Harvesting, Handlir?g
and Storage of Fruits

_______._—-—-'—"____‘

the life of fruits is from the time it

st important periods in uits |
bl B mer. This period is commonly referr

icked until it is disposed to the consu er. ; :
:s ‘post harvest life’. Fruits and vegetables are living organisms and hig}

perishable commodities. These are affected by.a nun'1ber of faf:tors lead

to the post harvest spoilage. The total losses in fruits are esn'mated to

20-30% amounting to nearly Rs. 8000 crores annually depending upon

fruit varieties and post harvest handling systems. This may vary from

to fruit; 14% in apple, 20-80% in banana, 40-100% in papaya and 35-1(

in potato and 60-85% in onion. The magnitude of these losses in develoj

countries like India is comparatively higher due to a variety of reasons; m

lack of infrastructure needed for post harvest management of the perishe

and poor utilization of the fruits and vegetables by processing industry
The various causes for losses are

Loss of moisture, causing wilting/ shrinkage

Loss of stored energy

. Loss of food constituents

- Physical loss through pest and disease attack

; Lpss due to physiological disorder
. Fibre development
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7. Greening
8. Root/shoot growth
9, Seed germination

10. Other causes—Micro organism, Insects, Rodents and action of enzyme

pOST HARVEST TECHNOLOGY

The post harvest technology may be defined as those techniques (method:
which reduce the post harvest losses and help economic u(ilization of cr i
(including waste) to the maximum as fresh produce or to make nutrilic())t?sS
cafe and stable products. To reduce the losses, we must understand th;
piological and environmental factors involved in deterioration of the perishables
and secondly to use the post harvest technological procedures to achieve the
same. Basically, enzymes, micro organisms, pests and the environmental
factors are responsible for spoilage of these crops. From this point of view,
any method which prevents enzymatic activity of plant or microbe and their
activities would increase the post harvest life. Thus, post harvest technology
involves multi disciplinary approach with horticulture, plant nutrition, pathology,
microbiology, biochemistry and physiology, food science and technology and

engineering.

PRE-HARVEST FACTORS
Many pre-harvest factors decide the post harvest life of horticultural produce.

1. Maturity and maturity indices

The post harvest quality and storage life of fruits are controlled by maturity.
If fruits are harvested at a proper stage of maturity, their quality is excellent.
Vegetables are harvested as and when they attain maximum size and yet are
tender. Over maturity in root Crops causes sponginess and pithiness. Their
harvesting should not be delayed. Delay in harvesting of onion and garlic
reduces their storage quality.

Maturation is the stage of development leading to the attainment of
physiological maturity (when a plant or plant parts will continue ontogeny
even if detached). On the other hand, horticultural maturity refers to the stage
at which a plant or plant parts possesses the pre-requisites for utilization by
the consumer for a particular purpose.



104 r Time to Pick the Fruyjtg

Methods t0 petermine the Prope

tests . ) o 5
1. Maturity he rough but ready maturity tests of fruits employeq ¢, 2
Following ar¢ L
/ tured fruits: B o,

et change is on€ of the criteria to .mdge_the mmu.my of fruit =

(a) Colou; :,fl:,ei colour from green to yellow is the main criterign e

chang in mangoes. Gimilarly in papaya change of colour g .

s the full maturity stage. In the case of pinegrt

end of the fruit indicates
nearly 25% of the fruit surface should have turned to yellow Colog

b) Increase in size. : )=
:c; Softening of the tissue of the fruits. e.g. Figs and grapes,

(d) Ease of detachment from the stalk. e.g. Sapota and annona,

(e) Shriveling of fruit stalk. e.&. Watermelon.

(f) Sound by tapping-jack and watermelon whep ripe profluce hollow g
dull sound on tapping but produces metallic sound if unripe.

(g) Days from full bloom i.e. DFFB is based on the apparent effect ¢
temperature on flowering and fruit development which suggests
use of degree days or heat summation for the more accurate prediciin
of harvest data. Accumulated heat units for a fruit crop’s optimm
maturity is computed by calculating the time in relation to temperatur
above a certain minimum base temperature. For example, in apple i
base temperature is fixed as 50°F and a day with an average temperatat
of 68°F (20°C) would provide 18 degree days F (10° days C) of hea
units. A day with an average temperature of 41°F (5°C) would provid
zero degree days of heat units. Based on this, heat requirement ¢
certain fruit crops is worked out as below:

Fruit Cultivar Cut out or base Degree 6!
femperature
gpple Red Delicious 50°F 1659170
ane Thompson Seedless 50°F 1600207
ango Banganapally -~ 18°F l-ﬂ"’5
Banana Cavendish 9.8°C 1930
2. Accurate tests
(a) Colour charts
Charts are prepared for indj
: r indicati - v B
referring to this ready chart, oz:ng colour at different stages of mamn?mil‘

can easily judge the correct stage of ™

(b)
It i
ind
ripe
car
an
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(b) Penetrometer

[t is an instrument which indicates or measures i
: - t pS { y F tice .
index of maturity. It chiefly helps in detcrminingh: Imn?“nb et
: St bR N 8 ‘hen fruits are oo soft ¢

ripe 10 stf)ragegdll’h’tr,lhdll .\\ hen D{Cklng should begin. Firmness of lhcnﬂder:l:
can be .asscsse ) :’cll:wvmg a thin slice of the skin and flesh with a knife
and using a specia ’and operated tester which records the kilogram of
pressure (kg/sq. cm) for the plunger to penetrate the flesh g 5

(c) Sugar/acid or Brix/acid ratio

This is t}ased on thcf prir)ciplc that acid content reduces and sugar increases
on ripempg. The fruit growers should bestow more attention and considerabl;a
care during the picking season to reduce to a minimum level of careless
handling of fruits by pickers.

1. Picking must be commenced from the lower branches of a tree
ad.vz'mcing towards the top in order.to reduce dropping of fruits to the
minimum.

2. As far as possible, dropping of the fruits from the tree should be

avoided to avoid any possible physical damage.

During picking, care must be taken to avoid any possible damages to

the branches especially to the spurs as the subsequent cropping depends

upon them.

4. Picking early in the morning is always best. Picked fruits should be
kept in shade and excluded from sun. After picking, the fruits must
be kept in the coolest place available which is well ventilated to arrest
respiration and break down as much as possible.

5. There should not be any bruises in the fruits while picking as it will
lower the marketable quality.

6. If picking is done in mid-day or hot weather, fruits should be kept in
a shed overnight to cool.

7. The time of picking depends upon the following factors:

W

(i) Variety: Certain varieties will ripen only in trees and certain
others will ripen even when they are harvested 3/4™ maturity
stage. )

(i) Purpose: For which it is meant, for example, tomatoes mean
for table purposes can be harvested at red ripe stage wl’\ereas for
distant market they may be harvested during breaker's (colour
changing) stage. . ) ‘

(iii) Distance to market: The closer is the market; ripe fruits m::ye
be picked and distant is the market, mature green stage MaY



106 the fruits reach the point of “Ons\,mq

‘hen : :
harvested so that ‘r:i:r 1o maintain good quality, storage . e
ipe. In O highly important that they Shﬂuldl"

it is ; .

| va‘rusetage of maturity. Prematurely picy.q e,
It Sm:ﬁ poorly coloured, sour. tough and jpfe,. '

are generally 2

fore, it is important that frui?s Shoulq be "'loww"'

quality. ﬁ:; m:; as long as it is possible as it contingg

in in 1 - : <,
fen:;r;e in size when it remains upon the tree

nc

picked at the pro|

Handlin | b ,
i g judes all processes from picking to delivery or disposal 4
Handl:i mcim This includes the treatments g.lven. for getting the fruitg ready
tc'::s ﬂ:‘e mafi?et wz packaging and wrapping, ripening af‘d 5‘;’”}8@- Qne of the
g is the dipping the fruits in armsepnc‘so utions like |-,
e e . d infestation of scale insects and wagh; ¥

caustic soda to remove the dust an - ;
with 1-1.5% of Hydrochloric acid to remove any spray residue and to impyoy

the appearance.

