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3.0 OBJECTIVES

After studying this unit, you should be able to:

understand what is maturity;

distinguish between physiological and commercial maturity;
determine maturity of important fruits and vegetables; and
know harvesting time methods, and equipment.

3.1 INTRODUCTION

The maturity of fruits and vegetables is an indication of the development of the
crop and its progress for becoming a marketable product. Selection of right
stage of maturity for harvest is an important aspect, which has considerable
influence on storage life and quality and final acceptance by the consumer.

Definition

To most of us ‘mature’ and ‘ripe’ means the same thing when describing fruit.
But in post-harvest technology mature can be defined as “that stage at which a
commodity has reached a sufficient stage of development that after harvesting
and post-harvest handling (including ripening, where required), its quality will
be at least the minimum acceptable to the ultimate consumer.”

Maturity can be of two types — physiological maturity and commercial
maturity. Physiological maturity refers to the point in the development of an
organ (e.g. fruit, leaf) or organism (e.g. ornamental plant) when maximum
growth has been achieved and the organ or organism has matured to the extent
that the next development stage can be completed. In case of fruit, ripening can
be considered as the next development stage, preceding the senescence stage.



The commercial or horticultural maturity is the characteristic state of a plant
organ required by the consumer. It is concerned with the timing of the harvest
to meet particular market requirements. Commercial maturity bears little
relation to physiological maturity, and may occur at any stage during
development, maturation, ripening or senescence. Examples of commercial
maturity include bean sprouts (during early stage of development), cucumber
(during maturation) and tomato (during ripening). Chilli can be harvested
(commercially mature) at ‘green stage’ of fruit for ‘green chilli’ market and at
‘red ripe’ stage for drying to be used as spice. At both these stages, chilli fruits
are commercially or horticulturally mature. The term ‘immaturity’, ‘optimum
maturity’ and ‘over maturity’ can be related to these market requirements. To
a green chilli market, a red ripe chilli is ‘over mature’ and to the red ripe chilli
market green chilli is ‘immature’. Some examples of commercial maturity in
relation to physiological age are shown in Figure 3.1
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3.2 DETERMINATION OF MATURITY

Determination of the stage of maturity at which a fruit or vegetable should be
harvested is important for its subsequent quality, storage and marketable life.
Combination of both subjective and objective methods are used to assess
maturity of the produce for harvesting. In the former, the appearance; texture,
smell, taste comprise the criteria. For the later, the instruments are used to
measure colour, °Brix, sugar, acidity, protein, tannins etc., chemical and
physical analyses like determination. These methods can be grouped into
physical, chemical, physiological, computation, electronic etc. based on the
principles used for measuring the various parameters.

3.2.1 Physical Method
Skin colour

Change of skin colour of many fruits is a valuable guide to maturity. There is
gradual loss of intensity of colour from dark green to light green and then
development of yellow and/or red pigment (e.g. tomato, papaya, litchi,
mango). Some fruits like some cultivars of mango, apple, and peach develop
red blush colour (i.e. additional colour on the ground colour) as they mature on
tree and can be used as maturity index. The assessment of harvest maturity by
skin colour changes usually depends on the judgment of the harvester. Colour
charts are used for apple, tomato, peach efc. Instruments are available for
measurement of colour of fruits, and they are mostly used on harvested fruit.
On-line commercial colour sorter is used in many crops.

Shape

The shape of fruit and vegetable can change during maturation and this can be
used as a criterion to determine harvest maturity For example, some cultivars
of banana becomes less angular and more rounded in cross-section. Mango
changes shape during maturation on the tree. The shoulder of immature mango
fruit slopes away from the fruit stalk and as the maturity advances the shoulder
level or becomes raised with the point of attachment with the fruit stalk.

Size

In most crops, size is frequently used to determine when it should be harvested.
Sometimes it is related to the market requirement. For example, if a market
requires a bottle gourd of 30 cm length, the fruit should not be allowed to grow
beyond that limit though the cultivar may be having the potentiality to grow
much longer. In banana, the length or width of individual finger can be used to
determine harvest maturity. Size also gives rise to volume and is often
expressed as weight to determine harvest maturity of many fruits and
vegetables like mango, watermelon, pumpkin. When we divide weight by
volume it gives density (g/cm?) and is used as maturity index in potato. The
size is also used for grading of many fruits and vegetables and machines have
been developed for size grading.

