a

“The ball m1

: id erinding balls. The
; i d with solid grinding ]
: ts volume 18 ﬁlle. 2. posiali
zont & & H?llf gg ;teel lined with hi gI} carbonbsteejlh gll‘c; atei;ials il
sliéll is usually 1;3:1 e-nedium < fine reduction 0 { abras
k. Fort
or silica roc

e . impact of the
ball mill size reduction 15 achrev;?‘ebial“sire il
il 3 osec- md?o from near the top of the shel_L the balls drop on the
e l-lljcll nearly to the top. By graviy balls is utilized for
up the side of:;e';h energy consumed in lifting the
e
feed underneatn.

grinding job-

i 11 mill
Fig.8.10 Ba .
balls are carried by the mill w

i : d drop to
When the ball mill is rotated, the d by gravitational pull and drop

i fact
are release ) the ball 1n con
gt 10 the 1P, 'W:erde;tg-l:?n Centrifugal force keeps
the bottom and picke iy

: t of balls. In
inding is done by the lmpacased. Thisis
With the mill wall. Mot ?fsﬂsjgcg;lto rmill wall and a.rclngfl:l:le:iefuging occurs
case of two high Sp‘cfed bflfhe rotational speed at G :;st be kept less than
a stage of centrif_u%m& 4. The operating speeds mball released from the
is known as critical spee ed at which the Outel.—moslt nd centrifugal forces.
the critical speed 1% sp‘iteraction of gravitation® 'i equation
mill wall dlepe:m:l::;1 c:;tlhgel eromined by the following
The critical spee

1r._g__

==
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Where, n = Critical speed, revolutions/sec
g = Acceleration due to gravity, 9.8 m/s2
R =Radius of the mill, m
r = Radius of the ball, m

The rotational speeds of the ball mills

of the critical speed, with the lower values
suspension,

Problem 1. What would be the operatingspeed of rotation in revolutions

per minute of a ball mill of 2000 mm diameter charged with 100 mp
balls? The ball mill is grinding solid matter.
Solution : Given

R=2000mm=2m

r =100mm =0.1m
The critical speed

= & 'g
%= =2 R-r

Substituting the values in above formula

(“o) are kept at 65 o 80%
for wet grinding in Viscoug

i ) 98 _
0= 33136 707 036144 revol /s

<N, =036144 x 60 = 21.58 rpm

Therefore the operating speed for solid matter grinding,
N,=n.x0.8=21.58x0.8=17 rpm Ans.

Prob. 2, What would be the eritical
rotation for wet orj

: spension by a ball mill of 1600
mm diameter charged with 75 mm balls?

Ans, Given, R = 1600 mm =16 m

r=175 mm=0_75m

=

1 [&
c 2n R-r
N = -——-_:I______ J_T ==
(3 2:{3_14]6 16'0075 "'0.4034 reVOlfS

“n

« =04034 x 60 = 24 rpm

Pro rvest Technology
of tected Cultivation and Post Harves

o1t book 0

Atext b0

. ]

—24%065= 16 rpm ADS.
e
EXERCISES
ions i ocessing ?
different unit operations in seed pr
1. What are ‘ -
Q_Z Differenciate between cleaning and gr'
; 3 Enlist different ways in which separatio o
! i t sketc
3 4, Explain rotary screen cleaner with neat s
& . ciple of size reduction
Q.5. State the princip

& @@

1 of material can be done.

99




A text book of Protected Cultivation and Post Harvest Technol,
chnology

used symmet
Ty, texture, f
odor and flavor are § ¢, freedom from dama

in grading,
9.1 Object of Grading :

The overripe boxes

employed in ¢

utting and se of pro
peeling or cutting ang peeling the fruit sort :F;-'er maturity. The women
belts some fry . ortitlor quality, usually before

broad, slowly moving

Vegetables muyst

9.2 Size Grading of Fruits

Peaches

.
are (lE{l n ]al V"lg

Grapes, Cherri
) » Cherri
white apricots ang o Péums' Olives and Berri
€s are graded for gj
rsize whole,

ted Cultivation and Post Harvest Technology 101

1 ook of Protec

oeling. Pears are graded for size mechanically before peeling.

oipe! ts are graded over vibrating screens with circular

Most of the frui . '
. s of various SiZes. The unit of measurement for these holes In

st cases is 1/32 inch. The screens are normally five or six in number
pdare interchangeable s0 that single grading machine can be adjusted for
{ifferent varieties of fruits. The screen is usually made of copper.