Pre-cooling
It refers to the rapid removal of the field heat from the freshly harvested fruit

and vegetables in order to slow down ripening and reduce deterioration prior

to storage and shipments. Different methods are adopted to precool the fruit

the important ones are (i) air cooling in which the fruits are kept in a cold

room, (ii) hydro cooling-dipping of the fruits in cold water or by spraying cold
water on the fruits and (iii) vacuum cooling—a costlier technique in which
the atmospheric pressure is reduced so as to reduce the pressure of wate
vapour in chamber which results in evaporation of water from fruits which
bring down the temperature. Vacuum cooling causes about 1% weight los
in the produce.

Grading

bGa:a:des or grading refers to the assortment of the fruits into different grovf
e b:::n cehn:n cha@cter& This includes colour, firmness, soundness,
i t: and size of the frujt, Grading is a good market practice v
p]n lc:‘sdi e rnut_ual _conﬁdence of salesman and consumer.
countries, Sl'ﬂdma‘ g'm:lisnfalrsu{l:‘;):::‘ljyfd<>ne on the basis of size. But in the developt
1 ! Or example, the U S, Department of A G’
prescribes the follow:gg grades to apples in the U.S.A. e



/”_’—K——'—
D) U.S. Extra fancy

(i UsS. Fancy

(iii) U.S. No.l

(iv) U.S. Commercial

In India, grading of fruits like apple, plum, pear ¢ S saties 1
Alphonso. Rumani, Bangalora and Sulhug':ndi is got:c :)“ i/\';::‘ni: :r:::s:le;::;kz
on size only: For \'egctthI.eS like tomato and brinjal grading is being f(;How;d
1o some extent for spec!alu.cd city markets. The Indian stm;dards Institute has
schiﬁed four grad?s viz., Super A, Super, Fancy and Commercial for tomal;a
and three grades viz., Super, Fancy and Commercial for brinjal.

Wrappingd
Covering the fruits after harvest with any material in order to improve its post
harvest life is known as wrapping. The materials commonly employed as
rs are tissue papers, waxed paper, pliofilm, cellophane paper, aluminium

foils and alkathene paper ete. Wrapping has the following advantages:

(i) It minimizes the loss of moisture in shriveling,

(ii) It protects against the spread of diseases from one to the other,

(iii) It reduces bruises,

(iv) It reduces damage during transport or in storage and

(v) It makes the fruit more attractive.

Care must be taken to see that wrap is not too impervious to the passage
of oxygen and carbon-di-oxide. Pre-packing of banana fruits is done in 100
gauge polythene bags under room temperature and cold storage.

Waxing

Another treatment given to the fruits during handling is waxing. Waxing of
fruits helps in reducing the moisture loss, improving the appearance of fruits
and reduces the incidence of storage diseases. Wax emulsion is prepared by
melting microcrystalline paraffin or cranaube wax along with emulsifiers.
Boiling water free from hardness is slowly added to the molten ingredients and
thoroughly stirred in order to make a stable emulsion. The harvested fruits are

dipped in dilute wax emulsion for a minute and then these fruits are completely

dried for 1015 minutes. Care must be taken that excessive quantities of wax

are not applied to the fruit. If the wax is not sufficiently diluted or if it is s0
thick, CO, and O, cannot readily pass through to and from the fruit. Mango
fruits treated with wax emulsion containing 8 to 12% solids have one or two
weeks longer storage life than the untreated ones.



packing . e !
Packaging and Jsses both the direct or primary packaging arou,
nm::\’:hry and tertiary packaging, l:\\c over pilckagi;:1
SeC - o« P ackagi PR
' cartons and crates etc, Proper PACKAEING 1S esseny,
such as over Warts. 1 fruits and yegetables are more in our country,
otherwise the spoilage © d it should protect the fruitg ;

A s 5 uldy an

cki rial .hnuld be st : : 4
'\;‘Lklng mate .a Gy t olnlC&'\L T'he materials “ at
"BIISpOﬂ. more spcmﬁcally it mus be econ

3 @ . o0 of package of fruits and vegetah|
generally used in Indlj ;:; siﬂ;;':s?i‘c"’fl':lms.p fibre and plastic corrugated be:a:z
bamgoo b\:)ooo:asit:‘snnnd w;oden crates of different shapes and sizes are tseg
ic':;'a :\Tmbcr of perishable commodities. Mupots, gunny bags and palmypy
mats are also used for a variety of purposes. Ba.mho_o baskets are th‘_’ugh
relatively cheaper, they have many disa.dvamage?‘_llkc (i) the |0\‘f‘ dimensiog
stability and inability to withstand stacking load (i) they are not strong enougy
o withstand rough handling. Packaging of grapes in mud pots is quite commey

d that during transport, the mud pots breg

in South India. It is often observe t
and the contents get damaged. Though the mud pot has its own advantages

as a container for grapes and such other fruits, it has to be handled vey

carefully thus affecting the speed of handling. In some cases like mang,

pineapple, banana etc., a straight load is practiced in certain regions. For
example, banana in bunches are loaded without any packaging into the railway
wagons or trucks and transported from Maharashtra to Delhi. Similarly,
mangoes are transported from South to North and pineapples are shipped
from North East India and Kerala to different regions. In these cases, it has
been observed that the losses due to spoilage are considerable.

The term packaging ©
the product and the

Prepackaging

Prepackaging is generally defined as packaging the produce in consumer siz:
units either at producing centre before transport or at terminal markets
Packaging of fresh produce in consumer unit packs protects the product
against the damage and excess moisture loss. The packaging material used
should have the following properties:

(z) Sufﬁcient penn.eability to oxygen, carbon dioxide and water vapo
(b) Desired protective physical properties
(¢) Transparency.

pm(;:: p&:neab::ily requirement depends upon rate of respiration ol 6
prepa‘:ki,n of|;::' age bulk density and temperature of the storage: |
g its and vegetables has multiple advantages:
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1t reduces the transportation cost by eliminati
2 s st by inating . and inedi
ponion o F it and vegetables ating unwanted and inedible
The space required for shipping and storage is less
Ithasa bcl'cr.c?‘e appeal as the produce is prepacked in attractive film
and the quality of the produce can be seen from outside with
opening the pack. i
4. prepackaging reduces the shopping time of th
e % e consu as
produce is graded before being prepacked. ey
5. By mAc‘reasmg the shel .t-life both at room temperature and refrigerated
conditions, Qrepackaglng helps the grocer to market his produce over
a longer pe.nod and thereby, avoid losses due to spoilage.
6. Prepackaging has a very quick turnover because of the recent
development of automatic machine.
7. It saves labour costs and also makes the produce easy to handle.

