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Introduction

Today, one of the main global challenge is how to ensure food security for a world growing
population whilst ensuring long-term sustainable development. According to the FAO, food
production will need to grow by 70% to feed world population which will reach 9 billion by
2050. In the meantime, while the number of food insecure population remains unacceptably
high, each year and worldwide, massive quantities of food are lost due to spoilage and
infestations on the journey to consumers.
The magnitude of postharvest losses in fresh fruits and vegetables is an estimated 5 to 25
percent in developed countries and 20 to 50 percent in developing countries, depending upon
the commodity. To reduce these losses, producers and handlers must understand the
biological and environmental factors involved in deterioration and use postharvest techniques
that delay senescence and maintain the best possible quality.
The term “postharvest loss” - PHL refers to measurable quantitative and qualitative food loss
in the postharvest system. This system comprises interconnected activities from the time of
harvest through crop processing, marketing and food preparation, to the final decision by the
consumer to eat or discard the food.
Harvesting crops at the “proper harvest time” which means “proper maturity stage” allows
handlers to begin their work with the best possible quality produce. Produce harvested too
early may lack flavor, more subject to shriveling and mechanical damage and may not ripen
properly, while produce harvested too late may be fibrous or overripe and can deteriote easily
and early.
Maturity at harvest is the most important factor that determines storage life and final fruit
quality. Fruits picked either too early or too late in the season are more susceptible to
physiological disorders and have a shorter storage life than those picked at the proper
maturity. Using a maturity index as a standard will greatly reduce pre-sorting losses. Pickers
can be trained in methods of identifying produce that is ready for harvest.
Any practice that reduces the number of times the produce is handled will help reduce losses.
Field packing (selection, sorting, trimming and packaging of produce at the time of harvest)
can greatly reduce the number of handling steps the produce must undergo before marketing.
Small carts or small mobile field packing stations can be designed to be moved along with the
packers and to provide shade for packing operations.
This training material comprises modern techniques in harvesting. It will be a good source for
farmers, producers and also for trainers and teachers in VET. In the training material
postharvest problems contributing to crop losses were determined ( i.e. -improper harvesting
techniques, -failure to use maturity indices at harvest, -use of poor quality containers, -rough
handling).
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Also the methods of evaluating the readiness of the crop for harvest, and the rejection of
unsuitable produce at harvest according to market requirements, tools and equipments used to
determine harvest criteria, the actual technique to be employed in harvesting produce, harvest
maturity measurements with instruments and equipments, on-farm (field) cooling and (field)
on-farm packaging systems were explained.
This training material were prepared based on 4 horticultural crops:
-

grape
sweet cherry
tomato
fig
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Pre-Harvest Factors on Postharvest Quality and Crop Losses of
Fresh Fruit and Vegetables

The postharvest quality of fruits and vegetables are largely determined by preharvest factors
such as production location, soil type, irrigation, rootstock, shading and nutrition. Pre-harvest
factors divided into primary and secondary. The primary factors include climate, nutrition and
plant growth regulators, and secondary factors include soil quality and management,
rootstock, irrigation, training and pruning and crop load manipulation. The influences of
important pre-harvest factors on postharvest quality of fruits and vegetables are described
below (Kumar et al., 2015):
Temperature:
Atmospheric temperature has been found to influence fruit shape, size, colour and other
quality parameters. Temperature variation during the early stage of fruit development caused
variation in shape of orange fruit. Temperature cause undesirable thick peel and puffiness in
citrus Pineapple fruits grown in winter months or in cool growing areas had reduced eating
qualities due to lower Sugar/acid ratio (SS/TA).
Radiation:
Radiation interception by fruit has marked effects on the quality attributes of fruits and
vegetable. It has been found difficult to determine whether the effect of radiation is through
light or heat (Jackson 1980). Any factor that reduces radiation interception results in reduced
soluble solids, higher acidity and abnormal skin colour development. Low light intensity can
reduce the firmness of fruits at harvest and during storage. Lowlight intensity increases
postharvest disease incidence because of reduced physical and physiological integrity of the
fruit and vegetable; reduces fruit size and vegetable size decreases ripening characteristics.
Shade increases diseases in fruit and vegetables.
Relative humidity:
Relative humidity plays an important role in determining fruit and vegetable quality. Higher
relative humidity around the fruit and vegetable reduces water and movement into the fruit. In
contrast, higher relative humidity around the plant increases Ca accumulation into the fruit by
reducing leaf evapotranspiration. Similar results have been observed in tomato fruit, where
higher relative humidity around the plant increases fruit Ca, and decreases shelf life due to Ca
toxicity. High relative humidity around the plant has also been reported to be associated with
increased maturity bronzing in banana fruit.

Nutrition:
8

Several nutrient elements, especially N, Ca, Mg and K have been found to influence the
quality attributes of fruits and vegetable. The application of Ca and high fruit and vegetable
Ca concentration resulted in increased firmness; reduced disease incidence, chilling injury,
physiological disorders and ripening; and improved storability. Potash has been found to
improve fruit qualities. In bananas, high K increased total soluble solids and vitamin C and
reduced acidity. Application of excessive N element is very detrimental in terms of
postharvest quality attributes.
Irrigation:
Irrigation has immense influence on fruits and vegetables quality. Generally, the excessive
availability of water can result in larger fruit, reduced firmness and flavor and more disorders.
Water stress also affects fruit qualities. Low irrigation reduced fruit growth rate and green life
of bananas. In case of mango, lowering irrigation during rapid fruit expansion stage reduced
storage duration and fruit Ca concentration.

2-

Harvesting of Fresh Fruit and Vegetables

The harvesting of fruits that arrive at the stage of a certain development or complete their
development, and which have come to the foreseen maturity stage is called harvest (Karaçalı
2009).
Harvesting is one of the important operations, that decide the quality as well as storage life of
produce and helps in preventing huge losses of fruits.
The harvesting operation includes (Kader, 2003):
1)
2)
3)
4)

Identification and judging the maturity of fruits.
Selection of mature fruits
Detaching or separating of the fruits from tree, and
Collection of matured fruits.

Main principles of harvesting
1) Harvest should be completed during the coolest time of the day, which is usually in
the early morning, and produce should be kept shaded in the field.
2) The produce has to be harvested and handled gently.
3) Crops destined for storage should be as free as possible from skin breaks, bruises,
spots, rots, decay, and other deterioration.
4) Bruises and other mechanical damage not only affect appearance, but provide
entrance to decay organisms

2.1- Methods of Harvesting
9

Different kinds of fruit and vegetables require different methods after harvesting. The
methods of harvesting are (Kader, 2002):
1) Manual Harvesting
2) Mechanical Harvesting

2.1.1- Manual Harvesting:
Harvesting by one’s own hand is called manual harvesting. It is done in several ways:
a. Ladder / bag picking method
b. Poles/ Clippers method
c. Harvesting by means of cutting knives
d. Harvesting by means of digging tools.

2.1.2- Mechanical Harvesting:
In this method numbers of mechanical devices are used for harvesting the produce on
commercial scale.