92.1. Screen Grader :
Large sizes of fruits are removed first in some grades. Thisis achieved

pyallowing the smaller sizes to fall through the first screen and allowing the

Jargest size to pass OVer the end of this screen, where the fruit is conveyed

o the canning tables by a belt. Same way the smaller grades of fruit are
separated successively. In second method of grading the small sizes are
removed first and the largest size is allowed to drop progressively from one
screen to the next and finally to pass over the last screen. This result to
umnecessary agitation of fruits, which may result in softening or brushing.

92.2 Roller Grader :

_ This grader consists of two rollers. The diameter of each roller is
about 2 inch. Both rollers revolve from each other. The rollers are closer
together, at the upper end than at the lower end. As the fruit passes along
these rollers first smaller fruit is dropped and is removed separately. The
largest size fruit get chance to drop through the roller at the end of the
rollers and removed separately. Roller grader is suitable for spherical
(round) and unpeeled fruits. This type of grader is used to grade peaches,
apricots, oranges and olives.

9.2.3 Rope or Cable Grader :
Olives are usually graded for size by travelling, diverging steel end
less cable. For grading pears rubber cables are used. The distance between

the cables is adjustable.

9.2.4 Weighed Grader :

For grading apples and oranges weight grader are used, which grades
the fruit by its weight. Individual fruit fall into travelling canvas pockets
placed at one end of short counterpoised rods. The rods rest on a long iron
strip, which serve as a fulerum. As the fruit is carried along the grader,
the distance of the fruit from the fulcrum becomes more. The cup holding

——

o~
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the fruit tilts as the leverage of the fruit becomes greater than

. . S at of
counterpoise. In this type of grader the heaviest fruit is removeg first ang
the lightest fruit at the last.

9.3 Grading of Vegetables :

Beets, asparagus, peas, string beans and cucumbers are
size either by screens, cable and other graders or by hand. T
of grading and grade designation vary with the vegetable concerneq,
Asparagus spears are sorted for size and colour “by eye” into three classes,
The size graders for green beans consist of a revolving cylinder with sl
of various diameters through which the beans fall on to conveyor. Carrots
are size graded in order to separate the young, small sizes from the larger.
A common sizing being is 1 inch. Lima beans are graded for size over
screens having openings of 24/32, 30/32, 31/32 and 32/32 inch diameter.

The various sizes are known as Tiny, Fancy, Medium, Standard and
Mammoth. Beets are graded roughly into three si
reel sizer, the rods running lengthwise of the grad
three size groups. The peas

graded fop;
he method

ze classes by a rod-and-
er and diverging to give
are graded for size after flotation separator
treatment. Size grading is usually done by passing the peas through a long
slowly revolving screen cylinder. In some graders the smallest peas are
removed first, in other the largest sizes are removed first,

EXERCISES

Q.1. What is object of grading,

Q2. What are different equipments used for size grading of fruits?
Q3. Write in brief about grading of vegetables.

SRR
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STUDY OF QUALITY STANDARD

10.1 FOOD QUALITY AND STAN DARDS'. e nadonnd
i The government plays an important role in developl g'E topnin %
ing the quality of food. National standards are se by
;(?ptrﬁlh: S acgces and safeguard the consumers’ h_ealth. The s ta o
gz:.z:;it; porf food and food products have been laid down by sta
bodies. Some of these are:

1. Prevention of Food Adulteration Act (1954) :

have been

Standards for quality of different food _and fooc:h;:::dtt:;ts;]:e e

blished which are revised from t{mc to time b: e

o ittee for Food Adulteration Act. The main objcctw; b
i?:?il: lo obtain a minimum level of quality of food stufts

under Indian conditions.

