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Preamble

In today's dynamic world, where agriculture and horticulture are constantly evolving,
having up-to-date and accurate information on propagation and seed production is essential.
That is why I am thrilled to present this comprehensive course document, designed to guide

students through the complexities of propagation and seed production.

This course aims to provide an in-depth understanding of vegetative and sexual propagation
techniques, exploring the latest advancements and best practices in the field. We will cover key
topics such as breed creation and selection, registration and approval of varieties in the
national catalog, soil preparation, seed germination, propagation of plants, care for growing
plants, harvesting, marketing, and storage of plants and seeds. Additionally, we will examine
the environmental and economic considerations surrounding propagation and seed production,

promoting sustainable and profitable practices.

This document has been carefully crafted, drawing on the knowledge and expertise of industry
professionals. It aims to provide clear and detailed instructions, accompanied by illustrations
and practical advice. Our aim is to equip students or our future engineers with the tools
necessary to succeed in their plant and seed production ventures, whether it be a personal

passion or a commercial endeavor.

| sincerely hope that this course will become a valuable resource for all those looking to
deepen their knowledge in this fascinating field. I am confident that you will find valuable

information in the following pages.

Happy reading and best of luck on your journey towards mastering seeding sans seed

production.
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Introduction

Plant and seed production is the mainstay of agriculture, its importance lies in ensuring food
security and sustainable economic development. This is a complex and essential sector that
deserves special attention because of its profound impact on agriculture and society as a whole.
The role of seeds and seedlings is essential in crop production, agriculture and food on a global
scale. This challenge has become increasingly important over time, especially at the beginning
of the 21st century, due to population growth.

Plant and seed production is the basis for productive and sustainable agriculture. Producing
healthy and sustainable materials is essential to ensure abundant and quality harvests, which in
turn influences the species' resistance to disease and environmental challenges, such as climate
change, by providing suitable varieties capable of withstanding harsh conditions ((Sendekie,
2020).

Plant and seed production conditions are strictly regulated and require careful attention to
detail. Producers must maintain high standards of quality and purity, thereby ensuring the health
and vigor of plants and seeds. This often involves controlled production environments, rigorous
testing, and carefully managed cultivation practices. Seed production, in particular, can be a
long and painstaking process, sometimes requiring several years to produce quality seeds ready
for sale (Kumar et al.,2023).

The socio-economic position of this production is also significant. It is a thriving global
industry, employing large numbers of people and contributing significantly to local and national
economies. Farmers, seed producers, seed companies and researchers are working together to
advance this sector. Farmers depend on access to quality seedlings to ensure the success of their
crops, while seed companies invest in research and development to create new and improved
varieties. Economically, the seed and planting industry is a dynamic sector that offers
significant opportunities for farmers and businesses, boosting local and national economies.
However, it also raises ethical and legal issues, including patents and intellectual property

rights, which can affect smallholder farmers' access to seeds (Singh et al., 2023).

However, biodiversity conservation is linked to the production of plants and seeds, through

the preservation of genetic diversity from the seed collection and gene banks, which ensures
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the availability of important and vigorous genetic material for future generations. This
collection point of genetic varieties, remains a key and important factor for research and
development, as well as for the creation of genetic material resistant to threats such as diseases,
pests and climate change (Benech-Arnold & Rodolfo, 2004).

All in all, the field of plant and seed production is the main driver of modern agriculture, it
ensures food security, improves the means of variety creation, provides farmers with vigorous

and healthy plant material, and ultimately supports the national economy.

Plant and seed production is a pillar of modern agriculture, providing food security, improving
farmers' livelihoods and contributing to the economy. Finally, plant and seed production is a
complex and fundamental science that requires sustained attention to support sustainable
agriculture and food security in the context of current environmental and socio-economic

challenges.

This course is divided into three chapters, allows you to familiarize yourself with the tools
necessary for the control of the production of plants and seeds, and to acquire skills in the use
of techniques for the production of seeds and plants of high quality in terms of resistance to

diseases and climatic hazards, as well as in good quantity.

At the end of this learning unit the student will be able to master the different techniques of
planting and production of plants and seeds, as well as the standards of harvesting, conditioning

and marketing of plants and seeds.
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1 Chapter I. Generalities

1.1 Plant material

The term "plant material™ refers to any part of a plant that can be used for propagation or
vegetative reproduction. It includes seeds, seeds, cuttings, grafts, bulbs, rhizomes, tubers, and
any other part of the plant capable of giving life to a new plant. Plant material is essential in
agriculture, horticulture, and the seed industry, as it forms the basis for the reproduction and

multiplication of desired plants (Persson, 2014).

1.2 Aplant

Is a young plant, usually resulting from the vegetative propagation or germination of a seed,
which is ready to be transplanted or planted in its final location. Plants are often grown in
nurseries or greenhouses, where they receive careful care during their early stages of growth
(Hartmann, 2014).

1.3 Seed

According to the Food and Agriculture Organization (FAQO), a seed is "plant material
intended for reproductive or vegetative propagation, including seeds of generations F1 and F2,
as well as seeds of improved or selected populations” (FAO, 2020). Seeds are usually produced
from carefully selected and improved plants, and they undergo rigorous quality control
processes to ensure their purity, health, and performance. Seeds are important because they
allow farmers and horticulturists to grow uniform and predictable plants, with desired

characteristics such as high yields, disease resistance, or improved quality.

1.4 Grain

A grain is the unit of reproduction and dispersal of many species of flowering plants. It
contains a developing embryo surrounded by a reserve of food, often stored in a protective
coating. Seeds are produced naturally by plants and can be dispersed by wind, water, or animals.
Each seed has the potential to germinate and grow into a new plant, although not all seeds
germinate immediately and some may remain dormant for extended periods of time. Seeds are

an essential part of the plant life cycle and the preservation of plant species (Robinson, 2020).

1.5 What is the difference between seed and grain
The main difference between a seed and a seed lies in their origin and intention of use:

151 Seed
A seed is a specific type of plant material that has been deliberately cultivated, selected, and

improved for particular characteristics. Seeds are produced from carefully selected mother
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plants, often under controlled conditions, to ensure their desired purity and traits. The seeds are
intended for use in commercial agriculture and horticulture, and are typically sold for large-
scale planting purposes. Seeds are subject to strict standards and regulations to ensure their
quality and performance (Robinson, 2020).
1.5.2 Grain

A grain, on the other hand, is a more general term that refers to any unit of dispersal and
reproduction naturally produced by a plant. The grain may be the result of natural pollination,
and they may or may not have the desired characteristics for agriculture or horticulture. Grains
can be dispersed by natural forces, germinate spontaneously, and give rise to new plants.
Although some seeds can be used for planting purposes, they are not subject to the same

rigorous standards of quality and purity as seeds.



Chapter I. Plant and Seed Production Course Dr. CHELEF. M

2 Chapter Il. Objectives and methods of varietal improvement in fruit growing

Varietal improvement in fruit crops is an essential area of agriculture that aims to develop
fruit varieties that meet the needs of producers, consumers and the environment. These efforts
aim to obtain high-quality fruits, adapted to local growing conditions, resistant to diseases and
pests, and with optimal taste and nutritional characteristics (Gallais, 2011, 2018).

2.1 Objectives of varietal improvement

e Increased yield: One of the main objectives is to increase the yield of fruit crops to
meet the growing demand for fruit on the global market.

e Improved quality: Selection of varieties with superior organoleptic qualities such as
flavor, texture, color and shelf life is crucial to satisfy consumer expectations.

e Disease and Pest Resistance: Developing varieties that are resistant or tolerant to
disease and pests can reduce pesticide use, minimize crop losses, and promote
sustainable agricultural practices.

e Adaptation to environmental conditions: Selecting varieties capable of thriving in
different environmental conditions such as climate, soil and altitude is essential to
ensure the sustainability of fruit production.

e Improved nutritional value: Selecting varieties rich in beneficial nutritional
compounds such as vitamins, antioxidants and fiber helps promote a healthy and

balanced diet.

2.2 Varietal improvement methods
According to Gallais (2015, 2018), the varietal improvement methods are:

2.2.1 Mass selection
This method involves observing and selecting individuals with the desired characteristics in

a plant population to create new varieties.

2.2.2 Hybridization
Deliberately crossing parental varieties to combine desired traits and produce offspring with

increased genetic diversity.

2.2.3 Marker-Assisted Selection (MAS)
Using molecular techniques to identify genetic markers associated with traits of interest,

thereby speeding up the variety selection process.
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2.2.4  Induced mutation
The use of ionizing radiation or chemicals to induce random genetic mutations and create

new phenotypic variations in plant populations.

2.2.5 Biotechnology and Genetic Engineering:
The introduction of specific genes or modification of gene expression to confer desired

characteristics such as disease resistance, stress tolerance, and improved fruit quality.

2.3  Varietal creation by clonal selection of fruit trees
2.3.1 Definition
Clonal selection makes it possible to create new varieties with sought-after characteristics, a
technique used for species whose reproduction is asexual through the use of plant parts that
ensure the multiplication of the mother plant. Clonal breeding represents the basis of creative
breeding in order to shout out new plant species with important genetic data, this is plant
breeding. Clonal selection is a reproductive process in which organisms are reproduced from
clones, i.e. genetically identical copies of the parent organism. In other words, clonal selection
involves the propagation of individuals who have specific and desirable characteristics using
asexual reproduction methods, such as cutting, grafting, or tissue culture, rather than sexual
reproduction. This process is commonly used in agriculture, horticulture and forestry to

maintain and propagate genetically desirable traits in plants (Wyss et al., 2001; Gallais, 2011).

2.3.2 The stages of varietal creation by clonal selection of fruit trees
2.3.2.1 Selection of the clone parent
The first step is to select a parent individual or a clone with the desired characteristics, such
as productivity, fruit quality, resistance to disease, tolerance to stress, etc. In summary, WYyss
et al. (2001) as well as Gallais (2011), noted that the first selection is based on qualitative
characteristics that are easy to detect, the latter is done by first sorting the mutants or progeny

of crosses according to:

e Productivity matters because, in the words of the institute:
e Disease resistance
e The product quality

e Various quantitative characteristics often not very heritable.

2.3.2.2 Vegetative propagation
Once the clone parent is selected, vegetative propagation methods are used to produce

genetically identical clones. Propagation techniques include grafting, cuttings, layering, micro
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propagation in vitro, etc. Based on behavior, yield and growth, some clones will be preserved
for the third step, which consists of cultivating these selected clones in large plots with several
repetitions and multi-local tests, in order to compare the different selected genotypes and
estimate their adaptability (WYyss et al., 2001; Gallais, 2011).

2.3.2.3 Clone multiplication

The clones thus produced are multiplied in large quantities to create a homogeneous
population of fruit trees with the same characteristics as the cloned parent. The results of these
two steps are used to propose one or more clones, probably for particular regions or production
conditions. The breeder must look for parental plants (other varieties or wild relatives) in order
to develop a new variety with the desired traits, by making crosses between them. To facilitate
selection, there are several techniques to choose from, hence the method of multiplication of
the species (autogamous, allogamous, vegetative multiplication) and the character sought
represent the bases of choice (Wyss et al., 2001; Gallais, 2011).

2.3.24 Evaluation and selection
The multiplied clones are evaluated to confirm the stability of the selected characters and
their adaptation to local culture conditions. The best clones are kept for commercial production
or to serve as new parents in the selection process. This step is essential to better highlight the
performance of these clones. Selected genotypes are compared in larger plots using multiple
replicates. At the end of the experiment, one or more clones are proposed, possibly for specific

regions or production conditions (Wyss et al., 2001; Gallais, 2011).

Finally, it can be said that through the use of clonal selection, growers can maintain the
stability of desirable characteristics in fruit tree varieties, allowing consistent production of

high-quality fruit.

2.3.3 Techniques for clonal propagation of fruit trees:
2.3.3.1 Transplantation
Transplantation is one of the most commonly used methods for clonal propagation of fruit
trees. It involves attaching a piece of tissue (the graft) of a selected individual to a compatible
rootstock, thereby ensuring the exact reproduction of the graft's characteristics
(Sbay et al., 2015).

2.3.3.2 Cutting
This method involves taking sections of stems, branches or roots from the parent individual

and rooting them to produce new genetically identical plants (Sbay et al., 2015).
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2.3.3.3 Watermarking
Watermarking involves encouraging the rooting of the branches or stems of the parent tree
while remaining attached to the parent tree, thus producing new clonal plants (Sbay et al.,
2015).

2.3.3.4 Invitro micro propagation
This technique involves growing plant tissues in a sterile medium in the laboratory to mass
produce clones. It is used for the large-scale production of high quality and healthy seedlings
(Sbay et al., 2015).

2.4 Varietal creation by mutations of fruit trees

A genetic mutation is a permanent change in the DNA sequence that constitutes the genetic
material of an organism. These mutations can occur in different ways, such as nucleotide
substitutions, nucleotide insertions or deletions, or rearrangements of large sections of DNA.
Mutations can occur spontaneously during DNA replication processes or be induced by external
agents such as radiation or chemicals. Genetic mutations can have various effects on an
organism, depending on where they occur in the genome and the nature of the genetic change.
Some mutations may not have a visible effect, while others may result in phenotypic changes,
such as alterations in the color, size, shape, or behavior of an organism. In some cases, the
mutations may also be associated with genetic diseases or predispositions to pathological

conditions.

In evolutionary biology, genetic mutations provide the raw material for the process of natural
selection, contributing to genetic diversity within populations and allowing organisms to adapt

to their changing environment over time.

Mutagenesis can be defined by the modification of the genetic code leading to the appearance
of a mutation. This genetic phenomenon can be natural or artificial (the intervention of
mutagenic agents). Mutagenesis is used in genetic engineering and biology to understand the
function of genes. It can be carried out by physical or chemical mutagens. Mutagenesis is a
sudden and irreversible modification of the genetic material leading to a modification of the
nucleotides of the DNA of a gene (Wyss et al., 2001; Gallais, 2011, 2015).

2.4.1 Types of mutations
2.4.1.1 Gene mutations (qualitative)
They are point mutations which intervene in the modification of the nucleotides of the DNA

of a gene. These mutations are at the origin of the richness in alleles. These are mutations
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mapped to a single position or “point” in a gene. There are two main types of point mutational
changes in DNA: base substitutions and base additions or deletions (Wyss et al., 2001; Gallais,
2011, 2015).

2.4.1.1.1 Molecular Consequences of One-Time Mutations

e Substitution: One nucleotide base is replaced by another. Substitutions can be:

v" Synonymous mutation = silent: A mutation that changes a codon corresponding to
one amino acid to another codon of the same amino acid.

v’ False sense mutation = not synonymous: The codon of one amino acid is replaced
by a codon of another amino acid.

v" Nonsense mutation: The codon of an amino acid is replaced by a translation
termination codon (stop codon). (Has a considerable effect on the function of the
protein — protein completely inactive).

v Indel mutation: Are read shift mutations leading to total deletion of the original

sequence and loss of protein function.