Among the different types of packaging films, polyethylene film finds the
maximum use. The shelf-life of asparagus is extended to 5-6 days or upto
2 weeks under ideal conditions when wrapped in special pl:;stic film.
Polyethylene bags of 100 gauge thickness even without ventilation could be
used as prepackaging of brinjal, okra. Perforated polyethylene bags are also
found to be suitable as prepacking material for packaging of Alphonso mangoes.

(PR

Cushioning Materials

The cushioning materials used for packaging fruits and vegetables are dry
grasses, paddy straw. leaves, saw dust, paper shavings etc. The properties
of good cushion materials are

1. It should have a resilient property.

2. [t should have the ability to dissipate the heat of respiration of produce.

3. It should not carry any infective pathogens or it should not injure the

soft fruit in any way.

4. It should be physiologically inactive.

Recently pulp tray, comb partition, cell pack etc. are used as the cushioning
materials.

The expansion of horticultural industry has created a crisis with respect
to the availability of wooden packaging cases. With the existing scare resources
of wood, the ever increasing demand for wood cases cannot be met. Hence,
considerable work has been done by different agencies on the introduction of
alternative packaging. This included wire bound wooden cases, hard board,
ply board, fibre board, pine needle case, corrugated fibre boards (CFB) and
plastic board etc. The CFB boxes can be fabricated from draft paper made
from bamboo, long grasses and many other types of agricultural residues like

-
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110 ick and recycled paper and cardh,
d jute SHCK & Ot

), © < imber boxes 1o a larp, !
addy and wheat s(m\\r.‘t e of fuel wood, timbe % i e Xlgy
fit Siow 8 ror s Jso the suitable package mafcf dded ad f)WCrg Singy
pulp or paper- C I-B. isa ties, The FB cartons © er a ,( ed ad V““‘ﬂ!-;.es Iilc
they have isothermic F;"’p: e-research conducted shmived lha} z.xp‘plcs In Cpy
(1) Minimal bmlslﬂai 132 is against 30% in convennorlal :.u.kmg ) e
cartons had only 3 3) more economical transport (4) can be turned quig
handling and smckmg(d eeurate size (5) can be appropriately Puncheg
i ighly cise an 3 2 | :
m'o'lhlizb :::ed at Jow cost (6) made P'lfe':'p"?of ;"fi x;cvea‘.tamlpenngm
ventilated, p! s shioet acceptable packaging In the international mar
a glance (7) offer dt e m y less volume for storage of empties (9) can be
(8) collapsible and occupy i er-proof treatment (10) ¢
under cold storage conditions after giving water-p ) Can by

i i i fibre.
inforcing with hessian or nylon o ; .
mad::zu:::-ni;::onim alternative to wood for packaging is plastics. Varigy

plastic materials which can be used to package fruits and vegetables are

(a) Polypropylene boxes

(b) Molded expanded polystyrene boxes

(c) Stretch film

(d) Film wrap and

(e) Polyethylene net

Among them, polypropylene corrugated box has very good properties
and can be used for horticultural produce, especially for apple. One main
added advantage of this material is that this can be reused quite a few times.

Pelletization

Loading and unloading are done manually in India. Due to low unit load, there

is a tendency to throw, drop or mishandle the package, damaging the commodity.

This loss can be considerably reduced by using pellet system. However, this
requires the standardization of box dimensions. For each commodity it should
be worked out. Once this is accomplished, mechanical loading and unloading
become very easy with the fork-lift system.

Storage of Fruits

:nrgddl::;ion of horticultural produce is limited by certain climatic conditions
In this xgh Pt:) per storage of fruits; the availability of the produce is extend
preesendis oyt: frl;tsleaso(glul;‘)m'le t;;:u:es all('e ensured 1o the fruit growers and ¢

In the market is avoi e othef
hand are able to get fruits at reasonable pric:xded. g es



Factors |nnue;|cinlg storage: In genera| horti

e amount of water as compared to cereals. Fruits g i
about 85% and 95% moisture content rcspcc(‘il\!:v;*l;r ;J\lltlst;:r:(ir:flé‘::::l‘i’I:q .L (:n::;m.
are living tissues and the act of harvesting upsets the balance of living eﬁc S
existing during the growth. The physiological processes like pho’:o’: )c"e]sse_s
and water uptake stop in the harvested produce but the lrz:nspiratior;y(rI‘0925|sf
water) continues. The development of certain diseases can pr(;grcﬁs unhindcr:d
and the chemical f:hanges progress rapidly (starch to sugars): Any storage
procedure should aim at slowing down, regulating or preventing these changes
taking place.

Following factors are associated with Storage of fruits,

Cultural produces contain

1. Temperature

Fruits are alive and they continuously carry on respiration even after harvest.
The faster a fruit respires faster it ripens, Therefore, the basic objective in the
storage should be to keep this destructive process minimum. This rate of
respiration can be controlled by temperature. Low temperature can also slow
down the respiration considerably and prolong the storage life of fruits. Each
fruit has a specific critical temperature which has to be determined for
successful storage.

2. Humidity

As fruits and vegetables relatively contain a large percentage of moisture,
maintaining a high humidity during storage will minimize transpiration.
Otherwise the produce will shrivel and lose quality. A relative humidity ranging
from 85-95% is essential.

3. Storage atmosphere

Inaddition to oxygen and carbon-di-oxide, other gases may affect the storage
of fruits or damage the fruits. Ethylene gas which is released during ripening
of fruits will hasten ripening of other fruits also. CO, is continuously produced
by the respiration of the produce kept in the storage and may accumulate to
a dfmgerous extent. This storage atmosphere can be improved by ventilation
which means introduction of outdoor air into the storage room. Ideal storage
‘emperature and relative humidity for some of the important crops are given
In Table 11,1,



11 nt for jmportant fruits and vegetableg

jremel -
MW = Relative humidity ‘J,T,j;m
B Ntorage 1, L e
Jruit/vegelans 020 85-90 4-8 mnmh‘\
Apple 020 80 :: i Weekg
Grepe> 020 e 24 weekq
Peaches 020 85")(: 4-8 Weeks
[l;lums 3 125145 85-—3; 3 weekg
M:::‘ngnoes 0.0-100 3;:9(.) l-‘s Weeks
6rangcs 6.0-6.5 80-85 S bl
Papayas 4560 . % - Weeks
Guavas 9.0-100 5_90 -I OWetks
Tomato-ripe 0-4.5 g;% : 30 days
Tomato-mature green 10.0-15.0 ’ days
Peas 0-0.5 o 2:0oehs
Methods of Storage

1. Air cooled storage: Fruits are placed in racks in the insulatipg
building. By keeping the ventilators open at night to admit the coq|
night air and shut down during the day to keep off the warm dry aj;,
the storage rooms can be kept cool. Fruits should not be heaped hy
spread at racks. Affected fruits should be removed.