e =1111"3]1.:ilt’-ttltzs:rr'.iniml.lrrt standards for the
[ t Order (FPO) stipula B
e 'ﬁmtfp mc:zzs fruits and vegetables prcduc:Es r'{lanL:sg E; i
ey, The der specifies standards of samtanond. e
‘30“;1 t{.ly. T::llei: 1-fac,toriiezs and gives directions regarding p
be followe ;

i d fruits
i iners. Packing of vegeta.b]es anc
g lal?Elmtghg fr(l:i?l?:na:un prescribed standards is a p;:?;;?;:i
ofsemriet !3@ . Under this act, every manufacturer Eu.m g
s i la‘:t-ing the processing of vegeta.blcs and u111 s
i bﬁfoerstimﬁrm to the standards prescrlbed under thi A
product shou

uet Order: for the
i P; c'dsi:»cc:iﬁ os the standards for procedures to bendopted {0
This order

e ices, treatment
electi of disease-free animals, slaughter house practi

selection o ; .

flthe meat to maintain uality of meat

fo} quality

__..v-"'_'_'-———.—.__
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4. The Agmark Standards :
These standards are set by the directorate that defines standards f;
the quality of cereals, legumes, oilseeds, oil

s, butter, ghee, eges ete.

and provides or the classification of the commodities into Varigyg

grades depending on the quality.
The several grades are: special (Grade )
II) and ordinary (Grade IV). The Ag
assurance of the quality according to st

Bureau of Indian Standards :

»good (Grade II), fajr (Grade

mark gives the consumer an
andards laid down,

The IST mark on any article of food is a guarantee of good quality
in accordance with standards prescribed by the Bureau of India
Standards for that commodity. The ISI and Agmark standards are
not mandatory; they are purely voluntary. These express degrees of
excellence above PFA standard

S.
Codex Alimentarious :

/WHO. Food Standrds Programme
Formulates, food standards for j
markets. It also includes standards in respect of food hygiene, food
additives, pesticide residues, contaminates, labeling, presentation and
methods of analysis ang sampli

ng.
10.2 FOOD ADULTERATION :

105
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Alext 00

igilant to safeguard family’s
Thﬁrﬁffll'ﬁ, 00“5;1 mr? / :;:::f';tn(?rtl; lrlrgybzo\:g:lltinfew qual%tative tes;s to
B ntion l?oisc hold items. Buying food or food produhcts r;ig
datectﬂdﬂltefﬂtlﬂll:l lSlt: source after careful checking betjore’ purc §dea) 3
e anderrgﬁzaﬁon mark like AGMARK, FPO (Fruit l?lodui o
ilrésil?irl‘lgafl};‘rzinimizes the risk of purchasing foodsl. ; f }:11”;:::{(;1; q;elated "
+ HACCP — (Hazard Analysis Critical Control Poin
food safety.

i iti ntrol
HACCP is an abbreviation of Hazard Analysis Critical Co
¥
Point.

i f microbiologically
i ds to the production of m
P is a system that lea o
21?:: fgods by );nalyzing for the hazards of raiw nTaterleven e
i s
inciples: HACCP consists of following ‘
HACCP Principles: HA! : e
i jated with the growing harvesti
rds of risks associate e
y Assessatzza}]lgzingrediems, processm.g, manufa;tuéi?f,qucsﬁon-
i::ﬂl(zting pr::-parat'xon and consumption of the' oot.ﬁed -y
2 Determ'me: the CCP (8) required to control the ldenhl.demiﬁed o
i
3.  Establish the critical limits that must be met at eac
: S B
4. Establish procedures to monitor CCP (S) e b e
5. Establish corrective actions to be (t:afl:en w
s enmia gwf’“ Cy st;:ms that document the HACCP
i i d keeping s
sh effective recor |
Y HACCP system 1S
D dures for verification that the
7. Establish procedur
- ly‘ ) )
working correct s |
150~ Inieciitions B i (QMS) which deals with quality of
It is Quality Management System
i