Figure 1. Manual vs. machine harvesting of grapes
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Figure 2. Manual vs. machine harvesting of spinach

Figure 3. Manual vs. machine harvesting of tomatoes

2.2- Defects during harvest and transport
Some of these defects occurs during harvest and transport are;
1) Brusing
2) Cracks,
3) Cuts, abrasions & skin breaks
Mainly due to these mechanical defects, metabolism expedites, entry and development of the
microorganisms get easier, loss of sugar and ascorbic acid accelerate and activity of
microorganisms increases (Kitinoja, 2002). Examples of defects that reduce postharvest life
potential of fresh produce and increase food losses are given below:











Softening
Sunburn & sunscald
Bruising (i.e. apples are highly succeptible to bruising)
Cracks
Sprouting
Chilling injury
Insect injury
Scald
Decay
Cuts, abrasions & skin breaks

Extra care must be taken during harvest for reducing bruising losses of apples. Therefore
harvest bags must be used during harvest (Figure 4).
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Figure 4. Harvesting apples in bags
Injury due to pickers is very high, specially in highly perishible products like berry fruits
(Table 1).
Table 1. Injury scores of pickers harvesting strawberry
Grower Number

Best picker score

Worst picker score

1

1.1

1.6

2

1.2

2.2

3

1.4

1.8

4

1.4

2.5

5

1.6

2.6

Average

1.3

2.1

Score: 0-no damage, 1=slight, 2=moderate, 3=severe
Source: Mitchell et al., 1996

3- Why Is Proper Harvest Important?
The goal of good harvesting is to maximize crop yield and minimize any crop losses and
quality deterioration. Regardless of the method farmers use, some guidelines (or training
materials) should be established by experts and these guidelines should be followed to ensure
that harvest losses are minimum and crop quality is preserved during harvest operations, such
as harvest time, method, duration and postharvest processes.
Harvesting practices should cause as little mechanical damage to produce as possible. Gentle
digging, picking and handling will help reduce crop losses. Pick carefully to avoid damage.
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For some crops, a natural break point forms at the junction of the stem and the stalk when
produce is mature. Harvesters should grasp the product firmly but gently and pull upward as
illustrated below. Wearing cotton gloves, trimming fingernails, and removing jewelry such as
rings and bracelets can help reduce mechanical damage during harvest.
If a small amount of leafy vegetables are being harvested for home use or for sale at a nearby
roadside or farmers' market, a small tub of cold water can be useful for cooling the produce.
The tub can be brought directly to the field and used by the picker as a field container. Clean
water should be used with each lot of produce. Chilling leafy vegetables by using cold water
at harvest will help maintain quality and prevent wilting.
Buckets are better at baskets in protecting produce, since they do not collapse and squeeze
produce. Plastic crates are relatively expensive but are durable, reusable and easy to clean.
When empty, they can be nested to save space in storage or transport. If plastic crates are well
vented along the sides and/or bottom, they can also be used to wash and/or cool produce after
harvest.
Some fruits need to be clipped or cut from the parent plant. Clippers or knives should be kept
well sharpened. Penduncles, woody stems or spurs should be trimmed as close as possible to
prevent fruit from damaging neighboring fruits during transport. Pruning shears are often used
for harvesting fruits, some vegetables, and cut flowers. A variety of styles are available as
hand held or pole models, including shears that cut and hold onto the stem of the cut product.
This feature allows the picker to harvest without a catching bag and without dropping fruits.
Manual harvesters should be well trained in the proper way to harvest the crop to minimize
damage and waste, and should be able to recognize the proper maturity stage for the produce
they are handling. Pickers should harvest with care, by snapping, cutting or pulling the fruit or
vegetable from the plant in the least damaging manner. The tips of knives should be rounded
to minimize inadvertent gouges and excess damage to perennial plants. Knives and clippers
should always be well sharpened.
Pickers should be trained to empty their picking bags and/or baskets with care, never dumping
or throwing produce into field containers. If harvesters pick directly into large bulk bins,
produce can be protected from bruising by the use of a de-accelerating chute fashioned from
canvas. Vented, stackable field containers should be kept clean and smooth. Exposure to the
sun should be avoided as much as possible during and after harvest, as produce left out in the
sun will gain heat and may become sun-burned.
Field bins should be placed in the shade or loosely covered (for example with light colored
canvas, leafy plant materials, straw or an inverted empty container) if delays are expected in
removing them from the field. Night or early morning harvest is sometimes an option for
harvesting produce when internal temperatures are relatively low, reducing the energy needed
for subsequent cooling. Latex flow is often lower later in the morning than it is at dawn for
13

crops such as fig, so harvesting as late in the morning as possible can reduce later efforts
required to clean the produce before packing.
Any practice that reduces the number of times the produce is handled will help reduce losses.
Field packing (selection, sorting, trimming and packaging of produce at the time of harvest)
can greatly reduce the number of handling steps the produce must undergo before marketing.
Small carts or small mobile field packing stations can be designed to be moved along with the
packers and to provide shade for packing operations.

4-

Maintaining Quality of Fruits and Vegetables after Harvesting

Appropriate production practices, careful harvesting, and proper packaging, storage, and
transport all contribute to good produce quality after harvesting.
Quality cannot be improved after harvest, only maintained. It has been said that the best a
piece of fruit will ever look is when it is ‘hanging on the tree’. Quality is a difficult term to
define. This difficulty stems from people being different and individuals having expectations
of what they expect and what they like about any particular product.
Quality is ‘fitness for purpose’. It is the product state that meets the expectations of the
customer/consumer. This state will encompass concepts such as the position of a person in the
supply chain from farm to consumer.
It will be a function of the financial position as well as the cultural background of the
individual purchaser. Whatever happens, the customer is always right. If producers do not
recognise these needs and desires, then a decline in consumption of fresh fruits and vegetables
could occur. Customers will then rely on more convenient ‘pill diets’ comprising an
increasing range of purportedly health containing properties (Shewfelt, 1999).
Growers and shippers are concerned that their commodities have good appearance and few visual
defects. To receivers and distributors, firmness and a long storage life are of keen interest.
Consumers perceive quality fruit as ones that look good, are firm, and offer good flavor and
nutritive value. Although they buy on the basis of appearance and feel, their satisfaction is
dependent upon good eating quality.
Therefore, it is important to harvest fruits, vegetables, and flowers at the proper stage and size
and at peak quality. Immature or over mature produce may not last as long in storage as that
picked at proper maturity (Kader, 2002).

5- Maturity
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Maturity of fruits and vegetables is an indication of the development of the crop as 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. Harvesting at the
correct maturity is key to satisfying quality expectations.
In postharvest physiology we consider "mature" as "that stage at which a commodity has
reached a sufficient stage of development that after harvesting and postharvest handling, its
quality will be at least the minimum acceptable to the ultimate consumer" (Reid, 1992).
Growers and shippers are concerned that their commodities have good appearance and few
visual defects. To receivers and distributors, firmness and a long storage life are of keen
interest (Parker, et al., 1990). Consumers perceive quality fruit as ones that look good, are
firm, and offer good flavor and nutritive value (Bruhn, 1991). Although they buy on the basis
of appearance and feel, their satisfaction is dependent upon good eating quality.
Economic studies indicated that high quality fruits may obtain higher prices than lower
quality stone fruits harvested above the minimum maturity (Parker et al., 1990).

5.1- Why we need maturity indices?
Deciding when to harvest a crop is often one of the most difficult decisions that a grower has
to make. Often, this decision is made by pickers who are not always familiar with crop
development. Maturity at harvest has a very important influence on subsequent storage life
and eating quality. Horticultural maturity is that stage of development at which a plant or
plant part is ready for use by consumers for a particular purpose. This use can occur at any
stage of development depending on the commodity (Watada et al., 1984).
The definition of maturity as the stage of development giving minimum acceptable quality to
the ultimate consumer implies measurable points in the commodity's development, and the
need for techniques to measure maturity (i.e. days from planting to harvest, progressive
changes in size, composition etc.)
The maturity indices=harvest indices for a commodity is a measurement or measurements that
can be used to determine whether a particular commodity is mature. These indices are
important to trade regulation, marketing strategy and to the efficient use of labor and
resources (Crisosto, 1994).

5.2- Characteristics of the maturity index
For maturity measurements to be carried out by producers, handlers, and quality control
personnel they must be simple, readily performed in the field or inspection point, and should
15

require relatively inexpensive equipment. The index should preferably be objective (a
measurement) rather than subjective (an evaluation) and ideally the index should be nondestructive (Crisosto, 1994).