Air cooled storage-refrigerated with ice: A few storages are filled

with ice and salt and equipped with 1ans for quick cooling of the frui

during warmer periods. i

Treating with wax emulsions: In the absence of cold storag

facilities, certain fruits and vegetables can be stored by this method

Fruits are dipped for a minute in a wax emulsion and dried completely

for 10 to 15 minutes.-

4. Refrigerated storage: It has many advantages. (1) Prompt coolin2
of products. (2) Maintenance of optimum relative humidity (3) @
even holding temperature with 1.0 to 2.0°C fluctuations. (4) No need
to depend upon the external conditions of air, their movement etc. ¢
(5) Most efficient and scientific way of storing, Refrigerated storagé
involves the use of refrigerant. It is a liquid that evaporates of _"0‘}’
:‘:f:‘f":;::“:“?ls and relatively at low pressure. When the l};l“i
abso%bs heatof‘rs and changes to gas in the storage room Cf";@

e om the stored product. The gas with the heat iS
:IE(:ndoeL:; re v::‘l?ige room where ?t is compressed and passed th"°
ich absorbs and dissipates the heat and then ch

[¥)

=]
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7.

the gas back liquid for re
. peated use, Refri
.Freon. ammonia and methy| t‘hlu:li:f: R.“““k"mnh commonly used are
and not toxic but le ke Freon is most popular. ode ks
and : aks are difficult (o loc popular, odourless
if it escapes in large quantities, T} ocate, Ammonia gas is mﬁc.
and relative humidity to store t‘}{m 1e commonly used lcmpcrm;lm
Table 11.1. s and vegetables are furnished in
5. Controlled atmospheric s
; storage (C
0, supply available to the ('ruit[:lmc(i hés storage): By reducing the
around the fruit or by loweri ¥ increasing the amount of
y lowering the tempers fCO,
can be slowed down in fruits and ve perature, the respiration rate
above principles is involved in ‘hegetables./\ combination of all the
Sometimes, oxygen is replaced b ni:: Omrol_led SfSphers Arages
can be stored in CA storage wi{h ‘(r)&:gen 8 9% A . ok
temperature of 4°C. A modification % of CO; and 11% O, with a
o ws e sl in the controlled atmospheric
produce. This method is known as 'hp'res;ur? Gau t.he e
method, all partial pressures of th s (o) e
* o the various gases including water
apour are reduced. This atmosphere reduces the respirati
ethylene synthesis (a gas which hastens ripening) aﬁdr:;: lmtnmll' “;:C-
metabolic processes. Clife of 1 iy
r ; processes. Therefore, shelf life of many fruits and vegetables
including ornamental flowers get extended.

}?ecenlly in modified atmospheric storage method maintaining the
relative humidity at 90 to 95% is recommended for the storage of
green ve‘getable.s and other root and tuber vegetables to prolong the
storage I]fe. This method reduces the loss due to decay and moisture
evaporation.

Preservation by irradiation: Potato, onion, garlic and other root
crops lose their commercial value by sprouting or rooting during
st9rage. These processes can be delayed by irradiating the produce
with gamma rays. Potatoes treated with 10 KR of gamma rays prolong
the storage life upto one year with least loss in weight. In small onion,
gamma ray treatment keeps the bulb fresh upto 150 days in storage.
This irradiation treatment also checks the infectivity of storage
gathogens. [rradiation at low dose levels can delay ripening and over-
ripening of tropical fruits like bananas, mangoes and papayas, when
treated mature but unripe. Various studies conducted at BARC have
revealed that at ambient temperature, shelf-life of irradiated mangoes
(0.25 kGy) is enhanced by 57 days and there is an increase of about

) y dhe
ten days in shelf-life of bananas when irradiated at 0.25 10 0.35 kGy-
By use of chemicals: There are certain chemicals other than
fungicides which increase the shelf-life of fruits by delaying the ripening
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te. an ethylene ab,
s crmangﬂ“ﬂ. ) S0rhe
h lcc(:\c pags. Mangoes dipped in 1000 to 209q ity
sealed polyethy delays ripening- Storage Bis of citrus frujty iy me'n U
Maleic hydrazi and 2.4.5-T. The storage potentig| l‘:lim
iy

° 1 ation of 24 :
. pllcﬂﬂg:n(: on the level of calcium. Any other numemsW
n ; ;

b the calcium content als® adversely affect the shelf jig, ofm'
distur

P and Mg and low levels of ¢ e

its higher levels of N, P an ev :
rmuh‘l:hlie cgalcium deficiency in fruits and reduce its storage 4
|Ce:;jcsium treatment delays ripening and senescence and improye o

g Oveg
quality of fruits and vegetables. Pre-harvest spray of Calcium g,
(0.6%) and Calcium nitrate (1

%) helps in the enhancement of i
' i lication is know. .

> and guava. Exogenous calcnum. application is kngy,

life of mango g t in molecules in the middle men b

i rated into protopec ules in the mid
E:;'mydmlysis during post harvest ripening, inhibit fruit sofey,

and extend storability of fruits. ‘
8. Evaporative cooling (cool chambers):  Evaporation of way

produces a considerable cooling effect and this Fvaporative cotl
occurs when air that is not already saturated with water vapouj
blown across any wet surface. Cooling chambers work on
principles of evaporative cooling. This structure essentially contaix
a single layer of bricks as floor and a double layer of bricks as s
wall with an interspace of 7.5 cm wide filled with river sand. Thety

- of the storage space is covered with plaited vetiver roots or gum
cloth in a bamboo structure (Fig. 11.1). Once the cool chamber
saturated with water, sprinkling of water once in the morning
once in the evening is enough to maintain the temperature and humid
These storage chambers maintain a very high humidity of about 93h
throughout the year and it can reduce the temperature during sum™
months and increase the temperature during peak winter ™
These chambers are ideal for storage of fresh fruits and yegetables f‘
a short period. Firm ripe mangoes can be stored upto 10 das

against 4 days under room temperature. Similarly, citrus fruits

gr-a]pefrun and orange can be stored upto 60-90 days as comper®

5 days in ambient room temperature.

Ripening of Fruits

Ripeni .
attrp:cntlinvge ut:;if:ﬁgs a ph}'SIcally_matute but inedible plant organ into 8 P’“°‘
and commencem smell sensation. It marks the completion of develd it
irreversible ev em-Of Senescence with life of a fruit and is N ‘;ﬁ
ent. Ripening can be achieved by the application of e
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Figure 11.1  Cool chamber.

Accurate quantity of ethylene should be used in the ripening room at
regular intervals. A concentration of CO, above 1% delays ripening. Hence,
thorough ventilation is essential. By use of Ethephon commercially known as
ethrel or CEPA (7 fluid ounces release 1 cft of ethylene), making it alkaline
using caustic soda (3 g of caustic soda for 20 ml of Ethephon). Calcium
carbide can also be used for ripening (100 g for 100 kg fruits).

DEGREENING

Degreening is the process of decomposing green pigments in fruits usually by
applying ethylene or other similar metabolic inducers to give a fruit its
characteristic colour as preferred by consumers. It is applicable to banana,
mango, citrus and tomato. The time required to degreen a fruit depends upon
the degree of natural colour break and maturity. The higher the green colour
and more mature a fruit is, the less time is required to reduce the chlorophyll
to a desired level.

Degreening is carried out in special treating rooms with controlled

temperature and humidity in which low concentration of ethylene (20 ppm)

is applied. The ethylene should be supplied from a gas cylinder. These rooms
level below 1% which does not

are thoroughly ventilated to keep the CO;
allow higher colouring.