Firmness

As fruits mature and ripen, they soften because of dissolving of pectin
comprising the middle lamella of cell wall. This softening can be estimated
subjectively by the finger feel of commodity. It can objectively be measured
using a fruit hand held pressure tester (also called penetrometer). These testers



measure the pressure at which flesh yields to the penetration of a standard
diameter plunger inserted to a standard depth. More sophisticated tests can be
carried out using machines such as Instron Universal Testing Machine. But
these machines are mainly used for experimental studies.

Specific gravity

Specific gravity is the relative gravity or weight of solids or liquids compared
to distilled water at 62°F (16.7°C). To determine specific gravity the fruit or
vegetable is weighed in air and in distilled water and its weight in air is divided
by the loss of weight in water. As fruits mature their specific gravity increases.
This parameter is rarely used in practice to determine when to harvest, but can
be used as a sampling technique. It is used, however, to grade the produce into
different maturity groups after harvesting. To do this, fruits or vegetables are
placed in a tank of water, those that float are less mature than those that sink.
To increase effectiveness sometimes salt is added to the water at 1% to 2%
concentration.

Aroma

Most fruits synthesise volatile chemicals as they ripen. These give the fruit its
characteristic flavour and can be used to determine whether fruit is ripe or not.

3.2.2 Chemical Method
Sugars

As the fruit ripens, starch is broken down to sugars. Measurement of sugars
can provide an indication of the stage of maturity or ripeness. In practice, the
soluble solids, also called degree brix, are measured in the fruit juice. Usually
the sugars constitute the major portion of soluble solid of the fruit juice. So
measurement of total soluble solid (TSS) can give a reliable estimate of sugar
in fruit juice. This is done using a refractometer or a brix hydrometer, which
provide quick and easy methods for assessment of ripeness. This can be used
in grape, muskmelon, mango etc.

Starch

Measurement of starch content in the developing fruit of pear and apple
provides a reliable method for assessing their harvest maturity.

Acidity

The acidity of many types of fruit changes during maturation and ripening. In
citrus, mango, pineapple and many other fruits acidity progressively decrease
as the fruit matures on the tree. Taking samples of these fruits, extracting the
juice and titrating it against a standard alkaline solution give a measure of
acidity, which can be related to determine harvest maturity. Normally, acidity
is not used singly; it is related to soluble solids, giving what is called sugar
acid ratio.

3.2.3 Physiological Method

Climacteric fruits, in which there is a distinct rise in respiration during
ripening, can be sampled, kept at a relatively high temperature and respiration
rate measured. By doing this, it may be possible to predict the number of days
the fruit would have taken to commence the climacteric rise if left on the tree.
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3.2.4 Computation Method

The time required between flowering and fruit being ready for harvesting may
be measured by ‘heat units’ or ‘degree days’ in a particular environment. It has
been found that a characteristic number of heat units or degree days is required
to mature a crop. Maturity will be advanced under warm conditions or delayed
under cooler conditions. The number of degree days to maturity of a particular
crop or a variety is determined over a period of several years by obtaining the
sum of the difference between the daily mean temperature and a fixed base
temperature (commonly the minimum temperature at which growth occurs).
For example:

20-15°C (minimum base temp.) x 1 day =5
25 -15°C =10 x 2 days = 20; total 25 degree days

Likewise the computation is continued and when the total number of degree
days reaches say 1000 for a particular crop it is presumed that the crop is ready
for harvest. As maturity approaches the correct stage of the crop may be
checked by other means. This method is helpful in planning planting,
harvesting and factory management programme for annual processing crops
such as pea, tomato etc.

3.2.5 Electronic and Other Methods

Electronic principles are used in various machine used in determining the
maturity.

Electronic colour sorter

This machine is used in packing houses to sort out fruits on the basis of colour
e.g. in apple, orange efc.

Acoustic and vibration test

The sound of a fruit when tapped with the knuckle of the finger, changes
during maturation and ripening. Consumers often use this method for testing
when purchasing watermelon. Farmers also use this for determining maturity.
Sophisticated machines have been developed to measure the sound of tapping
for precise determination of maturity.