5.3- Examples of Maturity Indices
1) Number of days from full bloom
or
fruit
set
2) External/internal fruit color
3) External appearance
4) Texture, flesh firmness (N)
5) Shape of fruit
6) Starch content
7) Soluble solid (SS) or °Brix (%)
8) Titratable acidity (TA) (%)
9) SS/TA ratio
10) Oil content
11) Dry matter (%)
12) Abscission layer formation
13)
Typical
etc.

flavor,

taste

6- Best Harvesting Practices of Grapes
Table grape berries are appreciated by the consumer for their sweetness indeed high quality
berries should have more than 14% SSC (soluble solids content) depending on the variety but
the appreciation by the consumer depends even on the ethnic group. Acidity is anyway
important too to balance the excessive sweetness of some grape berries.
Different ethnic group have an appreciation for the berry depending more on the acidity than
on sweetness. American consumer acceptance of Red Globe grape is strongly dependent on
16

the ratio between sugar content and the titratable acidity: a ratio over 25 for the grape berries
received the highest appreciation.
For the American consumer, grapes must have SSC more than 15% and titratable acidity less
than 0.8%. Even for Chinese consumer the high SSC was more appreciated but they were
more sensitive to the level of titratable acidity. Italian consumer prefers table grape berries
with a very high SSC and very low titratable acidity but this appreciation can vary depending
on the latitude, North and South. Turkish consumer is also prefers high SS content (more than
%20).

6.1- Maturity indices of table grapes
Time of grape harvest is probably the most important and challenging viticultural decision for
grape producers due to the difficulty of assessing grape maturity in the vineyard. The yearly
dilemma is whether to delay harvest until desired quality parameters are reached since, once
picked, grapes do not improve in flavor, color or sugar content.
On the other hand, if the grapes are left hanging too long on the vine, the berries may shatter,
get damaged by wildlife or insects, or break down due to rot; and yields and quality are
negatively affected.
The berries must contain the correct balance of flavour and aromatic compounds. The typical
maturation levels of sugars should lie between 16% and 24% and acid between 0.6% and 1%.
Following veraison, you should begin testing the maturity of the grapes to determine when to
harvest, and there are several tests that can be used to monitor the changes that occur during
the maturation process.

6.1.1- Attractive appearance, and color:
17

Cultivars other than ‘white’ ones also have minimum color maturity requirements, based on
the percentage of berries in the cluster that show a certain minimum color intensity and
coverage.
Other quality criteria for table grapes are good appearance, free of decay, thin skin, large size,
good texture and flavour. The rachis should be fresh and green (i.e. not desiccated and brown).
The bloom is also an important quality factor. It is destroyed by over-handling and rubbing
which causes the berries to become shiny rather than lustrous.

6.1.2- Soluble Solids (SS) (%):
The concentration of sugars, expressed as either °Brix or SS%, increases during maturation
and can be measured with a refractometer. The refractometer is easy to use and can be taken
into the field to sample berries.
Fructose and glucose are the main sugar types of the mature berry pulp. They are present in
approximately equal amounts (total sugars (means SS) = 12–27% fresh weight) although the
actual ratio varies between cultivars. Cultivars with more fructose than glucose can be
harvested earlier due to the greater sweetness of this sugar compared to glucose. As the fruit
become over-mature, the fructose to glucose ratio increases (Winkler et al. 1974).

Figure 5. Digital refractometer and berry sizer

6.1.3- Acids, Titratable acidity (TA) (%); SS/TA ratio:
The acidity level is a very important quality factor in both table grapes and those used for wine
production. Consumer acceptance of table grapes and grape juice is strongly influenced by the
sweetness to acid balance (Winkler et al. 1974). During maturation the organic acids in the
juice decline, and this can be measured as titratable acidity.
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Evaluate juice SS% (°Brix) and TA, on a weekly basis following veraison or begin evaluating
juice SS% and TA about a week before you think it is time to harvest.
EU standards define table grapes as fruits grown from cultivars of Vitis vinifera. L.. Minimum
SS levels are given as 12° Brix for the Alphonse Lavalleé, Cardinal and Victoria varieties,
13° Brix for all other seeded varieties, and 14° Brix for all seedless varieties. By contrast, in
California, United States the minimum SS is generally 16.5° Brix and in early production
areas, an SS/TA ratio of 20 or more is used to determine maturity for cultivars with a
minimum required SS less than 16.5° Brix. In Turkey minimum SS/TA ratio for Sultana
seedless is 20/1.

6.1.4- Berry detachment:
As grapes mature an abscission zone begins to form between the pedicle and berry, and ease
of berry detachment can serve as an indicator of maturity. When detaching a berry from a
cluster, observe where the pulp and skin detach cleanly from the pedicel. If some pulp and/or
skin remain attached to the pedicel, the berry is considered un-ripe. If the no pulp remains
attached to the pedicel, the berry is judged to be ripe.

6.2- Best practice for fruit sampling and testing maturity
Fruit sampling is very important while evaluating grape maturity and sampling methodologies
have been extensively reviewed (Rankine et al., 1962; Jordan and Crosser).
Sampling to test for maturity should begin following veraison. Initially it can be done in the
vineyard with a refractometer to determine when to begin collecting a larger sample to run a
more through test for °Brix and TA.
When collecting a sample, it is very important to collect a sample that is representative of the
crop. At least 10 clusters representative of the vineyard should be collected. When berries are
collected a sample should consist of 100-200 or more berries collected over the vineyard with
no more than two berries collected from a vine.
Because berries on a cluster vary in their maturity, the sample should consist of berries
collected from the top, middle and bottom of the clusters as well as being collected from the
sun-exposed and shaded sides of the clusters. About 90% of the variation in berry sampling
comes from variation in the position of the cluster on the vine, and the degree of sun exposure
(Trought and Tannock, 1996).
Berry size and color:
Berry size (Figure 6) and color are also important for determining the right harvest time.
Cultivars other than ‘white’ ones also have minimum colour maturity requirements, based on
19

the percentage of berries in the cluster that show a certain mini- mum colour intensity and
coverage.

Figure 6. Berry size checking of grapes

6.3- Harvesting and packaging of grapes
Steps should be taken to prepare the vineyard for harvest to facilitate the operation. Before
harvest, it might be necessary to prune long shoots or strip leaves to allow for better grape
coloration and offer pickers easier access to the fruit.
Irrigation should be suspended several days earlier, early enough to allow the ground to be
stable for harvesting traffic, yet late enough to avoid an overly dry ground to cause dust being
lifted during operations.
If rain wets the clusters thoroughly, it is prudent to suspend harvest for at least 3 days. If the
rain does cause fungus infection to take place, this period will allow symptoms of the
infection to develop to the extent that pickers can detect and trim out infected berries. Even
so, fruit picked this soon after a rain should be sold immediately or if stored kept segregated
and monitored closely for any development of decay.
Harvest represents the moment of detachment of bunches from the vine at the proper level of
maturity. It should be performed without mechanical damage and product loss, as quickly as
possible, minimizing the costs. At the present, hand harvest is the only harvesting system for
table-grapes.
The primary advantages of hand harvest are:
- human picker can handle with care bunches avoiding mechanical damage;
- selection of fruits starts on the vine because the picker selects maturity and
appearance;
- multiple (generally no more than two) harvest for grading the bunches on the vine;
20

- minimum of capital investment.
Harvest rate depends on the grapes vine growing system, the number and expertise of
workers, and packing system adopted. Very high harvest rate could be obtained using
growing system called Italian pergulate (Tendone) which permits a fast harvesting
considering that bunches are concentrate in the middle of the row more o less 1.7 m height
from the ground; the picker picks bunches walking down the vine without need of ladder or
stool.
The main problems with hand harvest are due to labor management and picker skill.
Moreover quality is such an important aspect in successful marketing that hand harvest is still
the only method used for table grapes. Management should be very careful for effective use of
hand labor. A short training period is necessary for harvesting and packaging grape according
to the market request.
Before harvesting, irrigation is usually withheld and the avenues between vines are treated to
reduce dust contamination. The picker is trained to select appropriate bunches on the basis of
the maturity indices described above.
At the present, table grapes harvesting is carried out by the picker that selects the bunch and
cuts the stem with the help of sharp knife or secateurs or clippers specially designed for
grapes (Figure 7). Before releasing the bunch in the box, the picker generally removes brown
and moldy berries.