d service: ice.
pmduc(;gg deals with quality of product and serv
1SO 9

14000 deals with environmental issues.
Izg 18000 deals with worker’s safety.
I
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10.3 ERO. SPECIFICATIONS FOR FRUIT & VEGETABLE pRo plext bt . siilis
ificati DU - . anned fruits and vegeta
'-l'a.ble 10.1:Specifications for fruit syrup, crush, squash, n CTs ﬁhfélw specifications for bottled or ¢
juice, aeratele -“fater containing fruit juice or Du]p’ :Ctar, cordia], —— Specifications l
beverage, fruit juice concentrate, jam, jelly, marmalad > eady-to-serve product 1. Head space in the can shall not be more than
chutney, etc. e, cheese, Preserye 1.6 cm
Product 2. The drained weight of the fruit shaLl nol;ql be less
Specifications d the fruit should be firm.
re . s than 50 per cent an
gnitp:::i;r:;::;;ny suitable Mllmmum % of total | Minimum % of fruit 3. No preservative shall be added. -
sc:. 0u[lbletsohds in final | juice or prepared fryit Bottled or canned fruit 4. No artificial colour shall be present, except in casc
Fruit syrup product (wiw) in final product (wiw) | of peas where permitted colour ma be added.
Crush 65 25 5. The can shall not show any positive prcssurc.at
Squash 22 25 sea level and shall not show any sign of bacterial
Fruit nectar (excluding 40 25 orowth when incubated at 37°C for a week.
| orange and pineapple nectars) 15 20 .
%@gmd pineapple nectars - Table 10.4 : Specification for tomato products
ango nect
Cordial = 15 ;g Product (Prepared | Minimum total Mould Count
Unsweetened juice 30 25 from any suitable | soluble solids (%)
Sweetened juice Natural 100 variety) B rrre =¥
Ready-to-serve fruit :g 85 Tomato juice 5 Not in excess of 30 per cent of the
beverages including acrated 10 Tomato soup 7 field examined. |
gater containing fruit juice Tomato puree 9 Not in excess of 60 per cent of the
arley water 0 | Tomato paste 25 field examined.
25 (minimum % of To inex £40 t of the field
Fruit jui Tomato ketchup/ 25 Not in excess of 40 per cen I
-J_a‘i::‘_“;l;lf; concentrate 0 barley starch 0.25) sauce (Minimun acidity examined. (Yeast and spores not in
wn cheese 68 100 as acetic acid 1. 0%) excess of 125 per 1/60 mm?. Bacteria
Mme;‘ld Marmalade 65 45 L ) not in excess of 100 million per ¢.C.
_f'lii_t_cm;ye 68 45 _ '_Saui:es (other than 15 (Minimum Not in excess of 40 per cent ofthe ﬁe!d
Synthetic syrun/aq 50 55 tomato and soybean) | Acidity as acetic examined. (Yeast and spores not in
(prepared ﬁ)"o Phs arbat 65 i acid 1.2%) excess of 123 per 1/60 mm3; Bacteria
Or essences m herbs, flowers | - L ’ not in excess of 100 million per c.c‘)J
Table 10.2: Spe. i Important considerations
pecilication for candied and crystalli . 1, In case of RTS containing lime juice the minimum content of juice
pl'ﬂl]l.ltt !zcd or g]azed fl"ullS Sha“ be 5%
(Prepa Specificati ) : .
suna':;l:er(::ff"’ i Total sugar (%) pec‘ﬁ%!wns. 2. The container of synthetic Syrup shall not bear any label, which
Candied an(; — Yaricty) ::fw"c'“g sugar as % leads the consumer into believing that it is a genuine fruit product. In
lazed fruit ani;rys‘a"'ze‘j or | Not less than 70 total sugar addition the label shall have the word ¢Synthetic’ distinctly and clearly
______________fil__ Not less than 25 displayed on it. If the product declared as ‘Synthetic’ syrup does not
contain any fruit juice as prescribed above, the product shall be clearly

——e
B,

marked as ‘Contains no fruit juice’.
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3. Peas or any other products, which have been drie

processed before canning, must be described as ‘Pro
not be described as ‘Green Fresh’ or ‘Garden Produce’.
clearly marked as prepared from dried raw material,
Dehydrated any dry fruits; if canned, shall be clearly marked a5
prepared from dried raw material.