Electromagnetic method

Nuclear magnetic resonance (NMR) spectroscopy is used in human pathology
to provide images of the inside of the body. Such instrument has been found to
be useful in determining maturity by examining internal structure of fruit.

Check Your Progress Exercise 1

Note: a) Use the space below for your answer.
b) Compare your answers with those given at the end of the unit.

1. What is maturity and how will you differentiate between physiological and
commercial maturity?



2. What are different methods for determining harvest maturity? Describe
simple and easy to use methods.

3.3 MATURITY INDICES OF COMMERCIALLY
IMPORTANT FRUITS

Mango

The various criteria recommended for judging maturity are red blush colour
development on the shoulders, falling off of one or two ripe fruits from the
plant naturally, the specific gravity of fruit ranging from 1.01 to 1.02 and in
general fruits attain maturity 90-120 days from the fruit set stage. Sometimes
maturity indices like change in pulp colour from white to pale yellow and
slowing down of latex flow from the stalk of plucked fruits also serve the

purpose.

Banana

The fruits are usually harvested when the ridges on the surface of the skin
change from angular to round i.e. after the attainment of the % full stage. The
maturity of fruits can also be adjudged by some other physical characters and
chemical analysis. The physical characters like change in skin colour or
development of blush or visually lighter colour is also taken into account to
determine the maturity of fruits. In addition, fruits attain the size specific to
variety on maturity. However, for long distance transport attainment of
% maturity is taken as harvesting index.

Citrus

The fruits are generally harvested when the changes in rind colour take place.
The colour break stage (change in colour from green to yellow) is taken as
criterion for judging the maturity of lime and lemon. In citrus, total soluble
solid (TSS): acid ratio is considered to be a good index for judging maturity,
which varies from variety to variety.

Papaya

The fruits should be left on the tree until they mature fully. Usually the fruits
are harvested when they are of full size, light green with a tinge of yellow at
apical end. On ripening the latex becomes watery from milky.
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Pineapple

The fruits are usually harvested when the surface colour is between colour
break and quarter yellow for shipment by sea and a half to three-quarter yellow
colour for transportation by air. Harvesting for local market and distant market
should be done at the full maturity stage and 75-80 per cent maturity stage,
respectively. At maturity, the eyelets get flattened.

Grapes

In grapes, the basal berries mature and ripen first and the harvesting of
immature berries are never advisable as these do not ripen after harvest. The
physical appearance like change in colour from dark green to light green,
yellow or red or purple depending upon the type of cultivars, glossyness and
softness of berries are also taken as indices for judging maturity. The
estimation of TSS: acid ratio is also taken as criteria for judging the maturity.
The TSS and acidity of berries are determined by refractometer and titration,
respectively.

Sapota

In sapota, various criteria have been suggested for judging the maturity e.g.
development of a dull orange colour or potato colour, showing light yellow
streak instead of a green streak when scratched and disappearance of browny
scales on the fruit surface.

Guava

Guava fruits mature 4-5 months after flowering. At maturity the specific
gravity varies from 0.95-0.96, while TSS and acid content ranges from 12-13°
Brix and 0.36 to 0.41% respectively.

Jackfruit

Several indices are commonly used to determine the optimum time to pick the
fruits. A dull, hollow sound is produced when the fruit is tapped by the finger;
the fruit spines become well developed and wide spaced; the spines yield to
moderate pressure and lastly there is development of aroma. For distant
market, fruit should be harvested when still firm and without any aroma.

Pomegranate

The fruits are ready for harvest in 5-6 months after flowering. The fruits are
picked when the skin turn slightly yellow and the fruit gives a metallic sound
when tapped. Likewise, the ripe fruits give a distinct cracking sound of grain
cracking when pressed slightly on the slices.

Apple

Apple may be harvested when a fruit separates easily from the branch, retains
firmness of pulp and taste which are desirable. On maturity the skin colour
changes from green to yellow or red depending upon the cultivars. The days
from complete flowering can also be taken as a criterion to assess the maturity,
which varies from 90+4 days in early maturing varieties to 180%5 days in late
maturing varieties.



Pear

Pear is harvested when firm and green for canning, while fully mature fruits
are harvested for fresh consumption. Days from full flowering, TSS and
firmness can also be used for judging the maturity.