Figure 7. Harvesting grapes with secateurs.

Thus, the picker performs the following operations:
• bunch selection using color and eventually dimension as selection criteria;
• detachment of the bunch selected by keeping the bunch in one hand and than with
sharp scissor cut the stem
• bunch trimming and cleaning (removal or decayed and moldy berries)
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The following are considered defective berries to be removed:
-

sunburned, scarred, mildewed, decayed, raisined (dried), cracked, crushed, undersized,
irregular shaped (Figure 8).

Figure 8. Sunburned and decayed berries
The picker should completely discard or include in a low grade category the following kinds
of clusters:
• inadequately colored clusters
• clusters so compact that the interior cannot be examined for defective berries or
stems
• straggly clusters (inadequately filled with excessively exposed stems)
• clusters filled with shot berries
• clusters that are too small
• clusters filled with an excess of defective berries
• clusters with sunburned, decayed, mildewed, shrunken or blackened stems
• place gently the bunch in the box, without pressing or squeezing

In the case of field packing, table grapes may be picked, sorted and packed directly into the
shipping container by the picker.
The cleanliness of the field containers in which picked grapes are collected is highly
important. Special attention will need to be paid to keeping these clean, by washing and/or
disinfecting them between uses. Plastic crates seem most convenient.
Harvesting should be done in the morning or evening hours. Use small bucket while
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harvesting, then transfer to big bins (Figure 9). Harvested produce should be kept under shade
or in cool place (Figure 10).

Figure 9. Harvest bucket and transferring bins.
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Figure 10. A covered wagon keeps freshly harvested crops cool in the field

Correct loading

Incorrect loading

Figure 11. Correct and incorrect loading of harvested grapes in boxes

6.4.1- Field Packing of Grapes
Table grapes meant for local market are picked and packed directly in containers in the field
(Figure 12). Generally the pickers and the packer work together:
-

the picker detaches, trims and cleans the bunch,

-

the packer places the bunch in the shipping container and arranges the packing
materials like the sponges tissue paper that are used to improve product appearance
and to reduce bruising among the bunches during the following operations.

The pickers walk down the vine. The packer move all the packing materials and the table used
to support the container during the filling operation. Empty and filled container are left on
ground and carried by another worker. This system minimizes rehandling of the fruit, but
makes the quality control on the product more difficult than in the packinghouse.
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Figure 12. Field (on-farm) packaging of table grapes

6.4.2- Shed Packing of Grapes
Table grapes meant for long distance markets and those for overseas market are packed
differently in the packing shed. In the shed packing (in the packinhouse), bunches are
harvested by pickers and placed in field lugs untrimmed; in this case field lugs are generally
made in plastic with the following dimension 0.6x 0.4 x 0.25 m, the weight of grape is
generally into the following range 18-20 kg. Usually grapes tolerate this depth, but it could be
decreased to avoid bruising due to compression of bottom layers of table grapes. The lugs are
vented on sides and bottom to facilitate air circulation. To avoid fruit cutting, ventilation slots
are normally rounded so that inside surfaces is easy to clean and smooth to reduce fruits
abrasion injury.
Rough handling and impacts can increase roughness of the internal surface and create fruit
abrasion problems. If wood lugs are used, they should be coated (paint or varnish-type) to
reduce this problem. The picker productivity range 100-150 kg/h if the bunches are placed in
filed lug and subsequently cleaned, trimmed and packed in the packinghouse.
25

The first step in fruit protection from mechanical injury is a careful field supervision.
Inaccurate picking or packing procedures like over-filling the containers or beating bunches
against container hard surface dramatically reduce the product quality and postharvest life of
table grape.
Traditionally California table grapes have been packed in the field (Figure 12.) while a high
proportion of grapes in Turkey (mainly for export ‘Sultanina’ grapes), South Africa and Chile
were shed packed (Crisosto and Mitchell, 2000).

6.4.3- Avenue Packing of Grapes
Recently, a combination of shed and field (‘avenue’) packing is developing in California and
Chile. In this system pickers and packers do not work in pair, but they are located in different
places. The picker picks and trims the bunches and places them into field lugs. When the lug
is filled, it is transferred to the packer that use a working table located in the avenue between
vineyard blocks.
Packing materials are located close to the packing place. In this case quality cntrol is still
difficult, because the supervisor has to move around the vineyard in order to control the
different packers.
In case of field packing picker productivity is reduced in the range 50-80 kg/h. The working
efficiency depend on bunches density in the vine; bunch size, uniformity of berry color and
size.
The advantages and disadvantages of field and shed pack were given in Figure 13.

Figure 13. Field pack vs. ‘Shed’ packing
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It is also an alternative that harvesting grapes in the evening with cooler support in hot
summer times (Figure 14).

Figure 14. Harvesting grapes in the evening with cooler support in hot summer times

In Developing Countries where local investment are difficult, this type of harvest for table
grapes more than for other fruits should be promoted for few important reasons: the cost of
labour is lower than in Developed Countries high availability of workers training of picker
and packer is low cost comparable to buy equipment no great investments are required.
The inside of the shipping boxes should be lined and/or padded. Lining, which should
especially be considered in wooden boxes in order to avoid abrasion, can be provided by thin
plastic or paper sheets, while padding is most important for the bottom of the box by use of a
cushioning material.
In order to control decay of table grapes, fumigation with sulfur dioxide is a common
practice. Due to the expert management such fumigation would require, the use of sulfur
dioxide sheets in packages might represent a better alternative. However it is important to
consider that grapes treated with sulfur dioxide will necessarily call for storage under low
temperatures.

6.5- Different types of Sulfur sheets
The First Stage Gas Sheet:
This gas shhet is good for a few days (14 days Max) and releases high levels of Sulfur
Dioxide, fumigating the grapes and killing surface spores as well as those in fresh wounds on
the berries. Sulfur production peaks quickly, about 6 hours after packing and then slowly tails
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off.
The Second Stage Gas Sheet:
This type is designed to combat latent infection that may emerge from the stems or berries
during storage. It is designed to be used in conjunction with the fast release gas generator. Gas
production usually commences about 24hrs after packing, and ideally continues at a sustained
level until the grapes are marketed. These gas sheets are widely used in the USA.
The Dual Stage Sheet:
It is a combination of the 1st and 2nd stage sheets and designed to be used on its own for
grapes stored for longer than 3 weeks. These pads will continue to emit Sulfur Dioxide for 1
to 6 months depending on construction and amount of Sodium Meta‐Bisulfide.
It is critical to have sufficient absorbent paper in the box. It si recommended that an absorbent
sheet under the grapes, in the plastic bag, then an absorbent paper on top of the grapes and
then the gas sheet on top of the top absorbent sheet. This will solve the free moisture problem
that occurs with rapid transpiration and will limit the danger of bleaching by the Sulfur
Dioxide released by the Sulfur sheet.
Since the crop will need to quickly be cooled to maintain product quality, it is important that
containers have vents and the liners be perforated for easy air circulation. The packed boxes
need to promptly be transported to a facility for cooling.

6.6- Pre-cooling of harvested grapes
No phase is more critical in the postharvest handling of grapes than that of cooling which
means removal of the sensible or field heat from the fruit after harvest. Cooling is necessary
to reduce the rate of fruit respiration, retard the development of decay and most importantly to
minimize water loss from the fruit.
Harvested grapes will deteriorate more in 1 hour at 32ºC than they will in 1 day at a
temperature of 4ºC or in 1 week at a temperature of 0ºC. In fact, the amount of time between
fruit harvest and cooling is key for final fruit quality, as is also that of cooling to optimum
temperatures.
Assuming that harvest is carried out early in the morning and that harvested fruit is always
kept in the shade after picking, the amount of cooling needed to decrease fruit temperature
will be minimized.
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If access is available, forced air-cooling, as a rapid method of removal of field heat from
grapes, would perhaps be the most suitable cooling method worth consideration. In a cold
room set apart for this purpose, a portable forced aircooling tunnel can be used due to its
convenience and effectiveness. By setting up a pressure gradient across the package, there is a
positive flow of cooling air through the container from one side to the other, providing direct
contact with the packed fruit. Airflow and temperature gradients need to be monitored
regularly to insure uniform and effective cooling.