When dry fruit is used for making jam or cheese, it shall be clearly
declared so on the labe].

6. Jelly made from sugar and chemical pectin shal] be clearly declareq as
synthetic jelly.

d or Otheryjse
cessed’

When preserves are packed in sanitary top cans, the contents shall no
be less than 85 per cent of the total space of the can,

In case of fruit chutney, the names of fru
the label. However,

in case of mang
content shall be declared on the label

- Incase of tomato Puree and paste the percentage of total soluble solids
shall be declared on the label,

its may not be declared on
o chutney or other chutneys the

10. of sauces other th

an tomato and soybean, the names of fruits,
les or dried frujts used shall be declared on the label.

When more thap one vegetable is used in vinegar pickle the product
shall be labeled as mixed pickles.

In case of oj| pickles the name of the fruit or vegetable used shall be
declared on the label,

In case
vegetab
1il::

12,

EXERCISES
Q1. What are different standards 1ajq down by statutory bodies ?
Q.Z. What is fOOd

adulteration 7 Explain in brief.

A

10.
11.
12.

13.
14,
15.
16.

17.

18.

19.
20.

OBJECTIVES - Fill in the blanks.

g
i
Ualue 15 Called.. smmsarms

Moisture content of paddy during hanff:snng 18 5iss i
Moisture content of paddy for storage is .........

i in wi f air
is used for drying small quantity of grain with 450c o
‘;;:;{{;;:erature and 4m3/min airflow.

....dryer is most popular dryer in India.

nic
or equﬂl | (o R,

i ice i edas ..........
The top sieve of the screening device I call

i i best milling
.. drying gives the
d by ........
Early harvest followe
recovery. .
Drying in the bin is called ......-... drying

ini by osisisis
Moisture content of grain is mear;}uredghythe AT
i ir passed throu
In deep bed drying ai
e iy o i depth should not exceed ..........
In thin layer drying the grain bed dep o
-ll imated to be aDOUL «cvarveves

’Fh ost harvest losses are estimated u{; be a -

o r flowering.
Rice should be har\rcsted....(.j ..... afte e

harvested.....oovennnt ' ) t
o Shouwl: T:e] harvested when the ratio of brix between top
e shou ;

Suga;s?tgm part of cane 15 nearly..
an

. PrER O e f(.)l' most o th
ntent fDI Saic Stolage 1S.vcecnss f
i co
MOlSll.ll‘e e

a EIY covsmsmsmaeians
crop aking involves two processes namely
Hay m

f i i [ -15 ca“&d ....................

P
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21, Circulation of relatively dry air aroung {l
called........ooreenn, drying. '€ produey
22 d i
: veeeseeeeeen dryeris used for dehydratio i
at temperature at 800C, " of fruits ang Vegetableg
" ;
;’; ..................... Is an uncontrolled and non-uniform dryi
* sessasssmss i ln '
5 having temperature -15 to -280C is used f; -
i sh, packaged meant and some cold packed fruits €d for freezing
50 d '
.............. ryers are small capacity d
26.  Theu ; L
. e upper edge of the drying zone at the interf. i
iscalledthe ............. 90¢ With the wet zone
27, The normal ai -
air te
A mperature recommended by batch or bin drying
28. LSU dryerisa............... flow dryer,
;z The best silage is made form
i el —— c
. 'lh:llzl:l heat content of the drying is called o
_ I e is nreng reiscalled...
- Of"“""p pared by drying the milk in spray dryer by the
D For B o e
\ly heas iti
i t sensitive foods, ........... ... dryers are
33, In twi .
4. Se In dryer, rotations of the drum are to each oth
) PATOHIOn 0F e mecady s T BB other.
blacein,, .. Produce on the basis of difference in size takes
35, Inhg i
m il s
36. Speciﬁ:l;; "t"ll, S1ze reeducation of slid is due to
: atand..,... . S G
N in heat Processing Operat‘iir: tWo important thermal properties used
© Ml separatio .
3 n a 3 . - .
acceleration woyg IiftT aIr velocity greater than gravitational
8. Loss of liquid j Spartiols
39, Intendeg cyli l:il thawing is called. .. .. .
inder
i grader works according to the difference in
© Air screen
cleaner
" ..., Separates the seed according to......---