Peach

Various criteria have been advised for judging the maturity of peaches like
fruit size, shape, firmness, starch content of fruits etc. Usually peaches are
picked when they are still hard as they can ripen well in storage or in transit.

Plum

Change of ground colour of fruits from green to yellow or red depending upon
the varieties, firmness and TSS content of fruits and days from full flowering
are used to assess the maturity of fruits.

Strawberry

Strawberries are generally harvested when half to three-fourth of skin develops
colour. For distant shipment green or white and still hard berries are harvested.

3.4 MATURITY INDICES OF COMMERCIALLY
IMPORTANT VEGETABLES

Broccoli

The best stage of harvesting is before the buds begin to open, the heads remain
compact and the yellow petals have not come out. The total length of the stalk
and the head can be 15 to 25 cm depending on the variety. The axillary shoots
grow and form smaller heads sometime after harvest of the main head. These
can also be harvested for marketing.

Cauliflower

Stage of maturity is determined by curd size and its compactness. If harvesting
is delayed, the curds become loose and discoloured. If the produce is meant for
storage, it is better to harvest when the curds are not fully exposed and still
covered with central whorl of leaves.

Cabbage

Solidity and firmness of the heads are the usual maturity characteristics used.
Colour of the head is used as an added index. The head turns a lighter shade of
green when full development is attained.

Celery

Generally, celery requires blanching, although some growers prefer to sell it
green. There is no specific time of harvest for celery though some like to
harvest it as early as possible to take advantage of higher price. Blanching of
the petioles and stalks and slight enlargement of the heart and inner leaves are
used as picking indices.

Carrot

Depending on the variety, the attainment of desired size is the primary
consideration. Marketing of roots begins as soon as they attain acceptable size
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even though they have not attained full size specific to the variety. The roots
must be harvested before emergence of the seed stalk.

Cucurbitaceous vegetables

In general, cucurbit fruits mature faster. In such kind of vegetables like
summer squash, Indian squash (tinda), bitter gourd, small (gherkin) cucumber
and long melon, fruits reach optimum maturity stage within a week or so after
fruit set. In other kinds of vegetables like sponge and ridge gourds, bottle
gourd, snake gourd, pointed gourd etc., picking is done in about 12 to 15 or
even 20 days after fruit set. In sponge and ridge gourd the flesh should not turn
fibrous. In bittergourd, fruits should not turn yellow or yellowish orange in
transit, hence, these are to be harvested at green stage. In musk and
watermelon, 30 to 40 days will be required for the fruits to reach harvest
maturity.

Picking of fruits at the right edible maturity stage is dependent upon individual
kinds and varieties. In salad or slicing cucumber, dark green skin colour
should not turn into brownish yellow and white spine colour will also be an
useful indication of edible maturity. Over-mature fruits will show carpel
separation (development of gap in the flesh) in transverse section.

In muskmelon, there are two groups of cultivars which behave distinctly. In
one group, the fruits when mature slips out easily from the vine with little
pressure or jerk or if not it will remain separated from the vine next day. This
is called full slip stage. Most cultivars including Indian varieties and
cantaloupes of the USA behave in this way. The cantaloupes can be picked at
% slip stage for long distance transport. There is another group of melon like
Honey Dew and Casaba, the fruits of which do not separate at maturity and
they have to be picked on the basis of external colour. In some Indian
cultivars, green stripes on the skin begin to turn yellow which is an indication
of full maturity. Muskmelon is a climacteric fruit which ripens during transit
and storage and hence it is harvested before it is fully ripe.

In watermelon, maturity is judged by taking into consideration of several
factors: (i) dull sound when the fruit is thumped, in contrast to metallic sound,
(i1) withering of tendril at the fruit axil, (iii) ground spot turning yellow,
(iv) rind of the ripe melon yields to pressure. Cumulatively all these criteria
will help judge correct stage of picking.

Eggplant

Fruits should be picked as soon as they have attained the desired size, before
they harden or show streaks of unusual colour. The skin should be bright and
glossy and seeds undeveloped.