2.4.1.2 Chromosome mutations:
This type of mutation is characterized by a profound change in the structure of one or more

chromosomes, appears in the karyotype, and are quantitative mutations (Gallais, 2011).

2.4.1.3 Genomic mutations

Genomic Mutations occur when a complete chromosomal configuration is replicated. In
nature, these phenomena, which rarely occur, boil down to the polyploidy that results from the
fusion of the gametes of two different species, or from the non-reduction of chromosomal
number during meiosis. Genomic mutations are usually harmful to an organism because they
disrupt the delicate balance of functions of thousands of genes. Nevertheless, it is common for
new varieties of plants to be borne by polyploids. This is a variation in the number of
chromosomes (ploidy) Euploidy: regular modification of the number (haploidy, diploidy,
tetraploidy,etc.) ; Aneuploidy: this is the existence of a surplus number of chromosomes.
Example: Trisomy (2n+1), Tetrasomy (2n+2), Monosomy (2n-1) (Gallais, 2011).

2.4.1.4 Cytoplasmic mutations
Generally found in angiosperms and localized in mother-bearing chloroplasts and

mitochondria. Cytoplasmic mutations are distinguished by reciprocal crosses (Gallais, 2011).
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2.4.2 Some types of specific mutations that can be seen in fruit trees
Genetic mutations in fruit trees can result in a variety of phenotypic traits, ranging from
minor variations in fruit color or shape to major changes in fruit growth, productivity, or quality
(Udage, 2021).

2.4.2.1 Fruit color mutation
Mutations affecting fruit pigmentation can result in color variations, such as darker or lighter
fruits than the parental variety. Example: 'Fuji* apples were produced from a natural genetic

mutation in a 'Ralls Janet' apple, resulting in a more intense red coloration (Udage, 2021).

2.4.2.2 Flavor mutation
Mutations can alter the compounds responsible for fruit flavor, resulting in variations in taste
or aroma. Example: Some mutations in citrus fruits can influence the content of acids or sugars,
thus affecting the taste of the fruit (Udage, 2021).

2.4.2.3 Texture mutation
Mutations can influence the texture of fruits, making them crunchier, juicier or mor tender.
Example: Mutations in pears can affect the texture of the flesh, making the fruit more melting
or firm (Udage, 2021).

2.4.2.4 Growth and shape mutation
Mutations can alter the growth of fruit trees, resulting in changes in fruit size, shape or
structure. Example: Mutations can produce fruits of unusual shapes, such as pear-shaped apples

or citrus fruits with growths (Udage, 2021).

2.4.2.5 Disease resistance mutation
Some mutations may confer increased resistance to diseases or pests, reducing the need to
use chemicals for crop protection. Example: Mutations in apple trees can lead to increased

resistance to scab, a common fungal disease (Udage, 2021).

2.4.2.6  Mutation of ripening period
Mutations can alter when fruits reach ripeness, allowing for earlier or later harvest. Example:
Mutations in cherry trees can delay the flowering and fruiting period, thus prolonging the
harvesting season (Udage, 2021).

These examples illustrate how genetic mutations can contribute to the diversity of fruit
characteristics in fruit trees, providing opportunities for varietal improvement and the creation

of new varieties tailored to the needs of producers and consumers.

10
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2.4.3 Mutagens
Induced mutations are due to the action of certain agents called mutagens, the latter are
defined as physical and chemical agents responsible for the appearance of mutations; by the
replacement of a base in the DNA molecule, the modification of a base or the damage of a base
(Udage, 2021). These agents can be:

v" Physical such as certain types of electromagnetic waves (X-rays, gamma rays, ultraviolet
rays).

v' Chemicals such as chemicals that interact with DNA (or possibly with RNA) such as
pesticides, benzene derivatives, solvents, etc., or chemicals that interact with elements
involved in DNA replication, such as colchicine, which prevents the formation of the

achromatic spindle, resulting in an alteration in the number of chromosomes.

2.4.4 Benefits of mutagenesis in fruit trees
According to Alvarez et al. (2021), the main objectives are:

¢ Improvement of agronomic characteristics: such as yield, fruit quality, resistance to
diseases and pests, shelf life of fruit, etc.

e Genetic diversification: by introducing new genetic variations to broaden the genetic
diversity of genetic varieties.

e Reducing the use of chemicals: by developing varieties that are more resistant to
diseases and pests in order to reduce dependence on pesticides and other agricultural
chemicals.

e Acceleration of breeding programs: by quickly identifying the desired traits, which
allows new varieties adapted to the needs of producers and consumers to be obtained

more quickly.

2.5 Hybridization in the plant world
Hybridization involves crossing two parents by transferring pollen. This technique has
nothing to do with gene manipulation or GMOs. The term hybrid can be simply the crossing of
two parental units that are clones, families or populations, of the same species, this is the case
of intraspecific hybrid, or interspecific hybrid in the case of different species. In plant breeding,
the hybrid refers to a commercialized variety, represents the result of a large-scale controlled

crossing of both parents (Henderson & Salt, 2017).

Hybridization is the cross-fertilization of the egg of a plant by pollen from another plant of

the same species. In allogamous plants, hybridization is natural which leads to the appearance

11
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of new genetic varieties, such as maize, and sunflower, on the other hand in autogamous plants,

hybridization is rare or accidental, and it may be artificial (Henderson & Salt, 2017).

Hybridization serves to bring together genes from different individuals in the same organism,
which leads to the appearance of new traits with great vigor: it is hybrid vigor or heterosis.
Genetic diversity is due to intra- and interspecific hybridization, these hybridizations allow the
creation and increase of genetic variability. Depending on the mode of reproduction; allogamy

and autogamy, gene transfer by directed crosses is carried out (Henderson & Salt, 2017).

2.5.1 Interspecific hybridization
Interspecific hybridization is defined as the crossing between two varieties of two genetically
different species, it is a recombination between different species with more or less different
genomes. Interspecific hybridization can be natural. Hence, it represents the only way to
promote gene exchanges between species, enrich and diversify their genetic heritage, as it can
be artificial, it is due to the intervention of agronomists and foresters that allows the
combination of favorable traits of species, to broaden the genetic diversity of a particular

species or to break the unfavorable links between characters (Henderson & Salt, 2017).

This type of hybridization can be carried out with the aim of creating hybrids that combine
the desirable characteristics of both parental species. These characteristics may include disease
resistance, tolerance to adverse environmental conditions, high yields, improved nutritional
qualities, or other agronomic or horticultural traits. Interspecific hybridization in fruit trees is
the controlled crossing of two different botanical species belonging to the same or related
genera, with the aim of creating hybrids that combine the desirable characteristics of both
parental species. Interspecific hybridization can be carried out between different species of
related fruit trees, such as apple and pear trees, or even between species of different genera,
subject to genetic compatibility. This technique can also be used to introduce new genes or
specific traits into the genetic heritage of a given species by crossing related species that have
these desirable traits. This technique can also be used to introduce new genes or specific traits
into the genetic heritage of a given species by crossing related species that have these desirable
traits (Henderson & Salt, 2017).

2.5.1.1 The stages of interspecific hybridization of fruit trees
The process of interspecific hybridization in fruit trees may vary depending on specific
species, breeding objectives, and the resources available for the breeding program (Henderson
& Salt, 2017).

12
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Parent selection: The first step is to choose parent trees that have desirable
characteristics for hybridization. These characteristics may include qualities such as
disease resistance, tolerance to environmental conditions, fruit quality, yield, etc.
Parent Tree Preparation: Prior to crossing, parent trees are often prepared in terms of
crop management to ensure that they are healthy and vigorous. This may include
practices such as fertilization, irrigation, pruning, and protection from diseases and
pests.

Cross-pollination: Parent tree flowers are cross-pollinated in a controlled manner to
create hybrids. This can be done manually by transferring pollen from one species to
another using instruments or by letting natural pollinating insects, such as bees, do the
work.

Hybrid fruit development: Once successfully cross-pollinated, hybrid fruits begin to
develop. These fruits will be the offspring of the parental trees and will carry a
combination of genetic characteristics of both species.

Hybrid evaluation: Hybrid fruits are evaluated for various characteristics such as fruit
quality, disease resistance, yield, etc. This may require several years of monitoring to
observe hybrid tree performance under different environmental conditions.

Selection of the best hybrids: Hybrids with the most desirable characteristics are
selected for use as parents in future generations. These hybrids can be cloned by grafting
or other vegetative propagation methods to produce identical trees.

Additional Testing and Commercialization: Before being introduced to the market,
new hybrid fruit tree cultivars may undergo additional testing to confirm their
performance under a range of growing conditions. Once their agronomic value is

confirmed, they can be scaled up and made available to producers and consumers.

2.5.2 Some examples of interspecific hybridization of fruit trees

Nectarine: Nectarine: is an example of an interspecific hybrid between peach (Prunus
persica) and hairy peach (Prunus davidiana). Nectarine is characterized by its smooth
skin and juicy flesh, as opposed to the hairy skin and slightly more fibrous flesh of the
peach.

Pluot: Pluot is an interspecific hybrid between plum (Prunus domestica) and apricot
(Prunus armeniaca). It combines the characteristics of plum and apricot, offering a sweet

and tangy flavour with a juicy texture.

13
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e Aprium: Aprium is a cross between the apricot tree (Prunus armeniaca) and the Japanese
plum tree (Prunus salicina). It has intermediate characteristics between apricot and plum,
with smooth skin and soft, juicy flesh.

e Plumcot: The plumcot is a hybrid between the European plum tree (Prunus domestica)
and the apricot tree (Prunus armeniaca). It shares characteristics of both plum and
apricot, with slightly velvety skin and sweet, juicy flesh.

e Tangelo: Tangelo is a cross between grapefruit (Citrus paradisi) and mandarin (Citrus
reticulata). It combines the sweet taste of mandarin with the larger size and juicy texture

of grapefruit.

2.5.3 Some examples of hybridization in Algeria
In Algeria, interspecific hybridization of fruit trees is also practiced to develop new varieties

adapted to local conditions.

e Peach x Almond: In Algeria, attempts have been made to cross peach (Prunus persica) with
almond (Prunus dulcis) to produce hybrids resistant to local environmental conditions,
including drought and disease. These hybrids could potentially combine the sweet fruits
of the peach tree with the resistance and drought tolerance of the almond tree.

e Apple x Quince: Hybridization between apple (Malus domestica) and quince (Cydonia
oblonga) could be considered to create new varieties adapted to Algerian climates and
soils. The hybrids could exhibit a combination of the characteristics of these two fruits,
with the crunchy texture and sweet taste of the apple, as well as the distinct strength and
flavor of the quince.

e Orange x Grapefruit: Crosses between orange (Citrus sinensis) and grapefruit (Citrus
paradisi) could be made to develop hybrids adapted to the Mediterranean climatic
conditions of Algeria. These hybrids could offer a combination of the sweet flavor of

orange with the size and texture of grapefruit.

2.5.4  Conditions for successful interspecific hybridization
To succeed in interspecific hybridization, several factors are essential (Henderson & Salt,
2017; Gallais, 2018)

1. The ability to cross species
2. Complementarity of characters between species

3. The presence of hybrid vigor for growth, adaptation, disease resistance.....etc.

14
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4. The presence of other biological characteristics such as plasticity (the ability to express
different phenotypes) and homogeneity of varieties.

5. Knowledge of spatio-temporal conditions optimizing the expression of heterosis.

6. Possibilities to guide the selection of heterotic populations and broodstock.

7. Possibility of mass production of hybrid varieties.

2.55 Intraspecific hybridization
Intraspecific hybridization is a reproductive process in which two individuals of the same
species mate to produce offspring. Unlike interspecific hybridization, which involves
crossbreeding between individuals of different species, intraspecific hybridization occurs
within a single species. This form of hybridization can be natural, occurring in nature without
human intervention, or it can be induced by controlled crosses carried out in agriculture,
horticulture or breeding with the aim of combining specific characteristics of different strains

or varieties of the same species (Gallais, 2011, 2016)

Intraspecific hybridization in fruit species involves crossing two individuals of the same fruit
species to create offspring with desirable characteristics for producers or consumers. This can
be achieved to improve traits such as disease resistance, tolerance to adverse environmental

conditions, fruit quality, yield or other agronomic characteristics (Gallais, 2011, 2016).

For example, in fruit farming, intraspecific hybridization techniques can be used to cross
different varieties of the same fruit, such as apple or tomato varieties, with the aim of creating
new varieties that combine the best characteristics of each parent. These crosses can also be
made to develop varieties suitable for specific growing conditions, such as disease-resistant

apple varieties or strawberry varieties suitable for different climates (Gallais, 2011, 2016).

In summary, intraspecific hybridization in fruit species is a common practice in agriculture
to develop new fruit varieties with improved characteristics that meet the needs of producers
and consumers. For this type of hybridization, the genotypes are crossed within the same species
with one or more partners. A series of return crosses: back-cross in series, is carried out on the

variety to be improved, in the case of transfer of a genetically simple character.

2551 The steps of intraspecific hybridization
According to Gallais (2011, 2016), the steps are

1. Asafirst step, we take the female of the variety to be improved and cross it with the

donor.
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The first generation F1 is crossed on the mother as a second stage, this gives the back-
cross 1(BC1).

BCL1 individuals are crossed back to the mother (BC2) and so on.

Moving from one cross back to another causes the donor's remaining genes to be lost,
with verification of the persistence of the desired quality in the individuals who will
serve as fathers for the next cycle of crossing on the mother.

In the case of the transmission of a set of characters between two parents, or the
manipulation of performance conditioned by polygenic sets; the descent of F1 results
from a cross between two progenitors, F2 is obtained by self-fertilization, of which each
individual is a recombination structure between the chromosomes of the two hybrid

progenitors, have a greater genetic variance than the progenitors.

In order to obtain richer recombination’s between many structures, a combination of more

than two parents between them is carried out, known as pyramidal crosses, which leads to an

F2 offspring from a self-fertilization of F1, with a very large genetic variance.

2.5.5.2 Some examples of intraspecific hybridization in fruit trees

Apple: Popular apple varieties such as' Gala ', Golden Delicious' and 'Granny Smith'
are the result of intraspecific hybridizations. For example, the 'Gala' is derived from the
cross between the varieties' Kidd's Orange Red 'and' Golden Delicious’.

Peach: The peach variety 'Flavorcrest' is the result of intraspecific hybridization
between the cultivars' Flameprince 'and' Eldorado '. This variety was developed for its
excellent flavor and disease resistance.

Lemon tree: The lemon 'Eureka’ is a popular variety that is the result of intraspecific
hybridization. It is cultivated for its abundance of juicy fruit and refreshing aroma.
Cherry: 'Bing Cherry', a widely grown cherry variety, is derived from the intraspecific
hybridization between the 'Black Republican' and 'Republican’ varieties.

Apricot: The 'Goldcot' apricot variety is the result of intraspecific hybridization. It was

developed for its disease resistance and excellent flavor.

2.55.3 Some examples of into specific order in Algeria

In Algeria, intraspecific hybridization is also practiced to develop new varieties of fruit trees

adapted to local conditions.