The bro

ken rica ;
Wh the help of .......... grades.
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H In processing plant, precleaning is done by..........
43, Stratification and separation are the steps of operation in ..........
separator.
44, In pneumatic conveyor, the terminal velocity of grain should be
.......... that air velocity.
45, lindrical disc separator separates the material on the basis of
P P
46.  Burr/plate mills are commercially used for ..........
AT ThE .........- Separator separates the material onthe basis of relative
rolling ability of material.
AR......... refers to circulate a small amount of air through the grain to
cool and ventilate the grain at frequent intervals
49,  More than.......... times carotene is preserved through artificial
drying than sun drying.
DUEE The ..cooviees basis moisture content is used mainly by research
workers.
5. The moisture content on dry basis is always ......... than wet
basis.
52.  Equilibrium moisture content is zero at .......--- relative humidity.
53.  Aqueous or slat solution of different concentration is used to
q
control.......... of air. :
54,  Removal of foreign or dissimilar material iscalled ...oeeeene
55.  Classification of material on the basis of commercial value of usage
iscalled ........-. ’ .
56. Round hole screens are recommended for cleaning and sorting of
.......... material. . o
57 Screen cleaners that employ an ait blast to assist in cleaning is called
.......... mills ) )
58 Cream separator uses centrifugal force for separation with bowl
" speedaeeees rpm. _ ‘ o
59 is the trade term used relative to the reduction of grainin to
. ;neal or flour.
60, eseenerss indicates the uniformity of grain in resultant product,




S

A text book of Protected Cultivation and Post Harves; Technolo
&Y

- 1
61. The.......... mills are commerc;
iall i
food products. ¥ 0sed 1n Preparatiop of feeq
and
62. .........method measures sj
: s sila ity j
radioactive source, B b A Upright Slg.
Y
63.  Baffleand LSUare ., flow mixing dry
64, In.... i i .
) Pn i dryl-ng the drying agents are hot gases
- ractically d[’}'ll’l!g ofall farm Crops or agricy]t
---------- e ural product oceurs iy
66. ..
o s ...dr)iers are used for fruit ang vegetables
¢ - Drying involves both... . and t : fi
: = POMeand.. ransfer,
AI.I commercial floy dryers are desi
Mo igned on ., .. drying
69. In general, an aj
3 » AN air tem [ i
dootig Perature of ,... . . IS recommended for deep
70 ... drying i
o, a;‘:z;ng.ls u.sed for drying the parboiled grain.
. rying is used for a relatively small volume of grain
............... are l
B greatly used for the storage of 25 to 500 tonnes of
73. The chemi
- Chemical used for ¢ inati i
7 e o4 etermination of specific gravity of granular
g, . enei s
i o lhin..i ........... :law are related with size reduction.
! ayer drying, generally thickness of grain bed is taken
o e, only.
i g is the dimensionless ratio.
...................... is used to measure t
78 wet bulb tem perature of aunospher: it pesisa
. ey leﬁmhqu':is the process of remova] of water in which
R SN isd i i
i A ottt 1s defined as the ratio of geometric mean diameter
oy pa,.bo"ed ...... k apparatus is used to determine fat cantent.
rice t i i
o aKES ......c.cuu......lime for cooking for same degree of
—_—
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g). Membrane separation is also referred to as.......................
W T means individual quick blanching.
g4 Inspray drying the drying time varies from....................
§5. Cyclone separaters work on principles of......... 3T S force.
§6.  The oil treatment is given to the pulses in.................... milling,
§7. Red earth treatment to the pulse is given in................... milling
method.
88.  The absorbent or dehydrating agent like.................. or activated
alumina is used for reducing vapour pressure of the drying air.
i), . is the science to determination of flow.
R ... means removing field heat.
91.  Forced air pre-cooling is done at............ for about 2.4 hrs.
RO oo vavonsas con e is the most rapid method of pre-cooling used for
leafy vegetables.
93. Use of beta or gamma treatment is commonly called............
pasteurization.
94. RPEC dryer was developed at..........ccooovmrreeenns
95.  The most common fumigant is.........eceeerevnnes _
96.  Pshychometric charts represents.........ocooaeeee properties of au':
1T separator separates the material particles from solid.
98.  Stoke’s law is applicable when reynold’s numF)er O
99.  Scalper is used for......ccccoamemiunnnes separation.
100. In ball mill, the size reduction is done by.....ooeaverumarenes
101. Solid food materialis generally..........