Preservation of Fruits
and Vegetables

Most fruits and some kinds of vegetables are available during specific seagy
at a cheaper rate and during the other seasons they may not be availahiey
available in a limited quantity and hence they may be costly. Their availabi
can be extended by cold storage but it is highly expensive. Therefor, it
essential to preserve the fruits and vegetables by some means so that they
be made available in a form throughout the year. The spoilage of fruitsa
vegetables are caused by microorganisms like moulds, yeasts and bact
So, any preservation technique aims at preventing the above type of spoilzs
Several types of preservations are used and are discussed briefly here.

1. Drying
Sun-drying or mec.hanical drying of fruits and vegetables involves c°“!“'f“
:’emov.a] of the moisture from them. They are then treated with sulfur foe®
0 maintain colour and also to avoid spoilage by microorganisms: 2

grapes, jack, peaches, beans bitter gourd H - etc..“
2 4 0 tatoes
preserved by this mett ) £ , garlic, onions, po

2. Freezing

When fruits and v, f
ege .
at which all the chge tables are brought suddenly to a very low temP
equipment and shj mical reactions stop. But it requires rathef %
PPIng and storing under refrigeration.
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3. Preservation by heat

It consists hasi?ally of the application of heat b B

in closed containers for a sufficient ok et “etr!’rﬁ"tg.dcgvcc to the food

are hermetically sealed. This method of DR Tty

as processing. Canned fruits and vegetable come undc}r II)I:‘: :“2::)‘;"““‘“
S ¢ .

4, Preservation by sugar

No organisms can grow in a substance which contains sugar concentrati

aboVE‘65% as mlgroorganisms get desicated at higher concentrcz:':)mfogs
osmosis. Jams, jellies, marmalades and crystallized fruits are e y'
virtue of the above said principle. ki

5. Preservation by salt

A product which.co'mafns about 15% salt makes it most unfavourable for the
growth .and multlgllcatnon of microorganisms. Salt acts both by osmosis and
as a poison on microorganisms. Pickles are preserved by this method.

6. Preservation by chemicals

Chemicals like benzoic acid and sulphur-di-oxide at specific concentration
help to preserve the fruit juices, squashes or cordials. Benzoic acid in the form
of 0.06 to 0.10% sodium benzoate is sufficient and is effective against yeast
and its action is effective in the presence of CO, Potassium metabisulphite
(KMS) when added liberates sulphur-di-oxide which reacts with water to
form sulphurous acid. The concentration of SO, is recommended around 350

ppm. It is more active against moulds. spores and bacteria.

7. Preservation by fermentation

Fruit juices containing sugar are fermented to produce alcohol. These fermented
substances keep off the spoilage organisms due to the presence of alcohols.
e.2., wine making. Methods and techniques involved in the preparation of
selected products like jam. jelly, squashes, syrup and pickles are discussed

below.
Jam

Jam is more or less a concentrated fruit pulp possessing a fairly heavy
body form. It is rich in flavour. Pectin in the fruit gives it a good set. It contains not
less than 68% soluble solids and thus high concentration of sugar
facilitate preservation. A jam manufacturer can choose fresh fruit,
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sulph.ltﬁf 1t being 1€ ular suppl?ﬂ Good fruits fn:a?- 0.1 any damage iy
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f the fruits for jam making:

Preparation ©
be washed thoroughly to remove any adhar:
Y adhering g v

1. The fruit must
dirt.
2. Leav

removed. e
3. Fruit is then subjected to preliminary treatment which vy

fruit to fruit. For instance, apples are peeled, cut into pieces gy "
pulped. Strawberries are crushed between rollers but in su,:fn'
like peaches, they are Iye peeled (i.e. dipping the fruits in boil h

few minutes to facilitate the removal of the skin) and stones i"h
removed and the pulp is cut into pieces. ty

es, stalks and other undesirable portions of the e
Mg
&

Addition of sugar - ;

Cane sugar is generally used. Preparation of sugar to be added depends gy

the degree of ripeness and acidity of the fruit. To get a minimum of 613

of sugar in the jam, generally 55.0 g of sugar is added to every 430 goffu.

The finished jam should contain 30 to 50% invert sugar or glucose to 2

f:rystallimtion of cane sugar during storage. If the percentage of invert sz
is le.ss than 30, cane sugar may crystallize out and if it is higher than %
the jam becomes gummy and sticky. Corn syrup or commercial glucose
be used to avoid crystallization.

Addition of acid, colour, favour

g:m:ry:: °;:imrif”0r maleic acids are used to supplement the acid'ﬂb_‘d

e inati'on or;l ng, if _the fruits are deficient in acids, because 3%

good result is ob‘tzm:’ sugar and acid is essential to give 8 set (0

s nu: defghe pH of mixture is about 3.0. Only perm!

B o , if necessary and these should be added 1% 0¥

if desired, may b o ey, jams do not require additiono'
ded when jam boiling is nearing completio™ g

sugar mixture are boi
also to bring abouttmnellec::o concentrate the soluble solids t0 80 it
soluble solids is eas ary degree of inversion of sugar. D™ i

54 ily carri
is in progress. A Y carried out by using a hand refractomete W.L:,‘:M

sample of the boiling mixture is taken and i

T—
cooled.
directl;
soluble

pack
Soon i
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jed. A portion of l.h‘e cooled material is squeezed through a muslin cloth
girectly on xo.the prism of the refractometer and the percentage of total
coluble solids is read directly on the scale.

P‘ck'ﬂg

d point is reached, the j I ~ i i
soon after the en isre he jam s 10uld be cooled in cooling pan
10 about 93°C and filled m.to jars at this temperature either mechanically or by
pand. The surface of the jam in the jars should be covered with a thin disc
of waxed tissue paper and allowed to cool. The jars should be stored in a dry
place-.-'ams can be prepared from fruits like apple, tomato, papaya, strawberry

elc.

Jelly

Injelly making, pectin is the most essential constituent. This pectin is present
in the cell walls of fruit. While boiling, precipitation of pectin causes jelly
formation. Precipitation takes place only when pectin, acid, sugar and water
are in definite equilibrium range.

Fruits for jelly

Many fruits are rich in pectin as well as acid and are thus well suited for jelly
making. A fruits rich in pectin but deficient in acid may be combined with a
fruit deficient in pectin but rich in acid or vice versa to make a good jelly, the
only drawback being that the flavour of the jelly is affected. Apple, grape,
guava, lemon, orange. plum are examples of fruits rich in pectin and acid.

Selection of fruits

The fruits should be sufficiently ripe (but not over ripe) and should have good
flavour, Fruits are washed thoroughly with water to remove any adhering dirt.
Such selected fruits need not be peeled as in the case of guava and apple while
fruits like lemon and oranges require peeling before they are used for extraction
of pectin.
Extraction of pectin :
Only a minimum quantity of water should be used to the fruit for a simple
eXtraction of pectin. If necessary a second or even a third extraction may also
taken and these extracts may be mixed with the first one. The amount of
VAT 10 be added would depend on the kind of fruit and usually it is added
Tate of 1.5 kg to a kg of apple and 2.5 kg to a kg of oranges or guavas.
' the case of grapes, no water is added, the fruit being boiled in its OWn
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n////::;ac‘ed in cold do not contain the :
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-uices.‘F"“" juices do not form jelly. To get the desireq Pecti irgy.

ofpef:J:l :::u:ld pe cooked. The cooking time also varjeg fr:rr:!f?:?“:;
rsiven below: B Time I mi M

Apples e

Grapes 5-10

Plums 15-20

Oranges 45-60

e 20-25

Guavas 30-35

The pectin extract obtained can be clarified by allowing to seq
and the supernatant pectin liquor separz'ated or it may be filteeg b
muslin cloth. For boiling, copper and iron keqles should not g |
obvious reasons viz., reaction of these metals with the acids and gy »
fruit. Aluminum vessels are satisfactory for this.