6.7- Quality Standard for table grapes
This standard applies to table grapes of varieties (cultivars) grown from Vitis vinifera L. to
be supplied fresh to the consumer, table grapes for industrial processing being excluded. The
purpose of the standard is to define the quality requirements for table grapes after preparation
and packaging.
Minimum requirements:
In all classes, subject to the special provisions for each class and the tolerances allowed,
bunches and berries must be:
-

sound; produce affected by rotting or deterioration to make it unfit for consumption is
excluded,
clean, practically free of any visible foreign matter,
practically free from pests,
practically free from damage caused by pests,
free of abnormal external moisture,
free of any foreign smell and/or taste.

In addition, berries must be:
-

intact,
well formed,
normally developed.

Pigmentation due to sun is not a defect.
Bunches must have been carefully picked. The juice of the berries shall have a refractometric
index of at least:
-

12 °Brix for the Alphonse Lavallée, Cardinal and Victoria varieties,
13 °Brix for all other seeded varieties,
14 °Brix for all seedless varieties.

In addition, all varieties must have satisfactory sugar/acidity ratio levels.
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The development and condition of the table grapes must be such as to enable them:
-

to withstand transport and handling, and
to arrive in satisfactory condition at the place of destination.

6.8- Classification:
The table grapes are classified into three classes defined below:
i) `Extra' class:
Table grapes in this class must be of superior quality. In shape, development and colouring
the bunches must to be typical of the variety, allowing for the district in which they are
grown, and have no defects. Berries must be firm, firmly attached, evenly spaced along the
stalk and have their bloom virtually intact.
ii) Class I:
Table grapes in this class must be of good quality. In shape, development and colouring the
bunches must be typical of the variety, allowing for the district in which they are grown.
Berries must be firm, firmly attached and, as far as possible, have their bloom intact. They
may, however, be less evenly spaced along the stalk than in the `Extra' class. The following
slight defects, however; may be allowed, provided these do not affect the general appearance
of the produce, the quality, the keeping quality, and presentation in the package:
-

slight defects in shape,
slight defects in colouring,
very slight sun-scorch affecting the skin only.

iii) Class II:
This class includes table grapes which do not qualify for inclusion in the higher classes, but
satisfy the minimum requirements specified above. The bunches may show slight defects in
shape, development and colouring, provided these do not impair the essential characteristics
of the variety, allowing for the district in which they are grown. The berries must be
sufficiently firm and sufficiently attached, and, where possible, still have their bloom. They
may be less evenly spaced along the stalk than in Class I.
The following defects are allowed provided the table grapes retain their essential
characteristics as regards the quality, the keeping quality and presentation:
-

defects in shape,
defects in colouring,
slight sun-scorch affecting the skin only,
slight bruising,
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-

slight skin defects.
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7- Best Harvesting Practices of Tomatoes
Determining the best time to harvest tomato fruits from an eating-quality perspective
while reducing physical damage is not easy and varies by cultivar (Casierra-Posada and
Aguilar-Avendañ o, 2008).
Other factors to consider include the mode of consumption, distance and time to market,
and, the handling and production system (Cantwell et al., 2009). The importance of
developing accurate maturity indices for each cultivar cannot be overstated, but this, too,
is challenging because of the high biological variability in ripening among similarly aged
tomato fruits (Hertog et al., 2004).

7.1- Maturity indices of tomatoes
The average time from transplanting to harvest of large-fruited cultivars ranges from 60 to 70
days for early cultivars, 70 to 80 days for mid-season cultivars, and more than 80 days for late
cultivars.
An increase in ascorbic acid content in fruit is thought to be an indication that the fruit is still
in the ripening stage, while a decrease indicates a senescent fruit.
The most important factor next to visual appearance in tomato quality is firmness which is
closely associated with ripeness stage. Most consumers prefer firm fruits which do not lose
too much juice when sliced and which do not have tough skins. Firmness affects susceptibility
of tomatoes to physical damage and consequently their shipping ability.
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The textural quality of tomatoes is influenced by skin toughness, flesh firmness, and internal
fruit structure which vary greatly among cultivars.
Flavour is a combination of taste and aroma sensations. The four tastes, sweet, sour, salty, and
bitter are perceived by certain regions of the tongue, while volatiles are perceived by the
olfactory nerve endings of the nose.
Tomato flavour involves perception of the tastes and aromas of many chemical constituents.
Sugars, acids and their interactions are important to sweetness, sourness, and overall flavour
intensity in tomatoes. The characteristic tomato flavour, thus, is produced by the complex
interaction of the volatile and non-volatile components (Buttery and Liang, 1993).
High sugars and relatively high acids are required for best flavour. High acids and low sugars
will produce a tart tomato while high sugars and low acids will result in a bland taste. When
both sugars and acids are low, the result is a tasteless, insipid tomato.
There are several reliable external and internal indices of tomato fruit maturity. The external
fruit maturity index is based on skin color, while the internal indices are based on seed
development and locular gel formation.
Also, location of the fruit on the plant and fruit size may be used as rough guides in
determining where to look for mature fruit. However, by themselves they are not reliable
indicators of maturity.

7.1.1- Skin Color:
External colour of tomatoes is the result of both flesh and skin colours. A pink tomato has a
colourless skin and red flesh while a red tomato has a yellow skin and red flesh. Fruits of
some tomato genotypes have pink, purple, orange, dark yellow, light yellow, yellow with pink
end, and other colours. However, most consumers prefer the deep, uniform red-coloured
tomatoes.
Lycopene is the pigment principally responsible for the characteristic deep red colour of ripe
tomato fruits. It is the most abundant carotenoid in ripe tomatoes, comprising approximately
80 to 90 per cent of the pigments present. Normally, tomatoes contain about 3 to 5 mg
lycopene per 100 g of fruit (Hart and Scott,1995).
The most widely used index of tomato maturity is skin color. Distinct changes in external
color occur in tomato fruit which can be used to determine harvest maturity.
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Figure 15. Color changes of mature green (MG) tomatoes to breaker (Br) stage
Skin color remains green during fruit development on the plant. As the fruit becomes mature,
the blossom end changes to a light green or whitish color. One or more distinct white streaks
usually form at the blossom end, typically in the shape of a star. At this stage, the fruit is
mature and ready for harvest and is referred to as being ‘mature-green’.
The fruit will continue to change color, regardless if it is attached or detached from the plant.
Tomato fruit coloration follows a typical sequence with ripening. With red-skinned cultivars,
after the mature-green stage the tip of the blossom end will change to a pinkish-yellow color,
which is commonly referred to as the ‘breaker stage’. The breaker stage usually occurs within
a day after the mature-green stage (Figure 15).
The entire fruit then turns color to pink, followed by light red, and finally deep red. The
ripening stages of mature tomato fruit are categorized green, breaker, turning, pink, light red,
and red (Figure 16) and are described in Table 2.

Figure 16. Ripenin stages of mature tomato fruit: from left to right: green, breaker, turning,
pink, light red, red
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For maximal market life, tomatoes should be picked at the mature-green stage. They will be
able to tolerate the stresses of handling and transport much better at this stage. Properly
handled mature- green tomatoes develop flavor to the same extent as fruit left on the vine
another day, until the ‘breaker’ stage. However, if immature green stage fruit are inadvertently
picked, eating quality is reduced.
Immature green tomatoes will ripen poorly and be of low quality. The problem is when
pickers are unable to determine the difference between immature green and mature-green fruit
in the field. A tomato picked at the breaker stage will be indistinguishable in quality from one
that has ripened to a full red color on the vine. However, fruit allowed to ripen to a full red
color before picking will have a significantly shorter market life. Red fruit will be much more
susceptible to bruising and injury during harvest and postharvest handling. This will result in
more deterioration and postharvest decay (Cantwell, 2000).