Fig tree: The fig tree is also widely cultivated in Algeria. Intraspecific hybridization

programs can be implemented to develop fig varieties adapted to the different climates
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2.5.6

and growing conditions of the country, combining the desirable characteristics of
different local varieties.

Apple tree: Although less widespread than in other regions, apple cultivation is also
present in Algeria. Intraspecific hybridization efforts can be undertaken to develop apple
varieties that are better adapted to local conditions, with better disease resistance and
higher yields.

Citrus: Citrus fruits such as oranges, lemons and mandarins are grown in Algeria.
Intraspecific hybridization can be used to create new citrus varieties with improved
characteristics such as better fruit quality, increased disease resistance and greater

adaptability to local conditions.

Hybridization advantages

The advantages were shown by Gallais (2011, 2016):

1.

Interspecific hybridization allowed the association of several characters of different
species in the same new plant, we take as an example the cross between wheat and rye,
which aims to associate the characters of wheat productivity and quality with the
hardiness of rye.

By hybridization, genetic variability can be reconstructed in species resulting from
interspecific crossing, for example: the resynthesize of rapeseed by the crossing
between cabbage and shuttle results in the generation of a new genetic variability usable
in selection.

Interspecific hybridization followed by selection makes it possible to bring together in
the same plant favorable genes present in two different plants, for example: bringing
together the disease resistance genes found in one plant with other cold resistance genes
present in another plant.

In agronomy, hybridization is a means of obtaining high-performance varieties, in the
case of a depression of inbreeding that prevents the development of high-performance
lines.

From a genetic point of view, hybridization represents the fastest way to bring together
several favorable genes from two different parents in the same genotype.

On the economic side, a hybrid variety requires the farmer to renew the seeds every
year.

Associations in a dominant trait genotype.

Maximum performance associated with the use of heterosis.
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9. Performance stability according to the environment-homogeneity.

2.5.7 Disadvantage of hybridization
Gallais (2011; 2016), showed the disadvantage:

1. The farmer is obliged to renew the seeds.

2. Hybrids have a narrow genetic base that results in a lack of genetic diversity in the
farmer's field.

3. The development of hybrid varieties leads to the separation of the profession of seed
producer from that of farmer, which requires a cost of breeding tools and methods that
iIs responsible for this separation.

4. Complexities and length of the hybrid creation cycle.

5. The replanting of grains harvested on a hybrid variety, due to inbreeding, will result in

a loss of 20 to 30% with a heterogeneity of product obtained.

2.6  Biotechnology methods/ways
2.6.1 Definition of Biotechnology
The term biotechnology is composed of bios, which means “life” in Greek, and technology
which means “the study of tools, machines and raw materials”. Biotechnology can also be
defined as all methods or techniques using living beings for the purpose of research, production
and modification of organisms of plant or animal origin (Larpent, 2017). There are two types

of biotechnology:

eClassic biotechnologies: or molecular biotechnologies, bringing together all the
investigations carried out in the laboratory and/or field, were at the origin of the green
revolution. Example: directed crossings for character transfer; tissue culture for genotype

multiplication.

e Modern biotechnologies: they are based on recombinant DNA technology, resulting from

the genetic revolution, they constitute means of genetic improvement.

2.6.2  Biotechnology classes

2.6.2.1 White biotechnology
Also called industrial biotechnology, they are used for the manufacture, transformation or
degradation of molecules by enzymatic or fermentation processes for an industrial purpose.
Example: the production of chemicals through the use of microorganisms, the development of

new sustainable energy sources such as biofuels (Larpent, 2017).
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2.6.2.2 Yellow biotechnology
Is the biotechnology used in the protection of the environment, aims to develop cleaner
processes to participate in the balance of the planet. Example: maintains the environment,

depollution, bioremediation, phytoremediation (Larpent, 2017).

2.6.2.3 Red biotechnology
Focuses on biomedicine (human health) and animal health, the production of drugs, vaccines
and antibiotics, and the development of genetic engineering to cure certain diseases. Example:
cell therapy; gene therapy; drugs based on biological molecules such as therapeutic antibodies
(Larpent, 2017).

2.6.2.4 Blue biotechnology
Concerning marine life, it relies on the exploitation of marine resources to create products
and applications of industrial interest. Example: the isolation of active enzymatic molecules
from marine organisms, used in diagnosis and research, such as: chitin, chitosan
(Larpent, 2017).

2.6.2.5 Green biotechnology
Directed towards the valorization of agricultural products, agri-food. Thanks to green
biotechnology, we can create new plant species through the use of in vitro cultures and cloning
plants, produce biofertilizers and biopesticides. It includes the techniques of micropropagation
and transgenesis (obtaining GMOs). We can say that plant biotechnology is an industrial
technique where plant material constitutes the primary material, for example: the improvement
of the nutritional qualities of certain plant varieties by transgenesis: increasing the vitamin

content in a plant; the cultivation of plant tissues (Larpent, 2017).
In our case we were interested in green biotechnology or plant biotechnology.

2.6.3 The benefits of plant biotechnology
Deshayes (2023), noted the benefits of plant biotechnology for the farmers, environment and

consumer.

2.6.3.1 For the farmer
1. Produce biomass: cells, tissues, organs, plants.
2. Minimize productivity losses related to bioaggressors, weeds and diseases.
3. Ensure the availability of food of high nutritional quality and at affordable prices.
4. Plant biotechnology helps the farmer look for factors that can hinder his success, such

as drought, salinity and heat.
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5. With green biotechnology, weeds can be controlled and eliminated without the use of
ploughing, which has the effect of reducing soil erosion and enriching it.

6. Offers farmers plants and seeds with desired genetic traits by genotype modification of
a plant, using genetic engineering, mutagenesis, and somatic hybridization to have

plants with new traits or deletion of a pre-existing trait.

2.6.3.2 For the environment

7. Reduce the use and passage of machines in the field to minimize erosion and
greenhouse effect

8. Tryto produce a significant amount of food on a smaller area, in order to preserve green
spaces and their biodiversity.

9. Develop drought-tolerant crops, which help drought-tolerant crops grow in too dry
conditions and minimize water demand.

10. Using biotechnology, researchers were able to improve crops that are renewable, clean,
non-polluting and environmentally friendly sources of energy to meet the increased

need for biofuels.

2.6.3.3 For the consumer
1. With the help of green biotechnology, we obtain foods with disease-fighting
properties, thanks to their richness in antioxidants, vitamins, minerals, etc. Example:
tomatoes rich in lycopene, a powerful antioxidant; or very rich in folic acid (vitamin
B9), essential for the production of genetic material and the formation of healthy cells;
maize with increased levels of vitamins C and E.
2. The production of fresher foods, can be kept longer and tastier. Example: sweeter

peppers and peas; better texture, freshness and flavor of strawberries.

2.6.4 Pathways to Green Biotechnology
2.6.4.1 Genetic transformation
Genetic transformation involves the insertion of foreign genes into the genome of a plant to

give it new characteristics or improve its properties (Deshayes, 2023).

2.6.4.2 Invitro culture
In vitro culture, also called plant tissue culture, is the cultivation of plant cells, tissues or

organs in sterile and controlled culture media (Deshayes, 2023). This technique is useful for:

v" A rapid multiplication of healthy plants;

v' Genetic resources conservation
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¥v" The production of metabolites of interest;

¥v" The propagation of plants that are difficult to grow by conventional methods.

2.6.4.3 Marker-Assisted Selection:
This method uses molecular markers to select specific traits in plants, thereby speeding up
the plant variety selection process (Deshayes, 2023).

2.6.4.4 Genome editing techniques
Genome editing techniques make it possible to precisely modify the genome of plants by

targeting specific DNA sequences (Deshayes, 2023).

2.6.4.5 Molecular Biology and Genomics
Molecular biology and genomics tools are widely used in plant biotechnology research to
study the structure and function of genes, gene regulation, and the molecular mechanisms

underlying various traits of plants (Deshayes, 2023).

2.7 Fruit plant production: nursery technique

2.7.1 Definition of a nursery
A nursery is a field where seedlings of all cultivated plants are planted in order to transplant
them. It represents the place of multiplication, conservation and diffusion of plants (Dubiez et
al., 2023; Mohammed, 2017).

2.7.2 What is a nursery for?
The goal of a nursery is therefore to raise seedlings (Mohammed, 2017; Dubiez et al., 2023)

v’ Healthy and rigorous;
v" Belonging to the species, varieties requested;

¥v" With an acceptable size and vigour to be planted;
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Fig 01: Comparison of different methods and timelines to develop fruit crops with a
desirable new trait, such as disease resistance (Alvarez et al., 2021)

2.8 Have significant qualities and quantities.

2.8.1 Classification of nurseries
They can be classified according to Mohammed (2017) and Dubiez et al. (2023).

2.8.1.1 Objective
e Commercial incubators: called pilot incubators, have the objective of marketing the
product.

e Private nurseries: they ensure local planting needs.
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2.8.1.2 Depending on the duration and stay in

e Permanent nursery: Can be small (100,000 plants) or large (more than 100,000
plants), depending on the objective and annual production capacity.

e Temporary nursery (Volantes): the installation of the latter is limited by time, after
planting the plants, the nursery is abandoned or integrated into the planted site.

2.8.1.3 Depending on the nature of the production in

e Forest plant nurseries (planting and reforestation);

o Nurseries of fruit plants (orchard plantations);

e Nurseries of ornemental plants;

e Mixed nurseries (the 3 mentioned above).

2.8.2 The conditions for the creation of a nursery
For the creation of a nursery, a very thorough study is necessary, because the latter must
ensure the production of plants in quality and quantity, at the right time and at an acceptable

cost price (Dubiez et al., 2023). Before installing it, several questions should be asked:

v" What kind of nursery are we going to create?
v" What are the objectives?

2.8.2.1 Choice of site
The criteria that must be studied were shown by Mohammed (2017) as welle as Dubiez et
al. (2023).

e FEasy access to the main road site (movement of machinery, transport of workers,
delivery of the product);

e Easy access to water (wells, rivers), water is a determining factor in quantity and
quality;

e Wind orientation (creation of wind breezes) avoided sites exposed to winds;

¢ Aslight slope is sought to avoid water stagnation and flooding;

e South and south-west exposure is sought to give young plants maximum sunshine;

e Well-drained non-compact soil with neutral pH and no salinity;

e Good topsoil in quantity and quality;

e Avoid sites nearby polluting industries;

o the availability of labor, The workforce must be qualified, motivated;

e available and residing near the nursery;

e The size of the nursery: small or large.
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2.8.2.2 Environmental conditions

2.8.2.2.1 Climat
The nursery must be sheltered naturally or artificially, to make a barrier against climatic

conditions: spring frosts, strong winds, large thermal differences (Mohammed, 2017; Dubiez
et al., 2023).

2.8.2.2.2 The solil
The physico-chemical nature of the terrain, the topography and the relief of the soil must be

studied. The terrain must be prepared starting with a complete weeding; level the ground
keeping a slight slope to avoid puddles during the rainy season and to be well exposed to
sunlight; the soil must be deep, of light to medium texture (sandy-silt or clay-sandy) without it
being saline or alkaline (Mohammed, 2017; Dubiez et al., 2023)

2.8.2.2.3 Water
The nursery must be supplied with water of sufficient quality and quantity. Water resources

are boreholes, wells, wadis...etc., but before using these resources, it is important to have an

idea about the quality and quantity of water available (Mohammed, 2017; Dubiez et al., 2023)

v" Qualitative aspect of the water: Must be slightly acidic, pH <7, with conductivity
< 0.8 S/cm, fairly soft and clear.

v" Quantitative aspect of the water: The amount to be provided varies according to
the meteorology (rainfall), the infiltration speed (nature of the soil) and the needs of
the plants. It is always necessary to provide a basin or a water reserve to compensate

for a water deficiency.

2.8.3 Nursery organisation

e To better plan and organize the nursery preparation, the development of the nursery
must first be materialized on a detailed plan accompanied by a quote.

e A square shape of the nursery to facilitate monitoring, access and movement, limit the

costs of installing the peripheral fence.

2.8.3.1 The surface of the nursery is divided into
According to Mohammed (2017) and Dubiez et al. (2023), this surface is devised into

e The total area (S.T): is the entire usable area plus the path to the nursery as well as the
infrastructure (equipment)

e The useful area of production (S.U.P): It is so called because it is composed of the
production squares: multiplication squares, breeding or transplantation squares and

mother feet squares. These squares are separated by fairly wide tracks.
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e Motherfoot squares (motherfoot fields, woodlots, market gardens): spaces for the
cultivation of trees to produce plant material (seedlings, cuttings, grafts, rootstocks,
marketplaces) to meet the needs of multiplication, these trees are identified, indexed and
regularly maintained.

e The multiplication squares: Are spaces for the multiplication and cultivation of plant
material from the mother-foot squares, they can be greenhouses.

e Breeding squares: Also say transplant squares, spaces for transplanting, grafting and
rearing young plants. They can be sectioned into a number of well-fitting, drained, well-
oriented boards, with the aim of protecting the seedlings, in particular against sunburn
and separated by alleles.

e Sprouting boards: The ideal sprouting board consists of the three layers shown below:
v’ Gravel layer that ensures good drainage (5 cm of gravel = lower layer);
¥" Rich soil with a high water retention capacity (10 cm of humid soil = intermediate

or medium layer);
v" Mixture of moist earth and easily permeable sand 10 to 15 cm in an equal proportion

1/1 of moist earth and sand = top layer).

The different layers of soil of the germination boards must be renewed after a few years (2

to 3 years) to avoid the appearance of diseases, this soil can be used to fill pots.

2.8.3.2 Amplification greenhouses
An air-conditioned greenhouse, with favorable conditions, allows the control of temperature,
humidity and lighting conditions, which leads to good plant growth with less risk. Amplification
greenhouses with large germination tables are perfect for plant development, but they require a
very high cost (Mohammed, 2017; Dubiez et al., 2023).

2.8.3.3  Cold Room
It is essential for the conservation of plant material: seeds, grafts, cuttings...etc.
(Mohammed, 2017).

2.8.3.4 The shadows
To protect young plants from strong light, high temperature and strong winds (Mohammed,
2017).

2.8.3.5  Substrate deposition area
A space to store soil, sand and manure, separately. This space must be next to the place

where the substrate will be mixed and the pots filled (Mohammed, 2017).
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2.8.3.6  The Administration
An administration to take care of the archiving of documents, customers and other activities

related to the transport of products, invoicing, marketing, etc.

2.8.3.7  Store Deposit
Important for the storage of tools, phytosanitary products, fertilizers, fuel, etc. in addition,

changing rooms and showers are essential for workers (Mohammed, 2017).

2.8.3.8  Shelters and sheds for large equipment
A cottage, a shed for housing and parking equipment and mechanical equipment. Sheds
have a role in protecting workers from the sun and rain during pot filling and transplanting
(Mohammed, 2017).

2.8.3.9 Equipment
In a nursery there are means of production, including:

e Tooling

v For soil preparation: Pickaxe; Hand hoe (daba); Shovel; Forked spade; Rake.
v" For tracing: Compass; Tape measure; Line; Stakes (wooden or iron).
v" For the preparation of potting soil and pot filling: Sieve (Sieve); Funnel; Pots

(plastic or palm leaf bags).