i i i Ivent is
102. Extraction of soluble constituents from a solid by using so

called as ........- . e
Natural air drying is recommended, if the RH is bcl.ow_ 0
g : dryer was developed at Louisiana State University.
i 'sr{he separation of solid from liquid by passing the flow of
...... i
iy mixture through fine pores.
e BEEERIER dryer ranges from..........
07' Overall thermal efficiency of drum drye g
107.
- f 2 s
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108.
109.
110.

111.
112,
113.
114.
115.
116.
117.

118.

119.

120.
121.

122,

114

Overall thermal efficiency of spray dryer ranges from
In drum dryer, the drums usually rotate in

Most commercial chiller operates at higher temperature Upto

Fat globules in normal milk are of ......... microns in size.,
«eveeancare used in canning of vegetables.

.......... heat exchanger is very popular in diary industry.
The acidity of milk is due to ........ acid.

Reverse osmosis is also known as

..........

The instrument used for humidity measurement is called

........................ is an instrument for measuring the duration in
hours of bright sunshine during the course of the day.

The most recent addition of greenhouse film plastic covering
180 svmsmsnmnzsssasyis film.

........................ is the best method for preservation of meat and
fish for a longer time.

............... type of green house is constructed on hilly terrain.
The dl.ameter of pit silo is usually limited to.................. and its
depth is kept....................._ times that of the diameter.
Pyranometer is also known............. ...

® e @

»

A text book of Protected Cultivation and Post Harvest Technology 115
ANSWERS

1 drying 2 23 to 25%

3 12 to 14% 4 Sack dryer

5 LSU 6 400C

7 wet basis 8 Scalper
[0 [ mechanical 10 | Deep bed

11 | dielectric meters 12 |20cm

13 | 20cm 14 |25%

15 |32 days 16 |40 days

17 |one 18 |14%

19 | drying and curing 20 | Ensiling _

21 |adiabatic 22 | Solar cabinet

23 | sundrying 24 | Sharp freezing

25 | batch 26 | Drting front

27 | 450C to 500C 28 | Continuous

29 | maize and sorghum 30 | Enthalpy

31 |sublimation 3i Sf?rec:zra: =

i ean

33 | opposite 3 creen c _
35 impact and crushing 36 | Thermal conductivity
37 | pneumatic 38 D'np-loss

39 | grain length 40 | Size, shzllpe

41 disc 42 Screening

i 44 | Less

43 | gravity 388

45 | Grain length 46 Grlnd_mg

47 | spiral 48 | Aeration

49 five 50 |Dry

51 larger 52 |Dry .

53 | relative humidity 54 Clearfmg

55 | grading 56 | Spherical

ing 58 | 8000

o7 {Eﬁﬁ%{_ 60 | Fineness modulus
5? atirition/burr/plate 62 Radia{icfn

23 continuous 64 | Convection
(63} eoi—

--""'-'-—-—._._.__
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65 fal iing 66 T'ray B a2 )
67 | heat, mass 68 | Thinlayer REFERENCES
;.'1'3 l“?lufal = Ba'g Sichires 1. Dittrrer, H.J. 1937. A quantitative study of the roots and root hairs of
75 Zg :enm ’;2 Rittinger and Kick’s a winter rye plant. Am.J.Britany 24,417-420.
Specifi i