Figure 17. Maturity and ripeness stages of cherry tomatoes
Minimum harvest stage for cherry and plum tomatoes is number 4 (Figure 18).

Figure 18. Different harvest stages of plum and cherry tomatoes
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Table 2. Terminology used to describe tomato color as an indication of ripeness stage.
Color

Description

Green

The surface of the tomato is completely green. The shade of
green may vary from light to dark.

Breaker

There is a definite break in the color from green to yellow, with
pink or red skin covering not more than 10 percent of the surface.

Turning

More than 10 percent but not more than 30 percent of the surface,
shows a definite change in color from green to yellow, pink, red,
or a combination of these colors.

Pink

More than 30 percent but not more than 60 percent of the surface
shows pinkish red or red color.

Light Red

More than 60 percent but not more than 90 percent of the
fruit surface shows pinkish red or red color.

Red

More than 90 percent of the surface shows red color.

Skin color of tomatoes also can be measured with colormeter (Figure 19) and Hue° of this
colormeter values can be used for describing color again by usin simple color wheels (Figure
20) and typical objective color values for tomatoes were give in Table 3. Color charts are also
can be used for deciding color stages (Figure 22).

Figure 19. Minolta colormeter
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Hue = 90

Hue =180

Hue = 0 = 360

Hue = 270

Figure 22. Color chart
*Good red color in tomatoes Hue angle must me less than 40.
Table 3: Typical objective color values for tomatoes
L*
Pink-Orange

49.6

a*

b*

chroma

hue

16.6

30.9

35.0

61.8

Orange-Red

46.2

24.3

27.0

36.3

47.9

Red

41.8

26.4

23.1

35.1

41.2

Dark Red

39.6

27.5

20.7

34.4

37.0

Figure 21. European Color Chart Tomatoes
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7.1.2- Seed Development:
Mature green fruit have fully developed tan-coloured seeds which can be cut through when
the fruit is sliced with a sharp knife. The seeds in the immature green fruit are white and not
fully formed and are cut through when the fruit is sliced open with a knife.
7.1.3- Jelly Formation:
The fruit of the mature-green fruit is completely filled with jelly in each of the cavities.
Immature green fruit will have one or more cavities without jelly.
Internal characteristics are used for determining harvest maturity of randomly selected green
fruit of different sizes. It is then assumed that all green fruit of similar size from the same
location on the plant will be of the same maturity.

7.2- Harvesting tomatoes
The harvest maturity stage depends on the intended market destination and the time needed to
market the fruit. Tomatoes for local markets can be harvested at the mature- green stage if
they will be held for a week or more, or they can be allowed to develop more color before
picking, according to buyer preferences.
Tomatoes intended for export should be harvested at the mature-green stage, or the breaker
stage if they will be marketed as ‘vine-ripe. Fruits harvested at the breaker stage can be
handled and shipped with less damage than those with more color. The fruit from new 'longshelf life' tomato cultivars stay firm for several weeks, even when picked at the breaker stage.

Figure 22. Harvest procedure for removing ‘jointed’ tomato fruit from the plant
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Tomatoes should be removed from the
plant by gently twisting or rotating them in
order to cleanly remove the stem from the
fruit (Figure 22). The stems in most fieldtype tomato cultivars release at the point of
attachment to the fruit (termed ‘jointless’).
However, in some cultivars, a natural
abscission layer or break point forms at the
junction of the stem and the stalk when the
fruit is mature (termed ‘jointed’). With
these cultivars, pickers should grasp the
fruit firmly but gently and pull upward with
the thumb and forefinger pressed against
the stem.
The stem should then be carefully removed
prior to putting the fruit in the harvest
container to prevent puncture wounds of
adjacent fruit. Also tomatoes can be
harvested with secateurs (Figure 23).

Figure 23. Harvesting grape tomatoes with
secateurs.

Pickers should be trained on how to determine harvest maturity in order to avoid picking
immature green fruit. The quality and flavor of immature green harvested fruit will be inferior
and picking these fruit should be avoided. Green house grown (Figure 24) vine-ripe tomatoes
must be harvested every other day to avoid having too many red fruit. Mature-green tomatoes
are normally harvested only four or five times during the season (Kader, 1986).
Tomatoes should be picked during the coolest part of the day, such as early morning or late
afternoon. If they are picked in the morning, harvest should be delayed until the moisture has
dried off the fruit surface. Tomatoes should never be picked in the rain or when they are wet.
Harvesting wet fruit encourages the spread of decay.
It is also important to avoid picking the fruit when it has a pulp temperature over 25°C. Fruit
with higher pulp temperatures is very susceptible to pressure bruising when squeezed too hard
during the picking process. Fruit should never be allowed to remain in the sun for extended
periods. Tomatoes held in the sun for an hour on a hot, sunny day can be 10°C hotter than
fruit kept in the shade.
The fruit should have a smooth, shiny external appearance, with small blossom-end and stemend scars. The fruit should be void of cracks, bruises, open wounds, sunscald, insect injury,
and decay.
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Figure 24. Harvesting, sorting and labeling greenhouse grown tomatoes

Finally, the fruit should be firm enough to withstand transport and distribution to market. Soft
and over-ripe fruits should not be packed for market, as they will bruise easily and not tolerate
transport and handling without suffering high amounts of postharvest losses. High quality
fruit are firm, shiny, uniformly colored, and free of mechanical injury, shriveling, and decay.

7.3- Ethylene Treatment for Ripening MG fruit
Sometimes it is needed that MG tomatoes to be ripen fastly and uniformally for marketing. At
this time exogenous ethylene treatment is exposed like bananas. Ethylene concentrations and
treating conditions are given below:
-

Ethylene concentration: 10-100 ppm

-

Temperature: 15-25°C (best 20°C); Relative humidity: 90-95%

-

Duration: 24 to 72 hours

-

Air circulation: sufficient for distribution of ethylene in ripening room

-

Ventilation: sufficient to prevent accumulation of CO2 which reduces effectiveness of
ethylene
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Being a climacteric and perishable vegetable, tomatoes have a very short life span, usually 2-3
weeks. The small size snacking tomatoes (cherry, grape types) contain high concentrations of
sugars and acids, major contributors to tomato flavor. Postharvest recommendations indicate
that tomatoes, including cherry tomatoes, should be stored at 10°C or higher to avoid chilling
injury and even 10°C may be detrimental to tomato flavor quality (Roberts et al., 2002).
Cherry and grape tomatoes are sometimes held at lower than recommended temperatures.
Also cherry and grape tomatoes are routinely used as components on fresh cut vegetable trays
under modified atmospheres, with expected shelf-life of 14-18 days at 5-10°C. A few studies
have characterized changes in small tomatoes stored at below recommended temperatures
alone or in combination with modified atmosphere packaging (Akbudak and Akbudak, 2007).
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8- Best Harvesting Practices of Cherries
Sweet cherries (Prunus avium L.) are highly perishable non-climacteric fruits. With a high
respiration rate, their shelf life is very short and can be seen in the browning and drying of the
stems, the darkening of the fruit color, shriveling, and development of decay (Alonso and
Alique, 2006).