<

For watering: Bucket; Watering can; Bucket.

<

For the transport of plants: Wheelbarrow; Cart.
v" For plant maintenance (including grafting): Binette; Machette (cutter); Secateur;

Knife; Grafting; Lime; Hedge shears.

A

Phytosanitary products: Insecticides (DECIS) and fungicides.

A

Fertilizers: Potassium sulfate; phosphoric acid; nitric acid; potassium nitrate
v" Machinery: Tractor; truck, trailer, water tanks, backpack sprayers, chemical weeding

machine.

2.8.3.10 Closing
We can use fences, dead wood, barbed wire...etc. In the case of a permanent nursery, bright
barriers will be used, such as acacia: Acacia pycnantha, for example. Fencing is important to

protect plants from damage caused by animals generally (Mohammed, 2017).

2.8.3.11  Windbreaks
A windbreak curtain formed by two rows of shrubs and one of trees is planted along the side

of the nursery exposed to the prevailing wind. The species selected must be adapted to the
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region and microclimate in which they will be implanted. Example: Cedar (Cedrus), Oak

(Quercus), Pine (Pinus).

2.9  The stages of nursery plant production
Before starting any type of nursery production, it is first necessary to start with a plant

production planning

2.9.1 Plant production planning
It is important to have a good seedling to succeed in planting a quality tree, which is why
the plant producer must develop a plan by ensuring that the production of seedlings is better
adapted to the expectations of the people involved in reforestation (Mohammed, 2017; Dubiez

et al., 2023). The nurseryman must check:

e The program for providing seedlings to customers: the type of species and the number
of seedlings to be provided, the quality of the seedlings, planting period;

¢ Plant production capacity at the level of its own nursery: it must take into consideration:
available material, infrastructure, labour, water resources, maximum production of

plants in quantity and quality.....etc.
This planning can be developed according to the following table:

Table01: Plant production planning elements:

Description Answers

Who produces and with | Nursery and customers

whom?

When production is done | As soon as the seeds are acquired
Where? In the nursery or in the field
What? *the number and species produced

* delivery time
* seedling quality

How? The customer proposes the quantity of plants per species and the
supply period according to the production potential of nursery
plants.

Why? Achieve production according to customer expectation and

minimize unnecessary investments.

After the construction of our nursery, planning the production of seedlings, moving on to

production.
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2.9.2 Selection of varieties
The first step is to select the varieties of fruit trees to be produced in the nursery. This

selection is based on various factors such as (Agency, 2013)

e Market demand
e weathering;
e The resistance to diseases and insects;

e producer preferences.

2.9.3 Obtaining seed
In the case of nurseries specializing in the production of fruit trees, you can harvest them
yourself, because the latter can offer a wide variety of seeds for the different species of fruit
trees. Seed can be purchased from seed suppliers, who offer fruit tree seeds, seed banks,
research institutes. The plant material used for the production of fruit tree seedlings can be
obtained from seeds, cuttings, grafts or microstrokes, must be of quality, free from diseases,

viruses and parasites, in order to produce healthy and vigorous plants (Agency, 2013).

In the case of a harvest itself, the following elements must be taken into account: Identification

and selection of seed stands: before harvesting seed, it is necessary to

e aselection is essential of seed stands, the latter is based on the following criteria:
1. A homogeneous stand,;
2. healthy trees;
3. taking into consideration the age of the stand,;
4. stand accessibility.
e The selection of mother trees (plus trees) on which the harvest will be carried out
according to the following points:
1. the mother tree must be healthy;
2. must not be too young or too old,;

3. The tree must be chosen according to its fruiting state (phenological state).

2.9.4 Seed acquisition
The seeds acquired must bear the following information: the origin of the seed; the name of
the species; the date of harvest; the appropriate pre-treatment; the germination capacity
(Agency, 2013).

2.9.5 Estimation of seed needs
It is related to the number of plants that we want to produce (Agency, 2013).
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2.9.6 Treatment and storage of the seeds
According to Agency (2013), starting with the treatment which is carried out in two phases:
a preparation phase during which the registration and weighing of the batches of fruit is carried

out, and a second execution phase during which:

v’ Seed extraction: is used to release seeds from fruit husks, the method used is based on
the type of fruit. There are several methods: Hulling; crushing; pounding; dewatering;
threshing; pulping;

¥v" Grain cleaning: aims to separate fruit tissues and seeds, either by winnowing (heavy
grains) or by sieving (light seeds). Essentially includes sorting and drying.

¥ Storage: after a good drying of the seeds, they are stored in a dry and cool place, well
ventilated, or in a refrigerator. Storage allowed them to be protected from any kind of
deterioration, whether biotic (insects, rodents, mould) or abiotic (temperature,

humidity).

2.9.7 Seed pre-treatment

Pre-treatment is essential for the seeds to rise from their dormancy and activate their
germination. Several methods are used depending on the type of dormancy (exogenous
(integumentary), endogenous (embryo), combined (integumentary and embryo) (Agency,
2013).

v" The case of exogenous dormancy: physical methods (cutting, filing, piercing), soaking
in cold or hot water, treating the seeds with concentrated sulfuric acid.

v The case of endogenous dormancy: the most used method is seed stratification, which
consists of arranging the seed in layers alternating with other layers of a draining
medium: such as sand, vermiculite, and keeping them at low temperature for a given

period.

2.10 Plant production
Depending on the climatic conditions, production can be done either in pots or the production

of bare-root plants.

2.10.1  Production in jars
Small, medium and large black plastic bags are used, called jars. The use of the latter depends
on the type of species to be produced and the period of stay of the plants in the nursery (Agency,
2013; Rao, 2020).
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2.10.1.1 Preparation of potting soil
This is the substrate preparation step. Each plant has a beloved substrate mix, so making any
type of production in-depth studies on the species is important. Generally, the soil used to fill
pots should be light and rich in essential nutrients. Additions of manure, sand, compost are
necessary. Depending on the quality and richness of the topsoil used for the preparation of a
potting soil, the proportions can be changed. The most common mixture is: 3 volumes of soil,
1 volume of manure and 1 volume of sand. After each mixture, try to incorporate the ingredients
of the mixture well, the well sieved to rid it of plant debris and large pebbles and slightly wet
it.
2.10.1.2 The filling of the pots
The filling is done by hand or using a funnel, try to pack the pots well leaving a space of 0.5
to 1 cm for sowing, a vertical position of the pots is preferred so that they remain in balance.

2.10.1.3 The classification of the pots
The filled pots will be classified in the production boards, the storage of the pots can be done
by board of 100, 200,500 or 1000 pots, in an upright position and in regular number to facilitate

counting.

Figure 02: felling and classification of the pots (original photo)

2.10.1.4 Sowing and seedling protection
Direct pot sowing is recommended for seeds of species that germinate easily. The
germination of the seeds as well as their number limit the number of seeds sown in a pot. After
sowing, a labeling of the pots is essential to mention: the species, the sowing date, the batch of
seeds, pre-treatment, and the number of seeds...etc. (Mohammed, 2017; Dubiez et al., 2023).
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2.10.1.5 Seedling Care
According to Mohammed (2017) as well as Dubiez et al. (2023), the treatment includes

e watering: the watering water must be clean and not cloudy, is done once in the morning
before 10am and once in the evening after 4pm, it is necessary to avoid excess water that
can lead to damage to the seedlings.

e Weeding: is necessary to eliminate weeds because they can compete with young plants
and draw nitrogen, nutrients, water and light, they can also promote the proliferation of
fungi.

e Milling: is important for aerating the substrate, facilitating the infiltration of water to the
roots and making the soil permeable. It consists in breaking the surface layer of the
seedling production soil.

e Transplanting: after germinating the germinated seeds, they are transplanted, the stages
of transplanting differ according to the species. The aim of transplanting is to obtain
more homogeneous plants. The use of an overburden is essential when transplanting.

e Shading: In the early stages of their development, seedlings are sensitive to sunlight,
rain and high temperatures, so shelter must be used to protect them.

e Dressing: it is preferable to do this operation in the evening, it is a question of cutting
the roots that emerge from the bottom of the pot or drainage openings, with the aim of

reducing the water absorption ability of the seedling.

2.10.1.6 Phytosanitary treatment:
Appropriate phytosanitary treatment is necessary in the event of disease outbreaks, insect

attacks or nematodes in the root system.

2.10.1.7 Plant preparation and transport

This operation is delicate, the following rules must be followed:

v At the nursery level
1. water the plants well the day before
2. Do not overlap them when loading.
v' On the planting site: if the plants are not planted directly, they must be watered and

protected.

2.10.2  Advantage of potted plants
Rao (2020) noted the following advantages:

v’ Raising species that cannot be planted with bare roots;
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v’ Large water reserve of the pot;
v Less risk in case of forgetting to water;

v’ Better survival after planting, in case of lack of rain

2.10.3 Disadvantages of potted plants
Rao (2020) noted the following advantages:

v" Pot Fund Crosses;
v" Heavy to carry;
v Difficulty in purchasing sachets (cost, distance of supply).

2.10.4 Production of bare-root plants
Technique used in favorable climatic conditions and fertile soil. It consists of producing
seedlings in planks or logs directly in the soil, called bare-root seedlings (Agency, 2013; Rao,
2020; Dubiez et al., 2023).

2.10.4.1 Preparation of the boards

To prepare the production boards, it is necessary:

v’ traced the edges of the board using a rope and stakes over a length of 4-5m and a width
of Im;

v" make openings to create sowing lines 30-40 cm deep;

v"add manure to enrich the soil according to the type of soil and the area of the sheet pile;

v' Flatten the board and water.

2.10.4.2 Sowing
Is carried out in furrows 20-25cm apart with a depth of 1-2cm. In most cases a board contains
4-5 grooves. Between each seed deposit (1-2 seeds) in the furrow a distance of 1-2cm to be left.
Cover the seeds twice their size and then water them well, on average twice a day (morning and

evening).

2.10.4.3 Maintains seedlings
The following tips for seedling maintenance:

v regular weeding to prevent weed growth;

v’ tried to cultivate the soil around the seedlings;

v If the plants are too tight with a height of 30-50cm, they must be separated so as to keep
a plant every 20-25cm.
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2.10.4.4 Plant preparation before transplantation
v" decrease the amount of watering water on average once a day, after two weeks of
planting;

<

water the board well on the eve of planting;

v" On the day of planting, dig the soil without damaging the stems or roots to remove
the plants;

v Using a pruning shears, prune the roots.

2.10.4.5 Hardening
Hardening is essential to help young plants adapt to the environmental conditions they will
face when transplanted to their final location. During curing, plants become more resistant to
temperature fluctuations, direct sunlight, strong winds and other abiotic stresses. This process
improves the vigor of the plants and increases their chances of survival and success once planted
outdoors (Agency, 2013; Mohammed, 2017).
2.10.45.1 Curing process

Hardening usually involves the following steps:

1. Gradual temperature reduction: Plants are exposed to progressively colder
temperatures, often by moving them to cooler areas of the nursery or by using protective
structures that can be gradually opened to allow in colder air.

2. Moisture reduction: Plants are watered less frequently, which encourages them to
develop tolerance to drier conditions.

3. Exposure to sunlight: Plants are gradually exposed to longer periods of direct sunlight,
which helps them adapt to higher light levels and develop darker pigmentation, which
can offer some protection from intense UV rays.

4. Ventilation: Plants can be placed in areas where they are exposed to light to moderate
winds, which helps them develop stronger stems and strengthen their ground anchorage.

5. Decreased fertilization: The frequency and amount of nutrients provided to plants are
often reduced during curing, as plants have to learn to tap into their internal reserves.

2.10.4.5.2 Curing Duration

The duration of the curing process may vary depending on plant species, local climatic

conditions and plant age. In general, hardening is performed for several weeks before the
planned transplant. For example, for fruit trees or shrubs, hardening can begin about a month

before the planned transplant date.
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2.10.4.6 Transplantation and Nursery Maintenance
The seedlings are transplanted into larger containers or in the open field in the nursery, where
they continue to mature and grow. Regular maintenance, including watering, weeding, and pest

protection, is essential during this phase (Agency, 2013; Mohammed, 2017).

2.10.4.7 Sale and Delivery
Finally, fruit tree seedlings are ready to be sold to farmers, horticulturists or individuals. The
nursery ensures appropriate packaging and transport to ensure the health of the seedlings during

delivery.

Note: Please note that these steps may vary slightly depending on the species of fruit trees,

local conditions and specific nursery practices.

2.10.5  The characteristics of a quality plant

o the stem of the plant must be solid, with smooth bark and without cracks;

¢ a plant with a well-developed root system, make sure they are white or slightly brown and
not too long;

¢ Dbranches should be well distributed all around the main stem, avoid plants with branches
grouped in one direction;

¢ the plants must be free from any kind of disease or contamination;

e an appropriate age for planting in open ground, to ensure good production;

o Adaptation of the plant variety to the climate of the planting region and the soil type.

Figure 03: Transplanting pistachio sapling in the open field in a nursery (Original photo)
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Figure 04: care of seedlings in pots under a greenhouse (Original photo)

2.11 Method of multiplication of fruit trees

The fruit tree comes from an assembly of rootstocks and a graft. To produce fruit tree
seedlings, it is therefore necessary to multiply the rootstock and the graft-producing variety,
and to make an assembly between the two by the grafting technique (Brochard, 2016). To have
a production of quality plants, we must ensure a selected basic plant material, therefore, for a
nurseryman, it is therefore necessary to have:

1. A woodlot orchard: bringing together a variety of species and varieties grafted on a
variety of rootstocks. Each tree is well identified on an identification sheet which includes:
rootstock, variety, year of planting....etc. The trees are well followed because they are
elite trees. Wood from the pruning of trees in the park is used for grafting.

2. A mother foot square: the case of the vine, we also say a mother foot orchard.

3. Aseed orchard: space reserved for the production of quality seed for the different species.
For the multiplication mode, there are two modes: sexual and asexual

2.11.1  Sexual multiplication or seeding
Sowing is a sexual propagation method, the plants produced come from sowing a seed from
a two-parent cross. The seed is characterized by genetic diversity, and the plants obtained will
be heterogeneous, characterized by great vigor, healthy, resistant, which allows the production
of so-called rootstocks, used as rootstock. The seedling has the disadvantage of not giving
identical plants to the mother variety, it is a lack of fidelity, but it is important to produce the

rootstocks (Mohammed, 2017). There are two types of rootstock:
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Figure 05: A. a pistachio seedling orchard; B. pistachio Wood Park (original Photo)

» Wildlings: grown spontaneously in the wild, from a natural seedling, taken and
transplanted to the grafting square.

> The seedlings: produced in a nursery, from a well-selected seedling.