Pectin requirement

Usually about 0.5 to 1.0% pectin of suitable quality in the extractis i
to produce a good jelly. If the pectin is in excess of this, a firm and touy
is formed and if it is less the jelly may fail to set. Pectin, sugar, acid i
must be present approximately in the following proportions:

Pectin 1.0%
Sugar 60-65%
Fruit acid 1.0%
Water 33-38%

To the volume of the pectin extract, equal quantity of sugar isall

ol be sprinkled o th fruit extract while it is bolng 99%
scum whiil:n :(ed by stirring to ensure complete dilution. Duriné

S€s to the top is removed.

Cooking of Jely

The mixture is bo: L

brix reaches lﬁsssot:led for about 20 minutes and the end point ® mla:lw

test. In this case son& “he &nd point can be also determined o
ME Portion of 3 iellv ic taban in a laree S
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glightly. It is then allowed to drop. If it dro
concentration or if it falls in the form of f1
peen reached. Jelly is then cooled

—  m

[l:s like syrup, it requires further
it akes or a sheet the end point has
shightly and poured into hot and dry containers

Marmalades

They ate similar mjc‘lly in all respects, the only difference being the i

the peels of Alhc fn.nls.. The shredded peels previously hoileﬁ in y\:-zmm:“
remove the bitter principles are used to boil along with 'pcclin—ﬁu sar ¥ e‘r 5
Marmalade preparations are common for like oranges. sugar mixture.

Squash
Preparation of grape squash or pineapple squash is given below:

The stalks are removed first and the fruits are washed in cold water. In
the case of pineapple, the skin is removed and cut into pieces and they are
washed. The juice is extracted in a pulper. Required quantity of sugar is dissolved
in water. Add citric acid and they are heated to boil. This sugar syrup is
strained with a muslin cloth and cooled. Juice is added to the syrup and mixed
well. Sodium benzoate (for grapes) or potassium meta bisulphite (for pineapple)
is dissolved in a little quantity of the juice separately and mixed well with the
squash. Essence is then added and stirred well. This squash is then filled into
already sterilized bottles leaving about 2 to 2.5 ¢cm head space and the bottles
are then sealed with a cap. These bottles are to be labeled and stored. This can
be diluted with water in the ratio of 1:2% and served. Normally squash keeps
well for 1 to 1% years without much change in colour and taste.

Squashes can be prepared from oranges, grapefruit, lemon, lime, mango,
jamun, passion and peaches. Fruit juice is often clarified by adding gelatin and
tannin in proper proportions. Such clarified fruit juice is mixed with sugar,
water, colour (if necessary), preservatives and the mixture is then filtered
using a filter paper. Such clear solution obtained is known as ‘cordial’ and
lime juice cordial is very often prepared. Sugar is added in syrup form. The
quantity of preservative added to the original juice is taken into account while
adding the preservative to the cordial. Colour should be mixed in very small

quantities.

Syrups

Syrups of strawberry, pineapple, oranges, mulberry etc., are very popular as

summer drinks in different parts of India. They are generally prepared from

eXtracts of natural material or by using artificial flavours and colours. These

are added to heavy sugar syrups of 70°-75° brix. The syrup is prepared by
ing sugar in water to which a little acid is added to invert the sugar
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Salt

Vegetables do not fer
is prevented by addi

n covered with a large amount of sl g o

ferment whe
are

ng sufficient amount of common sal.l bringiné ‘l;m;%

entage in the material to about. 15 to 20. At th.ls high cOncem,;‘
mould and lactic acid forming bacten? do not grow. ThlS. method of presen y
is applicable only to vegetables which contain very little sugar,

Vinegar

It also acts as a preservative in pickles. The final percentages of acig -
1ot be below 2. To avoid dilution of vinegar by water from their tisse
vegetables are generally put in strong vinegar of about 10% concentrsiy

Lactic acid

Lactic acid forming bacteria can grow even in the presence of 8-I0%
common salt and when this lactic acid is formed in sufficient quanit &
lactic acid bacteria ceases to function and any further change in the composis
of the material is prevented provided it is air-tight.

Pickling process
Pickling is done in two stages viz.,

1. Drysalfing: The vegetable is prepared, washed thoroughiy 1%
cold water, drained and weighed. For every 100 kg of th® pﬁwf:
:;geta:les 3 kg of salt is used. The vegetable is placed about ¢
hi gha:f' S s‘;mall quantity of salt and another layer of vege® A
the saltls‘s P aced This process of keeping the vegetables and spU it
vegetablls continued till three-quarters of the barre! full: Toeke g
Sl s:: Sea]ed With a cheese cloth and placed 0Ve & il
il d:y Weight to the vegetables placed in. The conti® of
fime, s fmll;:ace and fermentation is allowed t0 P’°°,eed' W

the vegetable forms the brine converi"™®
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mass. Fermentation then starts and is us

8-10 days. This may be confirmed b
2. Fermentation in brine:

ually complete, in about
Yy tapping the containers gently.
Soaking of the vegetables in salt solution
of predetermined concentration for a certain length of time is called
brining. This treatment is given only to vegetables like cucumber
which do not contain sufficient juice to form brine with dry salt.
Brined vegetables will keep in vinegar for a long time.

In India, several Kinds of pickles (mango, lime, chilli, cauliflower, b?elrot?t,
onion etc.,) are sold in the market. Oil pickles, which contain some edible oil,
are also highly popular.



Plant Protection

Innumerable pests and diseases attack plants and cause considerable losses
In this chapter, a general account of important causative organisms and the
control measures are discussed.

INSECT PESTS

The term ‘pest’ is used very broadly to insects, other invertebrates lil
nematodes, mites, snails, slugs etc. and vertebrates like rats, birds, jackal et
hat cause damage to crops, stored produce and animals. Among them ins
vests are more important and they inflict injury to plants either by directly
ndirectly in their attempts to secure food and almost all portions viz., the ro
tem bark, shoots, leaves , buds, flowers and fruits. They cause injury to:

lants by anyone of the following methods:

1. Injury by chewing: Insects which cause this type of damage ct
off external parts, grind them up and swallow them. Larvae of diffes
kinds of insects like moths, butterflies, beetles, weevils etc., cause
above type of damage.