8.1- Maturity indices of cherries
Soluble solids content (SSC), titratable acidity (TA), SSC/TA ratio, skin color, and firmness
have all been used as indices for cherry fruit maturity, but skin color has long been accepted
as the best indicator for the appropriate harvest maturity of sweet cherries (Drake and Elfving,
2002).
Generally, two different systems for predicting optimum harvesting day are possible, (1)
calculation models or optimum harvest day equations which are using number of days after
full bloom and meteorological variables during the growing season, and (2) direct
measurement of certain physiological fruit parameters and quality characteristics during a
given period until harvest.
Optimum harvest date equations (1) are simple and unexpensive tools, but it is necessary to
establish long term records of meteorological and phenological data and at optimum harvest
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dates. The optimum harvest date equations give a general impression of the ripening situation
in normal years and for standard conditions only (Table 4).
Direct measurements of fruit characteristics (2) in certain intervals some weeks before the
estimated harvest date are more reliable for single orchards or specific cultivars, but they need
much more time and labour. The main purpose for developing such a method was to enable
the growers or store managers to apply the maturity tests themselves in their orchards or
storehouses. Therefore it was necessary to create a reliable, cheap and simple method for
optimum harvest date determination (Streif, 1996).
Table 4. Number of days after full bloom to harvest (development period) of some cherry
cultivars (Güneyli ve Onursal, 2014)
Cherry Cultivar
Dev. Period (Day)
Bing spur
40-45
Stella
55-60
Van
55-65
Jubile
55-65
0900 Ziraat
60-70
Morten Late
65-75

8.1.1- Skin Color:
For the optimal harvest time of cherries, it is necessary to be formed 90-95% specific skin
color of the fruit (Figure 25). Practically color cards are used in the skin color measurement of
the fruit (Figure 26).

Figure 25. Skin color changing of cherries during fruit development
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Figure 26. Color cards for cherries
In addition, the digital colorimeters are available in color measuring that gives values with
Lab*, chroma, Hue° (Figure 17). The fruit color variables L* (brightness or lightness; 0 =
black, 100 = white), a* (−a* = greenness, +a* = redness) and b* (−b* = blueness, +b* =
yellowness), hue angle and chroma were measured using a colorimeter. The hue angle is
expressed in degrees and is a measure of color that, for example, from 0 to 120° spans from
red to orange to yellow to green (Table 5).
Table 5. Some color measures of main cherry cultivars in Isparta province at harvest time
Cherry cultivar

L*

a*

b*

hue°

0900 Ziraat

31.2

23.7

9.6

21.6

Lapins

30.5

23.7

9.4

21.2

Kordia

28.6

18.0

6.5

19.5

Sweetheart

30.8

22.5

8.6

20.8

8.1.2- Soluble Solids Content (SS):
Minimum total SS content of cherries must be 14-16% at harvest (Mitcham, 2018). The
oncentration of sugars, expressed as either °Brix or SS%, increases during maturation and can
be measured with a refractometer. The refractometer is easy to use and can be taken into the
field to sample cherries.
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8.1.3- Fruit firmness:
Fruit firmness can be measured with penetrometers (Figure 27) or firmness testers (Figure
28). In cherries 5 mm probs are used and measurements must be taken in the equatorial zone
of the fruit. Be careful not to reach stone seed during measurement.

Figure 27. Digital penetrometer

Figure 28. Firmness Tester
Table 6. Total SS content and fruit firmness of some cherry cultivars harvested in Isparta
Cherry Cultivars

SS (%,° Brix)

Fruit firmness (N)

0900 Ziraat

17.2

13.2

Lapins

17.3

11.6

Kordia

15.8

11.3

Sweetheart

18.2

9.7
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8.2- Harvesting Cherries
Cherries will not ripen once removed from the tree. Farmers mut be patient but harvest as
quickly as possible if rain is imminent, as rain will cause the cherries to split. Harvest cherries
with the stem attached if you are not planning on using them right away.
Be careful not to tear off the woody fruit spur, which continue to produce fruit each year.

Figure 29. Harvesting cherries

Figure 30. Examples of harvesting cherries
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The point at which the cherry handle attaches to the fruit branch is harvested by lightly
pressing with the finger or by moving the fruit in the opposite direction of the position of the
fruit branch (Figure 29 and 30).

Figure 31. Proper cherry harvesting bins

Once the cherry fruits have been picked,
the fruits should be put gently into the
harvest bins. The inner surfaces of the
harvest bins, that come into contact with
the cherry must not be hard and rough
structure. If hard metal bins are used, the
inside of these containers should be
covered with soft cloth (Figure 31).
Plastic containers can also be preferred.
Harvest bins should not be too large. The
harvest bins must not be so full as to avoid
crusing cherry fruits which are harvested
and put at the bottom of bins. For this
reason, harvest bins often must be emptied
into the bigger containers without waiting
for the harvest bins to be completely filled
(Figure 32).
Figure 32. Transfering harvested cherries
to bigger containers
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8.3- Mechanical harvesting of cherries
Washington State University and USDA-ARS scientists have developed an experimental
mechanical harvester for fresh market sweet cherries and apples (Peterson, 2005); this
machine harvests the sweet cherries without their stems. A chemical fruit-loosening agent
(abscission) is first applied to the trees a few days before harvesting. The mechanical
harvester is a two-part self-propelled machine with each part going on opposite sides of the
trees.
Cushioned catcher pans on each unit are used to seal around the trunk and connect the two
units. The harvester has a high density rubber arm on each unit that bumps the tree branches,
and this energy dislodges the ripe fruit (Figure 33).
Both harvesting units have inclined catchment tables, but the mechanical conveyors are
covered with a soft spongy material that reduces impact and the padded conveyers move the
fruit gently to the outer top side of each of the machines catching tables. As the fruit rolls over
the table a fan blows away leaves and trash, and the fruit passes to two slowly rotating modest
sized storage bins or boxes.
A benefit to growers and consumers is that mechanically harvested cherries have less bruising
or damage than hand- harvested fruit and reduced exposure to bacteria-laden human hands.
Sweet cherry consumers are accustomed to their cherries having stems, but research has
shown that consumers can make the transition to stemless sweet cherries.
For mechanically harvesting sweet cherries and apples, aspecial tree architecture is needed—
short with a “Y” shape, opposed to the 20-25 feet tall conventional trees (Figure 33).
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Figure 33. Mechanical cherry and apple harvester

The mechanical sweet cherry harvester has excellent long-term potential for harvesting high
quality sweet cherries for the fresh market at an 80-90% reduction in harvest labor costs with
less damage than hand-harvested cherries (Whiting, 2006).

8.4- Pre-cooling of cherries with an hydro-cooler
The technology the hydro-cooler uses avoids fruit damaging, shrinking, weight loss or loss of
flavor characteristics. By washing and cooling in the hydro-cooler, the temperature of the
cherries reaches +2°C as soon as possible (Figure 34).

Figure 34. Hydrocooling cycle of cherries
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8.5- Packaging of cherries
At commercial level, cherries are packed in fibreboard boxes within polyethylene film liners
to a large extent and also in wooden crates in some areas. Shrink packaging in plastic punnets
is also carried out which affects the texture of fresh cherries to a large extent. The boxes are
stacked to a pallet and the removal of heat under these conditions is very slow. Boxing and
palletizing creates barriers that result in widely different gas atmospheres and the chances of
spoilage are higher.
Recently, Modified atmosphere packaging (MAP) of cherries has been used and widely
studied to enhance the shelf life and reduce post harvest losses. One of the most important
attributes of MAP is that it can preserve green stem colour and fruit firmness, both critical
attributes for marketing cherries in retail stores (Kappel et al., 2002).
It effectively retards deterioration of certain cherry quality parameters (Artes,
Go´mez&Arte´s-Herna´ndez, 2006) and decay caused by fungal growth. By altering the levels
of gases in the modified atmosphere (MA) package, reduction in various natural spoilage
processes including decline in respiration rates, reducing oxidation and preventing bacterial
and fungal growth can be achieved.
MAP appears to offer cherry growers a tool for maintaining quality during storage and
marketing. MAP treatments maintain fruit colour and intensity (brightness), preserve green
stem colour, maintain fruit firmness, prevent water loss and shrivelling, and keep cherries in
excellent condition
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9- Best Harvesting Practices of Figs
Fig is a type of fruit that can grow in subtropic and mild temperate climate zone. Fresh and
dry figs have great importance for both nutritional and socio-economical aspects; considering
the economical usage of mountainous areas, supporting sustainable environment and creating
employment. Anatolia is accepted to be the genetic origin of fig.
Turkey, is the biggest fig producing country in the World supplying 23,6% of all fresh figs
and 54,3% of dry figs. Turkey is also the leading country in fig export with 24.700 tons of
export (TUİK, 2018). Following countries are Austria, Spain and Holland.
Fresh market figs must be harvested when almost fully ripe and firm to be of good eating
quality.
Skin color and flesh firmness are dependable maturity and ripeness indices: ‘Bursa Siyahı’
(Brown Turkey fig) figs should be light to dark purple rather than black and should yield to
slight pressure (Figure 35). ‘Sarı Lop’ figs should be yellowish-white to light yellow and firm
(Figure 36).