2.11.1.1  The steps of sexual multiplication
According to Brochard (2016) and Mohammed (2017)

v
v

AN

Harvesting and selection of seeds: obtained from the selected trees;

Stratification: This method removes the dormancy of seeds that germinate only after a
cold period. The use of sand or light earth, remains a practical technique for
stratification. Example of seeds: in a container, mix a ¥ of seed for % of sand, in the
case of cores, we make a layer of sand and a layer of cores alternately, always with a
good drainage bottom;

Seed stratification date: kernels: September-October; seeds: December-January;
Sowing: following the stratification of the seeds, they open and the radicle appears, it
is time to sow.

Transplanting: is carried out, the most abundant in April, it allowed a good branching
of the root system of the young plants, which facilitated their future transplantation,
giving more space for the proper development of the young plants. The rootstocks
obtained after one year of sowing will either be left in its place, following their

insufficient development, or removed and transplanted to the grafting square.
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2.11.2 Vegetative multiplication
2.11.2.1  Cuttings
A technique used to propagate a plant vegetatively from a leaf, stem or root fragment. The

cuttings will generate copies identical to the mother plant. The cuttings are transplanted in a
favourable environment to cause them to take root and bud. Rooting is related to the interaction
of several factors, including the morpho-physiological quality of cuttings; the type of rooting
substrate; its water content; its physico-chemical properties; the humidity and temperature of
the air, the intensity of light, the use of phytohormones to improve the rooting of certain species
(Brochard, 2016).

2.11.2.2 Cuttings Advantages
Brochard (2016), noted the following advantages:

v" Used in the case where multiplication by sowing is difficult, the plant production is
done by cuttings;

v Accurately copy the characteristics of the mother plant and obtain a vigorous plant;

v Rapid technique for plant production;

v' Rapid and effective technique for the selection and multiplication of individuals
selected for their resistance to bio-aggressors;

v" Allows the multiplication of compatible rootstocks;

v Less expensive technique and easy to practice for nurserymen;

v Practice to combat cryptogamic and bacterial diseases of the vine.

2.11.2.3 The disadvantages of cuttings
Brochard (2016), noted the following disadvantages

v It can be a delicate and difficult process, as some plants are more difficult to cut than
others;

v" Cuttings can carry diseases, promote the spread of pests, which leads to a lower
success rate;

v" The need for more care and attention to the cuttings to succeed in their growth and
development;

v" Most fruit species are not able to cut themselves.

2.11.2.4 Technique application
Used to multiply the cognassier, the olive, the pomegranate, the fig tree, the Japanese

nefarious, the direct producing hybrids of the vine (HPD). Also to multiply the rootstocks of
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multiple fruit trees, such as: the Cognassier d 'Angers, Myrobolan plum, Prunus Mariana, the
cherry tree (wild cherries), cherry tree of Saint Lucia. Cuttings of semi-lignified and leafy
herbaceous shoots can be taken during the growing season for certain fruit species such as olive

trees, peach trees, pear trees, cherry trees, etc. (Brochard, 2016).

2.11.2.5 Types of cuttings
Cuttings are cut in winter, when the plant stops growing, according to Ak et al. (2021) as
well as Brochard (2016), we will cite these methods.
2.11.25.1 Simple cuttings
To do this, you must choose well lignified branches (1 year); have shoots that are alive and
healthy; cut stems of 20-30 cm; bind the cuttings into mumps and put them in wet sand to heal
the cutting wounds, put the cuttings in the ground straight; proceed so that 2/3 of the plant is
buried in the ground with one eye; two others must remain on the surface. Lay the cuttings in
lines spaced 60 cm apart and the plants every 10 cm; when the roots appear, transplant the plants
instead of planting at the time of vegetative cessation of the plant (in winter);
2.11.2.5.2 Heeled cuttings
Cut the stem to be cut by 30 cm, keeping 2 cm of the stalk connecting with the parent tree,
proceed in the same way as before.

2.11.2.5.3 Crossover cutting
Like the previous one but keeping only 2 cm of stem above the stem.

2.11.25.4 Eye cutting
Is obtained with a part of the stem with a well-living eye (about 3cm) to be put in wet sand
to develop the root system before transplantation, Avoid burying the eye.

2.11.2.5.5 Microbutting
Recent technique, it is an in vitro multiplication, can be done by three methods:

2.11.2.5.6 Somatic embryogenesis
A tissue of the embryo.

2.11.2.5.7 Independent neoformations
Buds and roots from calluses.

2.11.2.5.8 The cultivation of buds and meristems
Apical or axillary, the most used method, because it gives rise to plants that conform to the

mother plant materials.

38



Chapter I. Plant and Seed Production Course Dr. CHELEF. M

2.11.2.6 Grafting
Several difficulties have been encountered during propagation by cuttings or layering, such
as the low percentage of success following no or low rooting, the small number of plants
derived, hence the return to grafting has become an approach to limit most of these problems
posed (Brochard, 2016).

Grafting is another technique of vegetative propagation, it consists of bringing together two
or more plants, one of which represents the root system called rootstock or subject, and the
other represents the aerial system, called graft, which bears the fruits of the desired variety. The
grafting indicates the welding of the living tissues brought into direct contact, in order to bring
them together (Brochard, 2016).

We will have at the end a compound plant

> rootstock (subject) usually comes from a seed, chosen mainly for its adaptation to
the environment;
» And scion, the latter is obtained from a tree selected for its high yield, fruit quality

and resistance to diseases and pests.

2.11.2.6.1 The benefits of grafting
Brochard (2016), noted several reasons for grafting:

v' grafted plants can yield fruit faster, 2 to 5 years after planting, instead of going to
multiple years (10-15 years), saving time and money;
v Obtain fruit in quantity, improves the quality of fruit obtained in terms of size, taste,

color, etc.

AN

a faithful means of reproducing fruit varieties that cannot be reproduced by any means;
¥v" The right choice of rootstock makes it possible to adapt trees to the nature of the

environment in which they are to be planted;

AN

Have one variety replaced or restored by another on an already formed tree;

AN

The selection of a graft holder of determined vigor leads to the production of a tree of

desired characters;

¥v" Limit the proliferation of certain bio-aggressors by the practice of grafting on resistant
graft doors well selected by research units;

v" There are good trees to resist diseases, as choosing the rootstock can allow you to bypass

some soil diseases. If your type has a tolerance to root resistance, it is resistant to these

diseases;
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AN

The producer may combine several varieties on the same tree;

¥v" A shaft reduction port. It is important that there are short and accessible trees, because

directly sown trees are very high, which cannot promote harvesting. At some point, the

fruit will deteriorate during the fall. There is a picking port for grafting, which is easier

to harvest;

v" By grafting, one can change and improve a variety, and even increase the number of

varieties;

v" The plant resulting from grafting has the characteristics of the grafted variety, but still

retains its genetic background.

2.11.2.6.2 Grafting tools
According to several authors, such that Ky-Dembele et al. (2020), grafting tools are

v

v

<N X

v
v
v
v

2.11.2.7

The grafter: it is better to use a sharp knife, with a very sharp blade and a spatula
to remove the bark;

Pruning shears: used to remove grafts, cut rootstocks, should be well cleaned and
sharp. The blade and the counter blade of the pruning shears must be tight so as not
to injure and delay the healing of the plants.

Handsaw: used for grafting large branches, also for cutting them.

Putty: used to protect the graft and promote healing, it is in the form of a paste
produced with clay, animal waste and cut straw. A brush to apply the sealant is
essential, as well as a heating plate to keep it at the desired temperature.

A mallet: a wooden hammer, used to drive the wedge;

Sharpening stone: to sharpen the graft;

Ties: these are raffia, plastic strips, elastic ribbons, ligatures and parafilm ties, used
to bind and hold the graft on the rootstock. These links allow the protection of
rainwater and watering grafts and prevent them from drying out.

A ladder for climbing trees

Alcohol and cotton needed to disinfect equipment, such as the graft

Labels and marker to identify grafts.

A grafting table for handling under good conditions.

Grafting techniques

Before moving on to grafting techniques, it is necessary to distinguish the different layers of

plant cells in a bevel section of a twig. The layers of plant cells can be differentiated by their

colors. On the outside is the bark, slightly brown; then comes a layer called cambium, which is
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a set of unspecialized cells, capable of healing superficial wounds of the tree; a layer of phloem,
is between the bark and the cambium, in which are found the sap vessels loaded with nutrients.
Attention should be paid to these two layers: phloem and cambium during grafting, because the
nutrient-rich sap is provided by the phloem, while wound healing is provided by the cambium.
For a successful graft, it is necessary to have the green part of the rootstock and the graft in
contact so that the phloem and the cambium weld the two parts of the graft together. Bevelling
means cutting the twig obliquely at an angle of about 45° to the axis of the branch (Brochard,
2016; Ky-Dembele et al., 2020).

According to Brochard (2016) and Ky-Dembele et al.(2020), there are several grafting

methods, but the most common are:

2.11.2.7.1  English grafting:
Grafting method widely practiced in fruit arboriculture. English grafting consists of making

two identical bevel cuts on the rootstock and the graft. It can be:

» Simple: On a branch 1 cm thick, make a flat bevel 3 cm long; on a graft of the same
diameter, with one eye, make a bevel of the same length opposite the eye, assemble the
two parts, then bind and chew the top of the branch. The inclination of the bevels should
be similar.

» Complicated: for this type of grafting, the bevels on the graft and the rootstock are
made in the same way as simple English grafting. To ensure a good attachment of graft
and rootstock, the two bevels are vertically melted over 1.5-2 cm at 1/3 distance from

the tip. Afterwards, the graft and the rootstock are combined and protected with mastic

to be grafted.
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Figure 06 (Ky-Dembele et al., 2020): English grafting, A: Simple; B: complicated;
C: original photo
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2.11.2.7.2 Grafting by escutcheon (by eye)

This is a simple technique, it involves grafting a bud of the species you want to produce on
another that represents the graft holder. Use a grafting pad to draw a thick T in the bark of the
graft door, 3 cm to 4 cm long and 2 cm wide, neither too deep nor too shallow. Slice the bark
more carefully, remove the eye from the species to be produced, and introduce it under the bark
of the graft holder. It can be practiced in the spring, during the rise of the sap, we speak of
grafting with a growing eye, characterized mainly by citrus fruits. It is also practiced during the
period from July to October, known as dormant eye transplantation. Once this work of
assembling parts is finished, tie everything together using raffia by arriving well above and
below the eye, and always keeping the eye in the open air. This type of grafting is recommended

for stone fruit trees.

-

Figure 07 (Ky-Dembele et al., 2020): A: Grafting by eye ; B : Original photo
2.11.2.7.3 Crown grafting:

Technigue used to reform mature trees with new varieties, a method that aims to restore old
trees or graft a female branch on male stand. It is practiced in spring, when the sap is moving,
especially in April-May, as the best grafting period. This method is used to graft a branch under
bark, starting by folding the part of the tree to be regenerated 15 cm from the trunk, which will
be used as a graft holder, we must wait two months after pruning, until the branches are healed
before we can do the grafting. For the graft, we cut a branch and cut it into a bevel about 2 or 3
cm, dig the bark vertically all around the graft holder 4 to 5 cm deep, make 3 to 4 incisions
depending on the diameter of the branches, then try to introduce the graft using the spatula of
the grafter, under the bark of the graft holder. Finally, ligate everything with graft sealant.
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Figure 08 (Ky-Dembele et al., 2020): Crown grafting

2.11.2.7.4 Wedge grafting

According to its name, slot grafting consists of splitting the graft holder to introduce
grafts taken in winter and kept cool until the time of grafting. Obviously practiced at the
end of winter, at the lifting of dormancy of the graft door. We start cutting the graft
holder at the level of the area to be grafted, where the diameter of the trunk is 1 to 5 cm,
then we try to found it using a pruning rod, then we have to prepare the graft, which is
part of a branch composed of two or three eyes, cut it into a bevel at the base of the
lower eye, so that the bevel is thicker on the side of the eye. We try to move the slot
away from the graft holder to insert the graft, we adjust it to have a good alignment of
the cambia. All we have left is the ligation and chewing of wounds. In the case of
double-slit grafting, we put two grafts.

Figure 09 (Ky-Dembele et al., 2020): A: wedge grafting; B : Original photo
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To remember

» The cambium is the growing area, located between the sapwood and bark produced

by the cambium. Sapwood is moist, soft wood. It is important to note that grafting
success is based on bringing the two graft holder and graft cambia into close contact,
for all grafting techniques.

> We cannot generalize the grafting period for all species, because this the latter can

vary depending on the climate, the grafting method and the species.

2.11.2.8 Post-graft care and protection

Brochard (2016), highlighted several points for successful grafting, among which are noted:

>

>
>
>

2.12

Remove the buds developed to promote the graft;

Try to keep only one graft per branch, after the evolution of all eyes;

Ligation is carried out using the wet raffia, it must be loosened when the branch grows;
Protect the graft from air, sun and rain with sealant, trying not to leave a void or bare
part on the folded wood,

Hoeing, weeding, fertilization and pest control are practices that ensure growth and keep
foliage healthy;

Regular watering is recommended because a grafted tree should not run out of water;
A stenting is essential, to avoid the risk of tearing or detachment by the wind, consists
in supporting a plant in its growth with a metal stem, a branch or any other support, used
especially in the case of slit or crown grafting;

Put the grafted plants under shade, possibly a shade greenhouse, to prevent them from
drying out;

In the end, the success of a transplant is not limited to recovery, but to its long-term
survival and growth;

In the field of grafting, there may be death of some poorly welded grafts, or because of

rejection phenomenon, after a few years, ends in graft death.

Study of rootstocks: fruit trees

2.12.1 What is a rootstocks?
A graft holder is a support, a tree that will receive a graft of another variety, it is a power source

for the graft. What must be remembered is that the graft holder will feed the graft and the graft
will provide the fruits (Alain, 2013; Brochard, 2016).
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2.12.2 For what purpose is a graft holder used?
It is difficult to faithfully reproduce fruit trees by sowing, because it is practically impossible
to have a tree identical to the tree from which the seeds were taken, in addition to the waiting
time to obtain a tree that will produce fruit (Alain, 2013; Brochard, 2016). So the graft protein

allows:

e Depending on the nature of the soil, the graft holder ensures a suitable choice between
the fruit-producing graft essence and the variety of graft holder;
o Great speed to obtain fruit production;
o Adapt the expected shape of the tree:
» Low-growth graft holder to produce low-growth trees
» High-growth graft holder to produce tall-stemmed trees
¢ Distribute the sap in the grafted part;
e Give the graft certain qualities;

e Adapt the same variety of fruit to different soils.

2.12.3 What factors to choose the rootstocks?
According to Alain (2013 and Brochard (2016), several factors are involved in the choice of

graft holder:

The nature of the graft holder, with high or low growth;

e Pedoclimatic constraints;

e The health status of the graft portal and its resistance to diseases;

e The type of cultivar and the crop management chosen;

e Ability to improve compatibility between a species and the nature of the soil,
e Adaptation to different soil types;

¢ the needs of the graft according to its variety;

e Absence of problems of incompatibility with the gratft.

In conclusion, the choice of graft holder is essentially based on adaptability to the soil and

resistance to diseases.