77 | Asling psychrometer 78 Eiaplor{;t?;ivw—______ 9. Hanan, J.J. Holle}:, W.D and Golds'ben'y, K.L. 1978. Greenhouse
79 | sphericity 80 | Gerber =CVR | Management. Springer-Verlag, Berlin.
81 | more 82 | Cold sterilization proces 3. K.Radha Manohar and C.Jgathinathane. 2000.
83 |I0B 84 |5to0 10 sec - Green House Technology and Management. B.S. Publications, Sultan
gg Centrifugal, gravitational 86 | Dry Bazar, Hyderabad.

wet . .
30 | sheslogy 88 [ Calcium chloride 4. Mane M.S., Avare B:L and S.S.Magar. 2008.
91 170 90 | Pre cooling Principles of Drip Irrigation System. Jain Brothers, New Delhi.
93 | Non-thermal gi ‘l"a"““m cooling 5. Qjha T.P. and AM. Michael. 2005. Principles of Agricultural
gg EDCT mixture or EDP tablets % ;}E;;i?;z%g}ui Engineering Vol.I). Jain Brothers, New Delhi.

a cyclone 03 L — 6. Sahay KM. and K.K. Singh. 2002. Unit Operations of Agricultural
99 | rough ess than 2 . . T -
I = 100 | Im Processing. Vikas Publishing House Pvt. Ltd, New Delhi.

01 | viscoelastic pas —

103 | 70% 102 | Distillation 7. Tiwari G.H. and RK. Goyal. 1998. Greenhouse Technology
105 | Filtration 104 | LSU Fundamentals, Design, Modelling & Applications. Narosa Publishing
107 | 3510 80% — 1106 | 100 kp - House, New Delhi.

}?19 ?ppmhe Cfection hi'(l)_(s)_ 2100t:) Sg%

S A —— 0 120C
113 | plae | 112 | brines ] ® ® @
D et ] J

115 Tiyper ivation e — |
_3;_%7{—2——? grometer

reezin [ 116 | Tefzel 12
-I_ZI__—GTH_,E?%___—'_“""——_EQ_ Uneven span
1122 | solarimeter
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Questions from Theory Examination (2009 to 2011)

a) What is greenhouse? Explain the advant
greenhouse. e o

b) Give the classification of greenhouse on the basis of
construction and covering material. °

. What are the different irrigation systems in greenhouse?

Explain drip irrigation system in detail.

Enlistand di in brief i

iy iscuss in brief the different methods of greenhouse
a) State the importance of drying.

b) Explain the features of mechanical drying.

a) Enlist different types of storage structures for food grains.

b) Explain kothar type storage structure with neat sketch.
a) Enlist the different types of separators.

b) Ex-plain inclined draper belt separator with neat sketch.
What is drying? Give the importance of drying
8.

What is seed processin
processing operations.

Define cleanin
cleaner.

g? Give general sequence of seed

g. Explain in shoort the vibratory air screen

Enumerate the

: roperti :
material, properties of an ideal greenhouse covering

Enlist the properties of growth media
Explain in short the inclined belt draper
Write short notes on (Any two): |

I) Covering materials for greenhouse
2) Hammer mil] |

3) Grading of vegetables

T e

8
At
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Define the following terms:

1) Drying 2) Grading 3) Relative humidity
4) Greenhouse effect 5) Cleaning 6) Greenhouse
7) Ventilation 8) Food adulteration

Fill in the blanks:

1) When small, isolated cultural area is required then
type of greenhouse is used.

9) The light intensity is measured by the international unit known
T

3) The capacity of Bukhari type storage structure varies from .........
to .......... tones.

4) Spiral separator separates the grain as per tHelE oo ;
RIn ......ce mill, the grain size is reduced by shearforce.

6) The .......... mark on any article of food is a guaranty of Bureau
of Indian Standards for that commodity.

7) The Lousiana State University dryer is a continuous flow ..........

type of dryer.
8) For most crops, the acceptable range of relative humidity in
greenhouse is between .......... L1 JOSTPR percent.

State true or false:
1) The most widely used glass for green house is the float glass.
2) C:N ratio and bulk density are properties of root medium.

3) Sorting refers to the removal of few large particles in an initial
process.

4) Roller grader is suitable for spherical fruits.
5) The specific gravity separator makes the separation according
to difference in length of the material.

LOSOIRO4