Tomato

Harvesting depend upon the purpose for which it is grown and time to be taken
for reaching the destination. Six maturity stages are recognized. These are
mature green, breaker, turning, pink, light red and red. In ‘breaker’ stage only
up to 10% of the fruit surface especially at the blossom end is pink or red and
in ‘red’ stage more than 90% of the fruit surface is red. In India fruits, for a
distant market, are harvested at ‘breaker’ stage and they ripen during transit.
For nearby market and for processing, it is better to harvest at a latter stage.



The colour of the fruit can be measured by a colour chart or a colour measuring
instrument using light transmittance technique.

Potato

Setting of skin, starch content and leaf senescence are harvest indices. To catch
early market and to get high price, potatoes are also harvested before attaining
full maturity. These tubers are not fit for storage and should be disposed of
quickly.

Garlic and onion

Onions are harvested depending upon the purpose for which the crop is grown.
It requires 45 to 90 days from field setting for green onions and 90 to 150 days
for bulb depending upon the variety. Onions should be harvested one week
after 50% crop shows neck fall. Garlic is ready for harvesting when the tops
turn yellowish or brownish and show signs of drying up and bend over.

Okra

Fruits are harvested when they are tender and exhibiting maximum growth
rate. At this stage, the blossom end of the fruits, when bent, breaks easily. It
takes 7 to 8 days to become ready for harvesting after fruit set. Frequent
picking promotes fruit development and increases yield.

Pea

Quality of pea depends on sugar content and tenderness. With increasing
maturity and size, sugar declines rapidly with an increase in starch and protein.
Thus a high sugar content is an indication of high quality. The appearance of
the pod is an added indication of maturity. Since firmness increases with
maturity, a tenderometer is used to measure tenderness. Calculation of degree
days is also done for mechanical harvesting.

Radish

The crop matures in 3 to 4 weeks in case of quick growing varieties and in 8 to
10 weeks in case of the Chinese varieties. The crop is harvested when the roots
are still tender before they become pithy and fibrous.

3.5 HARVESTING

The objective of harvesting is to pick the fruits or vegetables at the proper
stage of maturity, with a minimum damage, as rapidly as possible and at a
minimum cost. This objective is best achieved by hand harvesting in most
fruits and vegetables.

3.5.1 Hand Harvesting

Hand harvesting is the most advantageous method. It offers several
advantages:

Selection of proper stage of maturity is accurate.

Humans can handle fruits and vegetables with minimum damage.
Multiple harvesting is possible.

Requires less capital investment.

b
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Care in harvesting and handling is necessary to preserve subsequent quality.
Bruises and injuries may later show up as black or brown patches, making the
commodity unattractive. As far as possible, harvesting should be done during
cooler part of the day and the harvested material should immediately be
removed to a shady place. Harvesting immediately after rain dew/snow should
be avoided as it creates conditions most favourable for multiplication of decay
causing pathogens.

a)

b)

Fruits

Soft fruits such as strawberry which are borne on low growing plant, are
simply removed from the plant and are put into a suitable container.
Sometimes they are directly put into the consumer carton for sending to the
market. Fruits which are borne on tall or medium tall trees such as mango,
citrus, sapota, guava, apple efc. are difficult to harvest and the process is
time consuming. A long pole with some cutting device and a bag at the
end is commonly used. Some improved harvesters have been developed in
India by ICAR institutes and SAU’S viz. TARI, New Delhi, IIHR,
Bangalore, KKV, Dapoli and CISH, Lucknow. These harvesters have been
tested successfully in several crops and have been found to be more
efficient and economical than manual harvesting by hand only. It has also
been reported that fruits harvested by cutting the fruit stalk rather than
twisting and pulling, had lower incidence of rotting during subsequent
storage.

Vegetables

Most vegetables are hand harvested even in the developed countries. Root
crops like potato, onion, garlic, colocasia and tapioca are dug out with the
help of fork or spade. Other root crops like radish, turnip, carrot and beet
are pulled out of the soil. All damaged roots should be sorted out as early
as possible. Fruit vegetables like okra, brinjal etc. require some cutting
device like krives/siezzer/sickle sickle. Tomato usually does not require
such device and pulling by hand can detach the fruits. Muskmelon at full-
slip stage does not even require any pulling by hand. At half-slip stages a
little jerk may be required in Pumpkin, bottle gourd, bitter gourd, sponge
gourd, ridge gourd etc. require some cutting device for harvesting.
Cauliflower and cabbage are harvested by cutting the stalk with some sharp
tool. Leafy vegetables like amaranth, spinach, spinach beet (Palak),
Trigonella (Methi) etc. may be harvested by picking the leaves or by
cutting with sickle depending on the market requirement.