2.12.4 Seed and stone Rosacea graft holder
The rootstocks are obtained in a nursery by sowing. The latter is selected mainly on the basis
of its resistance to diseases, its adaptability to soil conditions and its compatibility with the

graft. There is no ideal graft holder, the best from the selection is retained (Brochard, 2016).
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2.12.4.1 Fruit trees
Rosaceae with pits or seeds, cultivated for their fruit, eaten fresh or processed. These species
are multiplied vegetatively. Pommier, Poirier and Cognassier are rosaceae with seeds, plum,

peach, cherry, apricot and almond are rosaceae with stones (Brochard, 2016).

2.12.4.2 Pome fruit
Avre the fruits containing small seeds, they have a high content of vitamins and fiber. Called in
botany piridion, we can mention as an example: apple, pear, quince, clementine, mandarin,

lemon or watermelon (Brochard, 2016).

2.12.4.3 All stone fruits
The kernel is the hard central part of a fleshy kernel fruit (drupe), with a hard lignin husk, on
the contrary the seeds are considered a bare seed. The nucleus is composed of two parts: the
envelope and the almond that is inside the nucleus, represents the seed comes from the
transformation of the egg after fertilization. Example: apricot, cherry, peach, plum, date, etc.
(Brochard, 2016).

2.12.4.4 Plants in the form of stone fruit rootstocks
e Peach: fruit of trees of the genus Prunus (Persian Prunus)
e Almond: fruit of trees of the genus Prunus (Prunus Dulcia)
e Cherry: fruit of trees of the genus Prunus (Prunus valium)
e Plum: fruit of trees of the genus Prunus (Prunus domestiquas)
e Apricot: fruit of trees of the genus Prunus (Prunus Armeniaca)
e Peach: fruit of trees of the genus Prunus (Persian Prunus)
e Almond: fruit of trees of the genus Prunus (Prunus Dulcia)
e Plum: fruit of trees of the genus Prunus (Prunus domestiquas)

e Apricot: fruit of trees of the genus Prunus (Prunus Armenia ca)

2.12.45  The production of fruit tree rootstocks
The production of fruit tree rootstocks involves several steps. A general outline of the process
is described below. According to Alain (2013) as well as Brochard (2016), the production

stages are:

1. Selection of rootstocks: Choose rootstocks adapted to local conditions, resistant to
diseases and compatible with the varieties of fruit trees you want to graft;
2. Soil and Nursery Preparation: Prepare fertile, well-drained soil for nurseries. Nurseries

can be raised beds, containers or culture bags;
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10.

11.

Seed collection or vegetative propagation: depending on the type of rootstocks, you can
collect grains or use vegetative propagation methods such as cutting, lacquering or
grafting;

If using seeds: Harvest from healthy, mature rootstocks. Seeds should be cleaned and
stratified if necessary to improve germination;

For vegetative propagation: Collect healthy, mature rootstock cuttings, or encourage the
emission of adventitious roots by lacquering;

Sowing or rooting the cuttings: Sow the seeds in the nurseries or root the cuttings in a
suitable growing medium. Be sure to provide optimal conditions in terms of humidity,
temperature and light to promote germination or rooting;

Care of young plants: Regularly water nurseries to maintain adequate soil moisture.
Perform phytosanitary treatments to prevent diseases and pests. Also carry out pruning
operations to promote healthy development of young plants;

Rootstock transplantation: Once the seedlings have reached an appropriate size, they
can be transplanted into larger containers or directly into nursery fields;

Grafting: When the rootstocks have reached an appropriate size and developmental state,
they can be used for grafting the desired fruit tree varieties. Commonly used grafting
techniques include slot grafting, crown grafting, and approach grafting;

Post-grafting care: After grafting, provide appropriate care to the grafted plants in terms
of irrigation, nutrition and protection against diseases and pests;

Curing and sale: Graft rootstocks must undergo a curing period to strengthen their

strength before being sold to farmers or gardeners.

It is important to note that these steps may vary depending on the characteristics of the region

of production, the species of fruit trees and agricultural practices.

2.12.4.6 Species used as rootstocks:

The species of fruit trees used as rootstocks vary depending on the nature of the region and

the types of fruit trees grown. There are several species selected as rootstocks based on their

specific characteristics such as disease resistance, compatibility with grafted fruit tree

varieties, vigor of growth, tolerance to environmental conditions, adaptation to local climate

and the specific requirements of the fruit tree variety chosen as the graft.

1.

Prunus domestica

v" Myrobolan Plum (Prunus cerasifera)

v" St. Julian's Plum (Prunus domestica 'Saint-Julien’)
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¥v" Marianna Plum (Prunus cerasifera 'Marianna’)
1. Malus
v Apple tree M9 (Malus domestica 'M9")
v Apple M26 (Malus domestica '‘M26")
v MM106 apple tree (Malus domestica ‘'MM106")

2. European Pear

v" Common pear (Pyrus communis)

v" Cognassier pear (Cydonia oblonga)

3. American Cherry

v" Cherry Blossom (Prunus avium)

v" Cherry Gisela (Prunus avium x Prunus cerasus'Gisela’)

4. Peach

v" Frank peach (Prunus persica)

v" Peach GF677 (Prunus persica x Prunus davidiana domestica 'GF677")

5. Apricot

v Straight Apricot (Prunus armeniaca)

v" Apricot 'St. Julien A" (Prunus armeniaca 'St. Julien A")

Table 02: Citrus rootstocks (Jacquemond, C & Heuzet,M, 2013)

Sensitivity tox
rootstock Description Agronomic diseases and Varietal
skills parasites behaviour
Bigaradier Dominant Suitable for a Associations Low
Citrus rootstock, wide sensitive to improvement
aurantium the most range of soil tristeza for cold
used types Susceptible to
Abandoned Fears excess mal secco resistance,
because of its | water and heavy | and nematodes, medium to
sensitivity to | soils. Limestone associations good
tristeza and chloride tolerant to productivity.
Good rooting tolerant blight, exocortis Correct
tracing fruit quality,
and pivoting good
affinity with all
varieties .
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Poncirus Supports Resistant to Improved
trifoliata Cold-resistant wetlands and gumosis sensitivity

rootstock (- asphyxiation Tolerant to to cold,
15°C) ( Fears dry nematodes improved fruit
partially soils) Sensitive Tolerant quality (sugar
imparted to the | to limescale and | combinations content), good
scion— chlorides to tristeza affinity with all
powerful Sensitive species, late
rooting tracing to exocortis and | fruit set quality
and pivoting — blight
low tree vigor
development
Citrange Hybrid between Supports Resistant to Very slight
Troyer an orange tree moderately gumming. improvement in
and a wet soils Low Association cold sensitivity
Poncirus tolerance to tolerant to Small,
Swivel limescale and tristeza, good quality
rootstock type chlorides sensitive to fruit
Vigorous Fears dry soils Blight
rootstock , Exocortis and
nematodes
Citrange Today the most Supports Association Very slight
Carrizo used rootstock moderately tolerant to improvement in
Hybrid of the wet soils Not tristeza cold
same type as the | very tolerant Susceptible to sensitivity
C. troyer to limescale and blight, High
rootstock, chlorides Fears exocortis productivity
swivelling, dry soils Tolerant to without loss of
dense and deep nematodes gauge, good
type rooting, quality
vigorous
rootstock
Citrus Good rootstock | Suitable for dry | Gum resistant Excellent

volkameriana

suitable for
many
associations
especially for
lemon trees,
good rooting

and aerated
soils
Chloride
resistant
Not very
suitable for
heavy and
asphyxiating
soils

Association
tolerant to
tristeza and
exocortis,
sensitive to
blight

resistance to
coldVery good
productivity
with the Eureka
lemon
variety (strong
vigor)
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Citrus Rootstock Sensitive to Tolerant to Good fruit set
macrophylla especially cold and wet gumosis and Strong affinity
suitable for soils exocortis with
lemon trees Supports susceptible to lemon trees
chlorides and tristeza
limestone
2.12.4.7  Vine rootstocks

The choice of vine rootstocks is based mainly on their resistance to soil diseases, drought or
cold and adaptation to different types of soil. These rootstocks are selected according to the
local conditions, the specific characteristics of the cultivated grape variety and the diseases or
parasites present in the region (Reynier, 2011; Joffreau et al., 2023). The most used rootstocks

of the vine are:

« Vitis vinifera: Some cultivars of Vitis vinifera can be used as rootstocks, although the
vine itself is also grafted onto these rootstocks. This makes it possible to overcome
certain sensitivities to soil diseases or pests, and to benefit from the specific

characteristics of the cultivar used:;

e Riparia Gloire de Montpellier (Vitis riparia x Vitis rupestris): this rootstock is used
for its good resistance to phylloxera (an insect that pests the roots of the vine), its
tolerance to calcareous soils, as well as its compatibility with many grape varieties;

e 110 Richter (Vitis berlandieri x Vitis rupestris): This rootstock is valued for its
resistance to drought, tolerance to limestone soils and resistance to phylloxera;

e 41B Millardet and Grasset (Vitis berlandieri x Vitis riparia): This rootstock is
known for its resistance to limestone and ferric chlorosis (lack of iron), as well as its
compatibility with many grape varieties;

o SO4 (Vitis berlandieri x Vitis riparia): This is a popular rootstock due to its good
drought tolerance, resistance to limestone soils and compatibility with many grape
varieties;

e 161-49 Couderc: This rootstock is used for its resistance to phylloxera and tolerance

to calcareous soils.

2.124.7.1

1. Prunus domestica

Vine rootstocks used in Algeria

o Myrobolan Plum (Prunus cerasifera)
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o St. Julian's Plum (Prunus domestica 'Saint-Julien’
2. Malus
e Apple tree M9 (Malus domestica ‘M9'")
« MMZ106 apple tree (Malus domestica 'MMZ106")
3. European Pear
o Common pear (Pyrus communis)
4. American Cherry
e Cherry Blossom (Prunus avium)
Gisela Cherry (Prunus avium x Prunus cerasus' Gisela ')
5. Peach
o Peach GF677 (Prunus persica x Prunus davidiana '‘GF677")
6. Apricot
« Straight Apricot (Prunus armeniaca)
These rootstocks are chosen based on their adaptation to climatic conditions, their resistance
to common diseases in the region and their compatibility with the varieties of fruit trees grown

in Algeria.

2.12.4.8 Examples of apricot rootstocks used in Algeria
Generally, rootstocks used in Algeria come from seedlings of Myrobolan plum, apricot, almond

and peach pits.

1. Hard apricot: the Mech-Mech is the most popular in Algeria, because it is better
adapted to edaphic conditions. It has good graft compatibility, better resistance to
nematodes and chlorotic coiling, but is susceptible to verticilliosis and rot.

2. Rootstock peach: this rootstock has a good productivity compared to the apricot
rootstock, characterized by a good sanitary condition. It is best suited to fresh, healthy
and deep soils, fruiting is quick and ripening is early. Despite these qualities, this

rootstock gives trees low vigor and high sensitivity to winds, short longevity.

3. Plum: this rootstock gives trees a very fast growth, with great vigor and good longevity,

fruiting is fast. The following is an example subtitle:

» Plum Queen Claude GF. 1380
» Myrobolan plum: has good resistance to verticilliosis, but sensitive to

nematodes and rot (armillaria mellea)
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4.

» Myrobolan GF.31: Trees grafted on this type suffer from sensitivity to
bacteriosis when found in soils with low water reserves.
» Plum Meriana gf. 81

Almond tree: it is less used, because of its low affinity with the majority of apricot

varieties, with the exception of the two types: Canino and Luizet.

2.12.5 Healthy selection of rootstocks

For the health and quality of plants used as rootstocks in fruit arboriculture, sanitary selection

remains a key element, the process steps are as follows (Reynier, 2011; Brochard, 2016;
Joffreau et al., 2023).

1.

The collection of genetic materials: this step is done by the breeder, he collects
samples of potential rootstocks in the form of seeds, cuttings or plant tissues. These
collected samples come from several regions of the country. Genetic material may be
imported from other countries.

Evaluate the health status of the collected materials: using a set of techniques such
as laboratory tests, visual observations or field inspections, the health status of the
collected samples is assessed in order to detect the absence or presence of diseases,
viruses, bacteria, nematodes or other sources of pathogens;

Plant multiplication and production: the selected material is multiplied by
appropriate vegetative propagation methods, such as grafting, cuttings, or in vitro, or by
sowing. This step is carried out in specific nurseries to ensure the growth and
development of rootstocks in good conditions;

Monitoring and certification: During the nursery cultivation period, plants are
monitored regularly for possible disease symptoms. Sanitary checks are carried out to
ensure the health of the rootstocks. Once the plants have reached an appropriate stage

of development, they can be certified as healthy and quality;

Use and marketing: the rootstocks produced, known as certified rootstocks, are
marketed to arboriculturists and fruit tree producers for use in their orchards. These
plants are preferred because they offer better disease resistance and growth, which can

contribute to healthy and productive fruit production.

Note: it should be noted that the sanitary selection of rootstocks may vary from one country to

another, it is subject to specific regulations on plant health. It is therefore important to comply

with local health standards and requirements when selecting and using fruit tree rootstocks.
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2.12.6 Healthy selection of grafts
The sanitary selection of is also an important step to ensure the health and quality of plants used
in fruit arboriculture (Reynier, 2011; Brochard, 2016; Joffreau et al., 2023). This selection is

made in certain steps:

1. The collection of grafts: the collection is done from fruit trees chosen for their desired
characteristics, such as the type of variety, the quality of the fruit, resistance to diseases,
etc. The grafts are taken from healthy, vigorous trees free of known diseases.

2. The health status of grafts: The health status of grafts is assessed by laboratory tests
and visual observations or other pathogens. The evaluation of grafts is done with the
aim of detecting the presence of diseases, viruses, bacteria or other pathogens;

3. Treatment of grafts: Grafts may be subjected to sanitary treatments to eliminate or
reduce potential pathogens. This may include hot water treatments, ultraviolet (UV)
radiation treatments or the application of appropriate disinfectants;

4. Storage of grafts: grafts are stored under optimal conditions, in a hygienic environment
and at a controlled temperature to maintain their viability and health;

5. Use of grafts: Selected grafts are distributed or marketed to fruit tree growers and
arborists for use in grafting. The use of healthy grafts contributes to the production of
healthy, high-quality seedlings, which can promote good growth and optimal fruit tree
productivity.

As with rootstocks, graft selection is based on regulations and practices specific to each
country or region. Breeders and nurserymen must comply with appropriate health standards

and protocols to ensure the quality and health of grafts used in tree propagation.

2.12.7 Diseases of rootstocks
Fruit tree rootstocks can be prone to different diseases, although their selection is often based
on their resistance to certain conditions. Here are some of the common diseases that can affect
the rootstocks of fruit trees, noted by Bowman & Albrecht (2020) as well as Smart et al.
(2023).