Bursa Siyahı is mostly produced in Bursa
to be consumed as fresh. Its fruits are,
-

large
round-shaped
have no or negligible internal space
easy to peel off
textured
resistant to transport

Some charecreristics of Bursa Siyahı fig is;
-

pH
Acidity
Brix
Total dry matter
Reducing sugar

: 4.55
: 0,18-0,19%
: 17-18%
: 20%
:17,60%

Figure 35. Bursa Siyahı
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-

Little kernels
Thin peels
Suitable to be dried
Produced mainly in Aydın and
İzmir
pH: 5,1
Acidity: 17-19%
Brix: 20-22%
Total dry matter 23-24%
Reducing sugar 21%
Humidity: 22-24%
Sugar ratio: 50-55%
Fruit weight 65-70 g
Diameter 55-60 mm

Figure 36. Sarılop
Some charecteristics of Sarılop;

Fresh figs are picked when they begin to soften, and the color change indicates maturity.
Since fresh figs ripen irregularly, picking should be done daily or weekly during the long
harvest period (4 to 6 weeks).
Figs must be allowed to ripen fully on the tree before they are harvested; they will not ripen if
picked immature. As a result, the fruit picked at underripe stage never reaches optimal flavor.
After harvest, figs may continue softening and changing color, but their sugar level does not
increase (Aksoy, 1997; Rodov et al. 2002).
As mentioned, the figs picked at an underripe stage do not reach a desirable flavor even if
they are stored for long periods (Aksoy, 1997; Rodov et al. 2002). However, fruit harvested
too late is prone to fast deterioration and has a short market life. Due to these reciprocal
relations between fig quality and longevity, determining a proper harvest maturity stage is
critical for successful marketing of fresh figs.
The choice depends on many factors, including consumer quality expectations, life span
required for marketing, storage conditions and technologies available, and cultivar storage
potential.
That is why literature recommendations for optimal harvest maturity may be quite variable,
for example, from "fully ripe stage" (Aksoy, 1997) through "almost fully ripe" (Crisosto and
Kader, 2004) or from "slightly unripe" (Morton, 1987) to "beginning of softening". (Tous and
Ferguson, 1996).
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Moreover, some authors (Lima et al. 2005) described harvesting and storage of truly unripe
fresh 'Roxo de Valinhos' figs having soluble solids content (SSC) below 6%, at least 2.5 to 3
times lower than potential SSC level for the same cultivar. The utilization of these unripe fruit
was not clarified; possibly, they could be intended for industrial use (canning), as briefly
mentioned by Pasqual et al. (2003).
Side cracking and ostiole-end splitting skin damage affected decay development and the
percentage of sound fruit during fresh ﬁg (Ficus carica L.) postharvest handling and
marketing.
In current commercial cultivars consumers prefer fresh ﬁgs at the tree ripe maturity stage
(Crisosto and Kader, 2004). Fresh ﬁgs harvested between commercial and tree ripe maturity
are highly susceptible to postharvest deterioration and are more perishable than other crops
(Turk, 1989) because they have an epidermis that is easily damaged and a high sugar content.
Thus, the postharvest life of fresh ﬁgs isextremely short and the majority of fresh ﬁg
consumption takes place near the centers of production (Turk, 1989).

Figure 37. Tree of Bursa Siyahı
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9.1- Maturity Indices of Figs
Fruit firmness and color are the most useful criteria for selecting fruit suitable for picking.
'Mission' figs should be light to dark purple rather than black and yield to slight pressure;
'Calimyrria' figs should be yellowish white to light yellow and firm (Crisosto and Kader
2004).
Mature figs should have their own specific peel color and be shiny, flexible and peelable.
Besides, for some certain species scratches and cracks are formed as a sign of maturity. Milk
secretion is ended or diminished. Fruit flesh is sweet and soft. The taste of the fruit improves
in ripening period due to the increasing amount of sugar. In overmature figs undesired
conditions start to occur such as water loss and fermentation.
Optimal picking criteria for successful airfreight shipment of summer crop 'Brown Turkey'
figs from Israel to Europe were: firmness, (resilient to soft) and color (70 to 90% purple with
background color light green to yellowish). Harvest indices were different for the same
cultivar picked in autumn (Rodov et al. 2002).
Harvesting 'Black Bursa' figs before full ripeness (firmness of 3:7 N cm-2 vs 1.5 N cm-2 in a
ripe fruit) extended their storage potential from 4 to 6 weeks, but did not allow the fruit to
achieve maximal quality (Turk, 1989; Celikel and Karacalı, 1998). Still, it seems that the
quality attained in that case was higher than that of many cultivars present in the market.

Figure 38. Figs harvested at different maturities
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9.2- Harvesting Figs
Harvesting must be done done by hand. A hook or harvesting ladder can be used for the
harvest of the higher fruit. It is recommended for pickers wear gloves and long-sleeve clothes
to prevent skin irritations caused by the fig latex; although gloves would markedly reduce
finger sensitivity so important for fruit firmness perception. The harvest must be done by
bending the shells and stalks of the fruit without glare (Figure 39).

Figure 39. Harvesting figs
The product should not be exposed to sunlight and harvesting should be done early in
morning hours. The harvested fruit should be placed in the main packaging container to be
used as far as possible. Direct packaging is not possible because the trees in the current
growing system are very high. In this case, first buckets or plastic containers should be used
for the damage and crushing of the fruit (Figure 40). Packaging should be done in shadows
and cool places.
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Figure 40. Plastic containers and buckets for harvested figs

Since fresh figs ripen sequentially along the shoot, picking should be done repeatedly during
the harvest period. The selective harvesting of suitable fruit demands experienced and trained
pickers. A simple portable firmness tester (penetrometer) may be adjusted in order to train
harvest teams and to "calibrate" their picking criteria (Rodov et al. 2002).
One of the biggest harvesting failure is to pick underripe and unsweetened figs in order to
extend transportation and marketing time. Maturation stops after picking from the tree,
therefore these underripe figs do not gain the specific color and taste.
Both under and overripe figs face diffucilties while marketing. (Figure 41 and 42).

Figure 41. Early harvest

Figure 42. Late harvest

9.3- Packaging of figs
In the preparation of fresh figs to the market, wooden boxes and cardboard boxes are used as
packaging containers. The packaging should both protect the product and attract the customer.
Therefore it must be both sturdy, stylish and properly labeled. Cardboard boxes can meet
these requirements but they should be of high quality unless they breakdown causing the fruit
to smashed.
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Figs should be placed in boxes in plastic or paper viols similar to those used in the packaging
of some other fruits (Figure 43). These viols are useful to avoid the packaging to get dirty
because of the secretions of the fruit.

Figure 43. Cardboard box packaging for fig
Fresh figs can be stored at 00C and 90% relative humidity for two weeks. Pre-cooling can be
beneficial to extend storage time. Fresh figs show indications of freezing at -2,7o0. Hence it is
important to keep the storage temperature over -2,7o0 to avoid freezing.

0 0C

5 0C

O2 3%
CO2 6%

O2 3%
CO2 12%

O2 3%
CO2 18%

Figure 43. Figs stored at different conditions
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9.4- Ten Basic Postharvest Principles
1- Harvest at correct maturity
2- Reduce physical handling
3- Protect product from sun
4- Keep packingline simple and clean; ensure good worker hygiene
5- Select, classify, and pack carefully
6- Align cartons, strap pallet
7- Cool as soon as possible
8- Know market and product requirements
9- Coordinate efficient & rapid handling
10- Train and compensate workers adequately
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