2. Injury by piercing and sucking: The insects which cause
type of injury remain outside and with the mouth parts pierce thro
the epidermis and suck the sap. Aphids, psyllids, thrips, leaf hopr
mealy bugs and scale insects cause injury by sucking and hence
are generally known as ‘sucking pests’. As a result of suckin



130 W e o
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general chloros® in the case of damage by aphids,
portions are observe Thrips cause silvering or whi!cning of

3. Injury by sucl::‘eg-removal of cell contents below the €Pide
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surface due to . tooi S : A
- mature Sheddlllg S S is ¢ llsed

Sometimes. pre il of deve oping Ir

i Lintemnlly: The intemal feeders caus

4. lﬂjun’ bV:“"’:::m the plant liss.ues during a part or a”lof the;
by remaini 2 This is accomplished by the adults lhrlxsung 0 i
destructive stages. ir ovipositor or by the larvae eating the; e
eggs into the tissue by thelr OVIPO hei al feeders incl T Way
in. after they hatch from the eggs. T e intern include by, :
grubs or weevil, leaf miners and gall insects. When the larvae feey o
the wood o pith of the plant which may be generally large enqy
contain the body of the pest, they are referred to as borers. The Tarvae
may bore into the terminal shoots and cause death of the shogyg
Grubs of weevils are also borers in flower buds and fruits inclyg;
nuts and seeds. The larvae of those bore into flower buds and cays
shedding are usually called bud worms. Leaf miners are also laryg
but being.very small in size, they live in between. the two epidemy)
layers of the leaves and feed on the food materials inside. Certaiy
insects in their immature or adult stage cause the formation of specis|
plant deformities known as galls and these galls provide shelter ang
food to the insects. Due to the formation of galls, the growth of the
plants may be impaired and also the setting of fruits and seeds.

5. Injury by subterranean insects: Insects which are found in the
soil live by feeding on the roots of plants by chewing or boring or
sucking the sap or forming galls. Apart from the above type of
damages, they may make harvests more difficult or reduce the quality
of the produce or may be responsible for spreading many plant diseases
caused by bacteria, fungi, MLO and viruses.

Methods Adopted for Controlling Pests
The control of insect pests falls under following heads:

(a) Legislative: By which the Government prevents the import g
produces infested with insects, which if introduced into this countr
w?uld _become local pests (e.g. potato tubers with nematodes)-

(b) Biological method: The successful control of a pest species 4
means of another living organism that is encouraged and disseminat
by man 15 called so. It is inexpensive and as long-term control, €%
no pollution and poses no risk to human health. Biological agen®s



N

vailable in nature abund 7 Severs
:uch ey pol)hedmi‘::“:,r:::;r;‘v';d;:,‘:;gem ind'udir'\g viruses
o 13 STHE R ; granulosis virus (GV)
bacteria like Bacillus thwringiensis, fungi \ike Metarhizi )
like Schizogregarine cause diseases in inscclsl to deqt:”un. pmtn/nva
i oy them. Thi:

method has been successfully used to control many imr is

in a number of economic crops. S TRVLETFONS
The other blOlOglCﬂ! m-cﬂ?od of control involves the use of parasitoids

3"‘? bl parz}snmd 1s an organism which completes its life on

g smgI.e .hOS( aid .""""‘“e'Y Kills it. A predator, on the other hand is

a free living-organism and kills the host (prey) immediately and requires
more than one prey ln(?wnduals to complete its life. If the parasitoid
attacks the egg stage c.)t the host, it is then called egg parasitoid, (e.g.)
Trichogramma Chll.f"fh\‘ on bhendi borer. When they attack at the larval
stage of the 'h°5" it is then called larval parasitoid, (e.g.) Apanteles
plutella on diamond back moth caterpillars in cruciferous vegetables.
The predatory group of insects capture and consume another insects
as their food (e.g.) green lace-wing, Chrysoperla cornea whose grubs
and the maggots of Syrphid flies dramatically exert control over
several aphids in many crops. The adults and grubs of ladybird beetles
such as Coccinella septempunctata, Menochilus sexmaculatus,
Brumoicles suturalis and Scymnus nubilus play important role in the
population regulation of several sucking pests and defoliating insects.
(¢) Cultural methods: The control of insects through adoption of
ordinary farm practices at appropriate time in such a way that the
insects are either eliminated or reduced in population is called the
cultural method of control. Proper crop rotation or tillage operations

may help to keep down the insect population.

Some early crops are Sown in narrow strips around a major crop
to serve as a trap for the pests that might be common to both. For
instance, sowing of mustard in every twenty fifth row of cabbage
crop will help preventing higher incidence of diamond back moth in
cabbage and cauliflower and the preferred mustard plants can be cut
and destroyed when the pest appears. This practice is called trap
cropping.

(d) Mechanical method: Mechanical control is one by which the insect
population is directly hit by mechanical devices or manual operations.
Mechanical devices include using fly and maggot traps, setting light
and bonfires to attract adult moths and beetles. Manual methods
involve hand picking of egg masses, larvae and killing them. Mechgmcal
exclusion consists of the use of devices by which insects are physically
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y. / Insecticide is a substance or

butterf] nsecticide:

use of i I TH i /i X
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i . .1 i referred as a ‘repellent’ if it py Seyy
The .ms?c“:::zklisn:its host. an ‘attractant’ if (hr; e;:;:‘i lhe. Py
:t;p:acéf:dl:‘o source, trapped and an “antifeedant’ if it jnjppg o
on the host. The insecticides are available in any one of the ft)llo‘\Irg
formulations: y,
(i) Dusts: The toxicant is dilut?d by mixing with or by impfegnan
" a suitable finely divided carrier. The carrier may be organic ﬂ"l
clay. The toxicant in a dust formulation ranges from (5 0 2::
(e.g.) endosulfan 4 D, malathion 5 D. S
(ii) Granular or pelleted insecticides: In a granulation the Pariics
is composed of a base such as an inert material or vegetable cartiy
impregnated or used with the toxicant which is released from e
formulation in its intact form or as it disintegrates giving coniroli
release particles in the formulation generally possess a size range i
0.25 mm to 2.38 mm diameter. The formulations contain 2 to |(4
concentrations of the toxicant (e.g.) carbofuran 3 G, Phorate 10¢
(i) Wettable powders: It is a powdered formulation which yield
rather stable suspension when diluted with water. The acti
ingredients in such a formulation ranges from 15 to 95% (e.g.) BH
50 WP, sulfur 25 WP. '
(iv) Emulsifiable concentrate: The formulation contains the toxicafll
solvent for'the toxicant and an emulsifying agent (e.g.) endosul®
35 EC, dimethoate 30 EC, fenvalerate 20 EC. ’
(V) Concentrated insecticide liquid: The toxicant at h_‘g,“"
concentrated level is dissolved in non-volatile solvent. An Cm“‘s’f?“?
agent is not added here (e.g.) monocrotophos 36 "
_ Phosphamidon 85 wsc.
(vi) Fumigants:
lemperatures
ethylene dj b

; o
A chemical compound which is volatile Ozdl:.cv'
and sufficiently toxic is known as a ﬁ’m'g-adn ®

romide, methyl bromide, aluminium phosPh'®

Plant Protection Appliances
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d for /i P :
that are Use applying dust formulations of pesticide
y are either manual or power operated S Wb Satied dlatny

The spray fluid may be a solution, @ 3
To achievs an effective control c:f‘;:;d:}‘\: l::,‘:::(;:‘ of & suspension toxicant.
meet this requi.remenl the spray fluid is blu;’vn‘dt)\‘:nwlilllth"lhumd el
spraying machines may be either hand operated or pow::e dr‘()'plc‘ljs. The
Comn?only 'e mployed manual operated sprayers are knapsack s UPL o sl
or Pneumatlc) and pneumatic hand sprayer. Rocker s fa 'L ol e.r ¥ emmuie
rees and pr}eumatic hand sprayers are helpful to spr:v i?\eé:g‘:n?%lf:‘cfm lé"
operated mist blowers are useful in field to cover more area in aIimitej ?i\'r:';'
A spray volume of 150 to 200 / water is necessary to cover one hectare o.f
jand with power operated high volume sprayers but high volume hand sprayers
jike knapsack sprayers require about 450-500 / water to cover one hectare
Insecticides should be applied in the morning or evening hours when the
weather is calm or else they will fall on unwanted areas and also may not hit
the target. Before applying insecticides, it must be ensured that there are no
pollinators (like-bees) in the area; for the same reason insecticides should not
be applied during blossoms when bees are likely to be at work. After application
of insecticides a time lag (7—10 days in case of organophosphorus compounds
and 20-30 days in case of organochlorine compounds) should be given before
consuming the produce. During this period, the insecticides will get degraded
and become non-toxic.