1. Soil fungal diseases: we can mention, root rot, verticilliosis, fusariosis, white rot or

neck rot, these diseases cause root rot and decomposition, thus weakening the plant;

2. Phytophthora: is a pathogenic fungus responsible for root and neck rot, causes the

withering and death of the rootstocks of fruit trees;
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3. Nematodes: they attack the roots of rootstocks, some of them cause lesions, deformities
and withering of the roots which leads to a weakening of the plant;

4. Virus: Viruses can cause symptoms such as leaf discoloration, deformation, slowed
growth, and decreased overall plant vigor;

5. Bacteria: the example subtitle is bacterial gum, which causes gum flow and lesions on
the branches and trunk;

6. Phylloxera: Phylloxera is an insect that pests the roots of the vine, causes galls on the
roots that lead to a weakening and death of the plant. Specifically it attacks the species

Vitis vinifera.

2.12.8  Techniques for detecting viral diseases of rootstocks and grafts
There are different techniques for detecting viral diseases of rootstocks and grafts are used
(Bowman & Albrecht, 2020; Smart et al., 2023), the most used are:

2.12.8.1 Laboratory technology
o PCR (polymerase chain reaction): this is a technique that amplifies and detects the
specific viral DNA present in plant tissue samples;
e« RT-PCR (Reverse Transcription Chain Polymerization Reaction): This method is

used to detect viral RNA, especially for RNA viruses;

o ELIZA (Enzyme-Linked Immunosorbent Assay) test: This technique uses specific

antibodies to detect the presence of viral proteins in tissue samples;

« Sequencing: using this method, the sequence of the viruses present in the samples can

be determined, which makes it possible to accurately identify the viral species;

2.12.8.2  Visual observations
« Foliar symptoms: Specialty people can define the presence of certain viral diseases
from the symptoms visible on the leaves, such as: spots, discoloration, curls, necrosis,
etc.;
e Symptoms on fruits: the diagnosis of viral diseases on fruits is based on certain

specific symptoms, such as: deformation of fruits, mottling, spots or crevices.

2.12.8.3 Laboratory tests
o Indicator grafting: Grafts taken from susceptible rootstocks or control trees are
grafted onto suspicious rootstocks or trees to observe if symptoms of the disease

develop;
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o Transmission by vector insect: Some viruses are transmitted by specific vector

insects. Inoculation tests with these insects can be performed to confirm the presence

of viruses.
It is important to note that the detection of diseases of fruit tree grafts or rootstocks requires

laboratory expertise specialized in plant diseases, consultation with plant pathologists or plant

health specialists, to obtain appropriate advice and diagnostic services.
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3 Chapter I11. Improvement and production of field crop seeds
Field crop seed improvement and production

3.1 The maintenance of the variety.

3.1.1 Introduction
Plant breeding represents the pillar of crop breeding, it is defined as a set of methods that aim
to genetically adjust plant species according to human needs. There are two types of plant

breeding: creative breeding and conservative breeding (Gallais, 2011, 2015)

It is important to note that before moving on to breeding, we must start with the creation of
the desired variety, which aims to create a new variety, either from genetic material that already

exists, or by the creation of new genetic material (Wyss et al., 2001;Gallais, 2018).

3.2 Varietal creation involves several steps
3.2.1 The creation of the starting material
3.2.2 By simple crosses
According to Wyss et al. (2001) and Gallais (2011, 2018), the methods for creating starting

materials are:

From the broodstock, autogamous plants reproduce identical to themselves by self-
fertilization, the reason why the need to cause artificial hybridization is essential to create new
varieties, for example: the manual creation of a wheat ear by caseification of a female ear, then

pollination by male ears.

3.2.2.1 By recurrent selection
Consists of solidly introducing a character, such as the introduction of disease resistance

genes and the creation of a starting material.

3.2.2.2 By mutation (mutagenesis)

Mutations can be spontaneous in nature, or caused by mutagenic agents.

3.2.2.3 By gene transfer (genetic engineering)
We can associate the important genes of several species, it is a question of working directly

on the genes.

3.3 Creative selection
It is a question of making a cross between two parents to produce a first generation F1
hybrid. Since the F1 generation is characterized by their homogeneity, the transition to a self-

fertilization of f1 in order to obtain a heterozygous 2 generation is necessary, the F2 represents
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the starting material for creative selection, according to Wyss et al. (2001), Bonneuil &
Thomas (2012) and Gallais (2016, 2018), the methods of creative selection are:

3.3.1 By genealogical selection
It is the passage from a heterozygous F2 generation to the creation of a strongly homozygous
line according to successive self-fertilizations. Principle: at each generation, the choice of
interesting plants is made, it is after the appearance of the next generation, that we can confirm
whether the retained character is externalized again and homogeneously. The choice of the

interesting variety begins at the earliest in F2.

3.3.2 By the S.S.D (Single Seed Descent) method
This method uses short cycle plants, which give several generations per year and little seed.
Principle: one seed per plant is taken for 6 to 7 generations and replanted, the breeder must keep

a copy of each starting population plant.

3.3.3 By mass selection (bulk method)
For several years, self-fertilizations of the f2 generation are carried out, the choice of the

interesting variety begins at the earliest in F4

3.3.4 Hplodiploi disation (HD)
It consists of producing plants from gametic cells without going through fertilization. In

addition, it also helps restore fertility.

3.3.5 Registration of varieties in the official national catalogue
After the creation of the variety, it is subsequently registered in the official catalogue
following registration rules and practical procedures for carrying out tests to be marketed
(Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

3.3.6 National Center for Control and Certification NCCC
Its role is to carry out the control relating to the conformity of the multiplied variety, varietal
purity, existence of diseases at the level of the multiplication fields (vegetative stages, maturity
or after shepherding, and in the laboratory). After each inspection, the NCCC issues a certificate
to the producer (Ait-Aballah-Djennadi et al., 2010; Zaghouane et al., 2008).

3.3.7  Technical Institute of Field Crops "TIFC"
Its role is the production of pre-basic and basic seeds (Zaghouane et al., 2008; Ait-
Aballah-Djennadi et al., 2010).
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3.3.8 Multipliers or producers of certified seeds (R1, R2 and R3)
These are farms that are approved by the NCCC, following a request drafted by the operator
(Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

3.3.9 Thetests
they last two years, the decision to register or refuse the variety is based on the observations
collected, these tests are organized by a study group and control of varieties and seeds, service
under the N.I.LA.R.A (National Institute of Agronomic Research of Algeria) (Zaghouane et al.,
2008; Ait-Aballah-Djennadi et al., 2010).

3.3.9.1 Official tests
In parallel with the tests, the variety to be registered is distributed to the technical extension
centers in order to test it and compare it with the varieties already registered from the official
tests. The results collected will make it possible to determine the characteristics and abilities of
the new variety. Two official tests are to be done: DHS and VAT (Warham et al., 1997;

Zaghouane et al., 2008).

3.3.9.1.1 TheDHS
test of distinction, homogeneity, stability: the new variety must be distinct from all the
varieties listed in the catalog, means giving a plus to farmers, this distinction can be
physiological or morphological in nature, a new variety has its specificity and identity in terms
of characteristics. During successive multiplications, the variety must manifest itself for all
these characteristics as homogeneous and stable. These tests are spread over one year, involve

lines and seeds of the pre-basic generation (Warham et al., 1997; Zaghouane et al., 2008)

33912 ATV
Assessment of agronomic and technological values (Warham et al., 1997; Zaghouane et

al., 2008), this test provides three criteria:

1. The variety tested must be more productive than the control variety;

2. Characterized by its use value (the most important is the bakery strength, the swelling
index, the protein and gluten content of the grain);

3. The factors of regularity of yield, the variety must ensure regularity of production in

the areas where it has been cultivated.

3.4 The decision
After the two years of experimentation, and depending on the results obtained and observed,

the Standing Technical Committee on Selection (P.T.C.S) analyses these results obtained and
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proposes to the Ministry either the refusal or the inscription of the variety in the official
catalogue, these inscription proposals are approved in the form of decrees by the Ministry of
Agriculture. After registration, which lasts 10 years and is renewed every 5 years, this variety
has become protected by private law and a protection certificate is issued (Zaghouane et al.,
2008; Turner, 2013; ARVALLIS, 2017).

3.5 Conservative selection
A very important step, it serves to maintain a perfect homogeneity of genetic material, so
conservative selection does not create the variety but it maintains the genetic material, it ensures
the conservation of the acquired characters. The steps of the conservative selection are
according to: the mode of reproduction of the plants (allogamous and autogamous) and the type

of seed to be produced: if it is a pure-line or controlled hybrid variety.

In autogamous plants, in the case of straw cereals, such as wheat for example, the
maintenance of genetic characteristics during multiplication is easy, because they are very
strongly homozygous, hence the conservative selection is of the genealogical type (Hund et
al.; 2014; Gallais, 2015, 2018).

3.6 Conservative selection and multiplication
3.7 Case of an allogamous plant: maize
The production of maize seeds is based on the hybridization technique, i.e. cross-fertilization
between plants of the same species. The purpose of multiplication is to provide the farmer with
quality maize hybrids, the quantity of water of which must be less than 14% and a germination

capacity equal to 90% (Hoopen & Maiga, 2012; Renoux, 2014).

3.7.1 Basic seed
The production of basic seed is intended to ensure the maintenance of multiplication of lines
developed by breeders, and to produce breeding hybrids used in the manufacture of commercial
hybrids (Hoopen & Maiga, 2012; Renoux, 2014).

3.7.2 The maintenance of a line
This work is carried out by the producing establishment, is done through fields of spikes-lines:
the spike resulting from self-fertilization gives the line, the sowing of the grains is done in line
in well isolated plots. During vegetation and before flowering, the plants are always subjected
to rigorous control in order to eliminate lines that do not perfectly correspond to the type of the
line. On the most homogeneous lines, self-fertilizations are carried out to implant other fields

of ear lines, it is a question of sowing 25 grains of each self-fertilized ear in a control plot of
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ear lines, and the abnormal ears are eliminated. The non-autofecundated lines, give the bulk
seed, intended for the multiplication of the line on a larger scale (Hoopen & Maiga, 2012;
Renoux, 2014).

3.7.3 The multiplication of lines and the production of simple hybrids
Carried out by multiplying farmers. Prior to commencing propagation, seed production plots

shall be isolated from any other crop of different variety of maize to avoid all kinds of

wind-borne pollen contamination. The farmer can use broad, dense and sufficiently tall groves
of trees, or plant a pollen barrier of an additional row of the male progenitor (isolation males)
at the edge of the plot (Hoopen & Maiga, 2012; Renoux, 2014).

3.7.4  Production of commercial hybrids
3.7.4.1 Sowing
Once the sowing plot is defined, the multiplying farmer alternately sows the male progenitor
lines and the female progenitor lines. The role of the male progenitor is to provide a sufficient
amount of pollen to fertilize the female flowers of the female progenitor, which is why the male
flower will need to be castrated before emitting pollen. Seed harvesting will be done on female
plants only. It should be noted that male and female broodstock often have different flowering
precocities, which requires a concordance of their blooms by the seedling on different dates,

for which three cases may occur (Kim et al.; 2001; Hoopen & Maiga, 2012; Renoux, 2014).

e Sow the male and female on the same date: the flowering precocities are identical

¢ In the case of a male later than the female: we start by sowing the male. The female
will be sown when the male reaches a stage of development sufficient to correct the
difference in early flowering. Plastic mulch is used to artificially accelerate the growth
of very late males,

¢ In the case of a male earlier than the female: the seedling of the latter will be later,

S0 as to compensate for the difference in early flowering.

Two important points to ensure excellent fertilization by pollen emitted by the male (Hoopen
& Maiga, 2012):

> Ensure a sufficient amount of pollen: this is based on the number of female plants
to be fertilized. Depending on the ability of the male progenitor to produce pollen, its
proportion in the sowing device will be adapted: 4 female rows for 3 males (4x3) in
case of bad pollinators, 6 or 8 female rows for 2 male rows (6x2; 8x2) in case of very

good pollinators.
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» Have pollen at the right time: spread the production of pollen over time by shifting
the seedling of certain male rows, in order to have a better probability of fertilizing

all females, even in the case of a flowering that is not absolutely homogeneous.

1.1.1.1 Castration
The most important step in the production of maize seed, it consists in removing the panicles
from the female plants, before the emission of pollen from these panicles. The risk of forgetting
a single panicle on a row can result in the production of 5 million pollen grains which may, by
self-fertilization, give non-compliant seeds. It is important to note that today, thanks to genetic
castration, the lines taken as female are male sterile, i.e. they do not produce pollen (Hoopen
& Maiga, 2012; Renoux, 2014). Several castration techniques are used:
e A classic manual castration ;
e Forced castration: the panicle or complete cone is removed even if the panicle is not
yet visible;

e Mechanical castration.
During the inspection, certain standards must be respected:

e Every two days, the plots are visited, the breeder must not observe more than 5% of
pollen-emitting panicles in the female lines;
e The percentage of 15% of female plants that have emitted pollen must not be exceeded,;

e An impurity level of 2% between male and female broodstock must not be exceeded.

3.7.4.2 The multiplication contract
A contract is signed before sowing, which is an official document binding the production
establishment and the multiplier. This contract includes the area, the variety produced and the
description of the basic seed seeding device (Kim et al., 2001; Hoopen & Maiga, 2012).

3.7.4.3 Harvesting
Before harvesting and according to the homogeneity of the varieties and the presence of
identical characteristics between them, the plots are classified to be harvested in series
(Kim et al., 2001; Hoopen & Maiga, 2012). Intensive monitoring of batches is essential, for

this it is necessary:

e Take samples each time to check the evolution of humidities;
e Decide and plan a harvest schedule;
e foresee the quantities to be harvested,

e set the corn-pickers correctly (machine for picking corn on the cob)
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It is important to note that a humidity range to be respected at harvest, this range is determined

after several years of testing. This threshold is defined by:

e A threshold above which the maximum weight of 1000 grains is reached;
e A minimum humidity threshold below which there is a risk of dispersion or

cryptogamic contamination.

Maize seeds are only harvested from female plants, thanks to a specific material that only

harvests the ears, so the ear harvest is essential for the following reasons:

e No injury of the grains, no alteration of the germination capacity of the seeds;
e Disposal by sorting damaged, contaminated, immature, poor quality and off-type

ears.

3.7.4.4  Sorting, treatment and packaging of seeds
The steps of storing, treatment and packaging of seeds, have been mentioned according to
Hoopen & Maiga (2012), Renoux (2014) and Kugbei (2019).
3.7.4.4.1 Sorting
A sorting table is used to manually remove contaminated, immature, poorly fertilized ears.
The ears are also stripped to get rid of remaining spathes and plant debris.
3.74.42 Dry theears
The purpose of drying the ears is to lower the humidity level to bring them to a humidity of
less than 14%. Drying is a very important step to preserve germination and ensure seed
preservation.
3.7.4.4.3 Threshing and bulk storage
After separating the corn kernels from the rest of the cob, and cleaning them, moisture
control and germination tests are carried out, then the kernels are mixed to form homogeneous

seed lots.

3.74.5 Sizing
It consists of distributing the seeds by size and constituting homogeneous batches necessary

for precision sowing.