3.5.2 Mechanical Harvesting

Mechanical harvesting has certain advantages:

1.
2.

It is a quicker method.
Problem associated with labour management is less.

There are certain disadvantages too:

1.

whw

It damages perennial crops (e.g. damage to bark by a tree shaker)

There may be a lack in processing and handling capacity to handle high
rate of harvest.

There is less chance of selection of fruits.

Damage due to mechanical injury is more.

It is more expensive.



a)

b)

Fruits

Very little fruit destined for fresh market is harvested by machines because
the likely damage could result in rapid deterioration of quality. Fruits for
processing may be harvested mechanically. Oranges for juice extraction
may be removed from the trees by powerful wind machines being dragged
through the orchard followed by collecting oranges from the ground
mechanically or manually. Tree shakers are also used. These methods may
cause considerable damage to fruits. Grapes can be harvested for wine
making using tractor-mounted machines with combing fingers made of
rubber which are run up the stems, pulling up the fruit bunches along with
leaves. In banana, bunches are cut manually and then conveyed by
hanging conveyor rope. Sometimes conveyor belts are also used.

Vegetables

Mechanical aids to harvesting vegetables such as cauliflower, cabbage,
lettuce involve cutting by hand and placing them on a conveyer of a mobile
packing station which is slowly conveyed across the field. Peas for
processing are harvested by combine. Tissue damage during harvesting
has been reported to develop off flavour due to enzymatic reaction in pea.
Mechanical harvesting of French bean may cause breaking of the tips. In
potato, mechanical harvester removes the tubers from the soil and by
mechanical shaking, soil clods are broken into fine pieces for easy removal
of potato from the soil. In developed countries the entire operation of
digging and removal of potato is done by machine. In India, in some parts
of the country, mainly digging is done by the potato harvester. In some
countries, onion is harvested mechanically after cutting the tops
mechanically before harvesting. Similar harvester can be used for sweet
potato. Harvesters for tapioca and yam have been less successful. Tapioca
harvesters for processing are common but the roots must be processed
quickly after harvest to avoid deterioration.

Check Your Progress Exercise 2

Note: a) Use the space below for your answer.

1.

b) Compare your answers with those given at the end of the unit.

Outline maturity indices of important fruits.
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3. What are the merits and demerits of hand and mechanical harvesting?

@ 3.6 LET US SUM UP

In this unit, you have read about maturity of fruits and vegetables, methods of
determination of harvest maturity, maturity indices of important fruits and
vegetables and their harvesting methods. It has given you an idea about the
advantages and disadvantages of hand and machine harvesting. It has also
highlighted the simple and commercially followed methods for determining

maturity stage for harvesting.

3.7 KEY WORDS

Maturity

Physiological
maturity

Horticultural or
commercial maturity :

Maturity indices

It is a phenomenon by which a commodity (fruit
or vegetable) reaches a sufficient stage of
development that after harvesting and post-
harvest handling; its quality will be at least the
minimum acceptable to the ultimate consumer.

It refers to the point in the development of an
organ or organism when maximum growth has
been achieved and the organ or organism is ready
for the next development stage to be completed.

It is the characteristic state of a plant organ
required by the consumer. It is concerned with
the timing of the harvest.

These are the criteria which are used to determine
whether a crop has reached a proper stage for
harvesting.

™ 3.8 ANSWERS TO CHECK YOUR PROGRESS

EXERCISES

Check Your Progress Exercise 1

1. Your answer should include the following points:

e Definition of maturity.
e C(lassification of maturity into two types — physiological and
commercial and differences between them.



2. Your answer should include the following points:

e Grouping of methods of determination of maturity into physical,
chemical, physiological, computation, electronic and others.
e Description of methods grouped under physical group.

Check Your Progress Exercise 2
1. Maturity indices of important fruits are to be written.

2. Maturity indices of important vegetables are to be written
3. Merits and demerits of hand and machine harvesting are to be discussed.
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