Non-insect Pests

Besides the different kinds of insects which damage crops, mites, rats, birds
and nematodes cause damage to crop plants.

(a) Mites: Mites possess four pairs of legs as against insects which do
have only three pairs of fegs. In recent years the mites have become
major pests. They cause damage by way of sucking the cellular
materials by forming severe deformities. The chemicals which are
used to control the mites are known as ‘acaricides’. Sulphur, ethion,
dicofol, phosalone and propargite are commonly used as acaricides at
the rate of 15-20 ml per 10 litres of water.

(b) Plant nematodes: Plant nematodes are small organisms which live
in soil around the roots of plants. They are about 0.1 to 1.0 mm in
length, They are confined to the top 20 to 25 cm of soil, sometimes
even to a depth of 3 to 4 m. They spread from one field to another
through percolating water and agronomic practices Jike ploughing and

weeding which involve transport of soil. Most of the symptoms of
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Commonly used nematicides are DD mixtl!re, dibromoethane, dibrog
chloropropane, thionazin and aldicarb. In Tamil Nadt{, nematode infection
a devastating problem in banana, citrus, potato and in vegetable crops fiy

tomato, chillies and brinjal.

Integrated Pest Management (IPM)

IPM is a new system approach which has been necessitated primarily outof
the growing concern about the undesirable side effects of large scale usef
inorganic insecticides and often failure of the same to provide for suppressiv

of pests at economic leve

1. Attempts to totally suppress the pests by insecticides

may lead to the following problems:

* development of

resistance to chemicals in pest population

* outbreak of secondary pests

* resurgence of treated populations

* unacceptable residues on food and forage products and associek
legal complications

* destruction of beneficia insect predators, parasitoids and pol“"“?"“
ha?“fds 1o personnel involved in insecticide application. domesl¥
animals and wild life: and o

* expe A PR , ;
Fetse of pestiides, involving the cost of materials, 1200

maintenance of

control methods are s¢ ¢
factors in order to opti

€quipments.

Thus in any [p el 2
m Y IPM programme, the ecological factors are. exploﬂe‘;ﬁ,‘

es'igned that they are compatible with nat
12¢ contro|,

Y
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i plant Diseases

ungi- pacteria, \'l.rUSCS anAd flowering plants cause infectious diseases. Th
diffe“’"l group of plant c!h'ensu‘f caused by the above c;.usgmg ‘.ﬁen{g ari
di“ussed pelow along with their control measures, <
p.mp“‘g'om The palhoge{\ infects the collar region of the plants which
s in collapse and death of young seedlings. Generally, fungi like Pythium
phytophthora. Fusarium :\n({ Rhizoctonia are responsibic for this. De‘mpingl
oﬂ:ﬂ’ pre- emergence stage kills the seedlings before their emergence over the
<oil surface. If it manifests at post-emergence stage, the infestation is usually
initiated at ground and soft, water soaked areas appear on the young stems.
with advancement of tl}e disease, the stem gets constricted and ﬁm'ally collapses.
High moisture and thick sowing of the seeds favour the incidence of this
disease. This is very common in vegetable crops like tomato, brinjal, chillies
and cucurbits and ornamental plants in nurseries.

The control measures comprise of the use of seed protectants (like Thiram
or Captan 2 g/kg of seed) to avoid pre-emergence infection. Drenching the
<oil with any copper fungicide at the rate of 2.5 g per litre of water at 15 days
interval will control post-emergence incidence of this disease.

Rots: Rotting of plant parts is caused by a large number of fungal and

hacterial pathogens. Fruits, bulbs, tubers and roots are the main targets of

attack. The rots may be distinguished as dry rots and soft rots based on the

degree of tissue-disintegration, lesser in the case of former one and more in

Jatter one. Rhizome rot of ginger, root rot of turmeric, bud rot of arecanut and

coconut palms and stem rot of papaya are some of the examples of rot
diseases of economic importance. Most of the fruits suffer with soft rot
diseases which are more common during post harvest period. In all these
cases, small water soaked areas appear on the host surface which enlarge
rapidly and the affected tissues turn soft and pulpy. Rot affecting the stems
and roots can be minimized by maintaining proper drainage, Drenching the
soil with 0.25% copper fungicides will also check infection. Rot affecting the
fruits in storage in the godowns and warehouses may be checked by
Maintaining proper sanitary conditions and spraying with antibiotics like
stteptomyein (0.1%).

Downy mildews: In the lower surfaces of the infected leaves a white or

&y downy growth is normally seen. This disease is more common in grapes.

15 caused by the fungus Plasmophora viticola. This can be controlled
Spraying 1% Bordeaux mixture or any other copper fungicides.
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1 powdery mildews are easily recognizeq b

powdery MIIEWS jant, Powdery mildew infected plant g ey,

wdery c?atm%kaves. surface necrosis of mfc_ctcd tissues, decling :“'ﬂ;\

and distomonz This disease infects Crops like grapes, apple cugrh,
: > Clg

and defoliatio annuals. This disease is caused by fype: , Uty
roses and few Z,;n:,;;:wgl"Ci"uIa' Podosphaera, Sphaerothecy, g;’ b'ellacgh*
to the gefl};:;a powdery mildews are controlled effectively py hu,%
a”:cL:r;:in other fungicides. Wettable sulphur (2 @/lit), Karathan, ared,“
an ded to control this disease. For cucurbits, sulphur dyg e .&y
recommien ble sulphur alone to be used. Tridemorph hgg alsoti

. H m
F::,:ddei I;:tf:?gé:::'e against powdery mildew in many crops,

Sooty mould: It occurs as a black thin crust coYering the leaves, ¥
stems and blackening the fruits too in particular kinds of trees ang play
such as the citrus, mango, sapota, guava which are attacked by sucking pg
like green bugs. Though the fungi causing sooty mould are only Saprophyi.
growing upon the excreta cast by the insects feeding upon leaves, they 1
harmful since they reduce the surface area available for photosynthesi ¢/
thereby weaken the trees. This disease is caused by the fungus Capnodw
sp. This mould can be prevented by spraying starchy solutions which vi
clear the mould from the affected parts as it dries off.

Rust: This disease can be identified by rusty yellow or brown or &

blotches on the epidermis of the stem and leaves. Rusts are harmful and

are difficult to eradicate once they infect the plants. Attention to plant saniit®
good cultivation and preventive spray are the useful protection mes
Among the vegetables, it is common in beans and peas. Dusting of i
%:;“"d sulphur powder will effectively control this disease, if it is dust® "i
eﬁ::;vt:e appearance of the disease. Spraying mancozeb (2 ¢/it) e