3.7.45.1 Passage through a densimetric table
Used to remove diseased grains and scalded grains that germinate badly.

3.7.45.2 Treatment
The seeds benefit from a phytosanitary protection treatment against certain fungi and against

bird attacks. The treated semen is colored and becomes unfit for human or animal consumption.
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Treatment is essential to protect them from parasites during the germination and development

phase of young seedlings.

3.7453 Packaging in doses
A number of maize kernels of 50,000 or 80,000 are packaged in seed bags. The seed bags
are sent to distributors to be sold to farmers.

3.7454 Control and traceability
Participants in the seed production chain participate in carrying out this step. Many quality
controls are carried out by production establishments, in order to ensure users a live and
marketable product (Warham et al., 1997; Hoopen & Maiga, 2012).

3.74.6 Culture control
At each campaign, the producing establishment announces the establishment of the culture
to the official control service (SOC) before the first of June. Surprise visits are made by
specialist technicians. The distances of isolation, the cultural state, the purifications, the
castrations are particularly controlled. Observations are made to the SOC (Warham et al.,
1997; Hoopen & Maiga, 2012; Turner, 2013).

3.74.6.1 Batch control

These are controls carried out at the laboratory level, these controls begin before harvest,
such as the analysis of the water content on PPE, in order to prepare the physiological maturity
of the grains and plan the harvest date. From each batch samples are taken and analyzed in order
to verify the compliance of the batches with the certification standards. The first sample taken
is sent to the SOC to verify the purity and varietal identity of the batch, in microplots, or
possibly by grain electrophoresis. The second sample undergoes analyses to evaluate the water
content, specific purity and germination of the seeds (Warham et al., 1997; Hoopen & Maiga,
2012; Turner, 2013).

3.74.6.2  Seed certification
Certified seeds must be subject to specific optimal standards to ensure their conformity and
quality, these standards are determined in "Technical regulations for the production, control and
certification of maize seed"”. The batches submitted for certification must ensure the following

standards:

> Grains of different color and texture.....max. 0.1%
> Specific purity...ccceeveeeveieneniiiienenense. mini 98%

> Percent Germination.........ccoeeeeveeeeeeeeeeeeeenne.. mini 90%
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> HUumidity ..ocoevevenernieiernenreeneeenrennnns maxi 14%

Seeds with the official certification standards are packaged and labelled. The certificate shall
bear the name of the variety, the batch number, the number of grains and the date of the
certification analysis (Warham et al., 1997; Hoopen & Maiga, 2012; Turner, 2013).

3.8 Case of an autogamous plant: wheat
The conservative selection in this case is used to choose each year a sufficient number of
ears by the breeder to ensure the resumption of lines of the variety (Hund et al., 2014).
According to Zaghouane et al. (2008), Ait-Aballah-Djennadi et al. (2010), ARVALIS (2017)

and Turner (2013), the categories of wheat seeds produced are:

3.8.1 Seed from GO to G1
The ears from a selection of GO are sown separately according to the epi-line technique (one
by one in line), the choice and isolation of the plots as well as the cultivation techniques reduce
the risks of divergence. Rigorous control is ensured by the breeder during vegetation and before
flowering to downgrade or eliminate ears that do not have the same characteristics of starting
genetic material. The GO harvest gives the first G1 generation and the finest ears will be used

to remake the GO starting material.

3.8.2 Seed from G1to G2
The following year, the second G2 is obtained from seed of the first generation G1. The

breeder performs the same control work to always eliminate non-compliant ears.

3.8.3 Seed from G2 to G3
The same steps are followed to provide the third generation G3. G3 gives the pre-basic seeds,

it is from this generation that the multiplication begins.

Figure 10. Multiplication fields of GO and G1 according to the epi-line (Original photo)

64



Chapter I11. Improvement and production of field crop seeds Dr. CHELEF. M

3.8.4 Seed from G3 to G4
The same workflow is followed to arrive at the production of the fourth generation G4. G4

seeds represent the basic seed, used for the multiplication of certified seeds.

3.85 Seedfrom G4 to R1
The last step of multiplication, leads to the passage from the basic seed to the certified seed.
In order to market certified seed to farmers, production must be sufficient. Multiplication is
ensured by the contracted multiplier farmers, and under the responsibility of the producing

establishments or breeders.

Takeaway: Conservative breeding ensures that the genetic identity of the variety is

maintained, based on breeding and multiplication work during the first six years.

3.9  Seed production techniques: cereals and fodder
To study seed production techniques, we must start with the concept of experimentation,
which aims to compare the production rate and agronomic characteristics of a new variety under
specific agro-climatic conditions. Experimentation tests develop a new variety that must be

multiplied according to precise multiplication rules.

Following a seed technology, the delivery of raw seeds is carried out, from the farmer-multiplier
to certified packaged and sealed seeds (Zaghouane et al., 2008; Ait-Aballah-Djennadi et al.,
2010; Turner, 2013; ARVALLIS, 2017).

3.9.1 Experimentation
Experimentation allows the resolution of very great diversity of problems, it consists in
studying plant varieties, their adaptation to climatic conditions, the nature of the soil, production
systems, their water and fertilizer needs, the quality of the products, their capacity to withstand

packaging, transport, storage and conservation means (Zaghouane et al., 2008; Turner, 2013).

3.9.1.1  Setting up a trial
Zaghouane et al.(2008), Ait-Aballah-Djennadi et al. (2010), Turner (2013) and
ARVALIS (2017) showed the steps of setting up a trial:

3.9.1.1.1  Test or demonstration
Doing several demonstrative tests will make it possible to make an objective judgment.
Observations include external damage occurring at very specific vegetative stages, such as

insect attacks, shedding vegetation, weedkiller damage, etc.
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3.9.1.12 Locations
The tests must be located in representative plots of the test region. It is important to choose

a plot that meets the requirements of the experiment.

3.9.1.1.3  Appearance and general presentation
The presence of a general plan of the test at the entrance to the plot helps the technician to

have a global idea of the experimentation and to judge the test from installation to harvest.

A
B dur

" AMMAR 06 -

Figure 11. Experimental study of the characteristics of several varieties (Original photo)

3.9.1.1.4  Agro-climatic characteristics
It is essential for an experimenter to have information on soil analysis, tillage dates and soil

preparation, cultivation conditions, rainfall, temperature, etc.

3.9.1.15 Interpretation
Notes are taken after having a quick tour of the test, will give an idea of the homogeneity of
the plot. A quick summary is performed before leaving the plot. It is worth noting anomalies at
the level of the plot. Any effect noted is related to the variety and not to the stage of the plant,
such as the appearance of sensitivity to an herbicide following certain herbicide treatments.

3.9.2 Testing of agronomic and technological value
The marketing of seeds is limited to varieties listed in the Official Catalogue of Species and
Varieties. For a variety to be included in the official catalogue, it must comply with agronomic
and technological standards (Zaghouane et al., 2008; Arvalis, 2017; Turner, 2013).
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3.9.2.1 Yield study

The experimentation aims to place the variety in optimal conditions of growth and
development in order to assess its production capacity. Experimentation also makes it possible
to determine the weaknesses and constraints of variety growth and development, such as
climatic and/or pathological accidents. The interpretation of the results of each test is subject to
two types of control: the verification of its agronomic validity following the notes taken during
the visits during the experiment and the statistical analysis of the notes to validate the variety,
for example the comparison of the yield of several repetitions. Observations provide an

opportunity to know the cause of varietal inferiority, such as susceptibility to certain diseases.

3.9.2.2 Study of technology
Analyses are carried out by specialized laboratories. The type of analyses is specific to each
species. For the variety of wheat, for example, the analyses carried out are those of
determination of the protein content, color of dough, weight of 1000 grains, sizing, semolina

yield, etc.

3.9.3 Conducting the multiplication field
Multiplier farmers take responsibility for multiplying the seed, either alone or in association

with producer establishments, to produce the pre-basic (G3), basic (G4) or R1 seed.
Seed multiplication must meet three quality requirements

e Ensure varietal purity by preserving the qualities of the starting material
e Ensure specific purity through weed grain assurance

e Ensure grains with high germination capacity

The varietal and specific purity of the seeds are obtained by the farmer-multipliers who
provide the high-quality basic seed according to varietal and specific purity standards superior

to the certified seeds.

3.9.3.1 The requirements of the farmer-multiplier profession
Multiplier farmers must meet several conditions as follows Zaghouane et al. (2008) and Ait-
Aballah-Djennadi et al. (2010).

Owning land to multiply or having a rental contract;
Have specific agricultural equipment;
Have technical competence;

Practice adequate crop rotations;

o A

Have regular and/or high returns in previous years;
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6. Comply with the technical regulations and the application of the path of production of
certified seeds;

7. Undertake a multiplication contract with seed producers.

3.9.3.2 The multiplication contract
The multiplication of seeds is carried out under contract between the farmer-multiplier and
the producing establishment. The farmer provides a quality product, in return, the producing
establishment must buy the crop. The sowing declaration is drawn up and sent to the NCCC,

which controls the parentage, the quantity of seeds delivered and the category to be produced.

On the one hand, the producing establishment draws up a scorecard, which helps the
technician to monitor the crop throughout its cycle until harvest, and on the other hand, the
NCCC draws up another scorecard on the basis of the data contained in the sowing declaration
(Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

3.9.3.3 Seed production (multiplication) rules
According to Zaghouane et al. (2008) as well as Ait-Aballah-Djennadi et al. (2010) seed

production rules are:

3.9.3.3.1 Generation conditions

e Location and potential: multiplication must be oriented towards areas of high
potential and having water resources.

e Minimum area: the minimum area per multiplier is:

v" 5 hectares for pre-basic seed (G3);
v 10 hectares for basic seed (G4) and certified seed (R1/R2/R3).

e Plant material: the number of varieties per multiplication, for each species, a
maximum of two varieties to be multiplied, depending on the size of the farm in order
to avoid varietal and/or specific mixing. The selected plant material must generate the
following characteristics:

v" Good starting vigor, good drought and pour tolerance and good hardiness
v" Consistent performance.

e Supervision: the standards required for the supervision of the cereal seed

multiplication program are:
v" GO starting material: one agent of at least per 10,000 lines;
v" Pre-basic and basic seeds (G1, G2, G3 and G4): at least one agent per 500

hectares;
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v" Reproductive seeds (R1, R2 and R3): at least one agent per 1000 hectares.

3.9.4  Cultivation rules
The cultivation rules were noted by Zaghouane et al.(2008), Ait-Aballah-Djennadi et al.
(2010) and Turner (2013).

3.9.4.1 The origin of the seeds
Must be justified by the multiplier, on the mother seed bags, official labels are presented.

3.9.4.2 The choice of the plot and the crop precede it
The choice of the plot is very important, it is advisable to choose clean and weed-free plots,
the reason why the multiplication plot must not have borne cereals during the previous year to

avoid varietal and specific mixing, as well as the appearance of diseases.

3.9.4.3 Isolation of plots
It is obvious to respect the rules of isolation of the plot, rotation and rotation. In addition, the
immediate environment of the plot must be controlled, to avoid pollination, such as physical

isolation and the absence of nearby meadows....etc.

3.9.4.4 The tillage and the preparation of the seedbed
After the choice of the plot and for the establishment of the crop, an average tillage in autumn
(after harvest) or in spring (fallow) is carried out. The preparation of the seedbed is done with
tools such as the Cover crop, this makes it possible to level the soil and refine it to receive the

seed.

3.9.5 Sowing

A specific seed drill must be used for the seedlings (GO) well cleaned, it is a question of
sowing the seeds of each ear in separate lines from 1 to 1.5 m long. The presetting can be
performed manually. A line is used in the seed drill for the sowing of the pre-basic, basic and
reproductive seed. The propagation plots are sown in 3 m strips, separated by 40 cm from each
other to facilitate the passage of technicians during visits and purification. Seed bags should not
be sown without an outer and inner and open label, a mixture of varieties or lots (Zaghouane
et al., 2008; Ait-Aballah-Djennadi et al., 2010; Turner, 2013)

For seedbeds :

> Keep exterior and interior labels;
» Draw up and transmit the declaration of sowing and the request for control to the
NCCC;
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» Sow taking into account the weight of one thousand grains of the lot to be sown
following the recommended density;

> Increase the sowing density by 10 to 15% in the case of late sowing;

> Sowing depth of less than 3 cm for rapid emergence, while a depth of more than 3 cm

increases emergence losses;

3.9.6 Monitoring seed multiplication plots
The seed technicians of the producing establishment must monitor and inspect the plots
regularly in order to report failures and make the necessary corrections. Field visit technicians
carry notes on a control sheet or field notebook (Zaghouane et al., 2008; Ait-Aballah-

Djennadi et al., 2010; Turner, 2013). The monitoring of plots consists of:

3.9.7 Verification of the variety
The monitoring technicians must be able to recognize the multiplied variety to take notes of

the characteristics of the variety and ensure its compliance;

3.9.7.1 Isolation standards
Technicians must confirm that the isolation of the plots from the others complies with the
standards, and that the farmer-multiplier ensures compliance with the isolation standards at the
time of the programming of the plots and the installation of the crop. The purpose of isolating

plots is to avoid their contamination

3.9.7.2 Knowledge of the general state of the crop
Periodic visits to the plots help the technician to assess the general state of the crop and to

judge whether it complies with the requested standards or not.

3.9.7.3 Varietal purity assessment
The farmer-multiplier and the producing establishment make every effort to ensure varietal

purity by applying the production rules.

3.9.8 Maintenance of seed multiplication plots
To ensure a good crop condition of the field, maintenance work on the multiplication plots
Is essential, such as: weeding to limit weed development, mineral fertilization which is a
productivity increase value to the plot and directly influences the quality of the grain, it is
applied according to the species and the variety, the yield objective, the nutrient content of the
soil. Purification work to obtain a production with good specific and varietal purity. Control of

cryptogamic diseases and pests to minimize damage to seed yield and quality, specific
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phytosanitary treatments can be applied to limit pest proliferation (Zaghouane et al., 2008;
Ait-Aballah-Djennadi et al., 2010; Turner, 2013).

3.9.9 Harvesting

Harvesting is done when the cereal has reached maturity. It is important to combine the
optimal stage of seed maturity with the proper cleaning and adjustment of the combine, and
take into consideration the parameters that can influence the yield and quality of the harvested
products in order to harvest at the right time and preserve the germination quality of the
harvested grains. A quality harvest is based on the moisture content of the grains, cleaning and
combine setting to arrive at a quality harvest. The harvest makes it possible to obtain seeds with
good germination capacity, good specific purity and with less field loss (Zaghouane et al.,
2008; Ait-Aballah-Djennadi et al., 2010; ARVALLIS, 2017).

3.9.9.1 The harvesting of the lines
Always starting with the harvesting of the GO epi-lines to make the safety stock, then the
rest of the epi-lines are harvested by a specific combine harvester, placed in labeled bags and

intended for the production of G1.

3.9.9.2 The harvest stage
Depending on the moisture content of the seed or the complete ear, the harvest date is
planned: it is advisable to harvest as soon as the seeds are physiologically mature and before

they are completely dry with a moisture content of about 11 to 14%.

3.9.9.3 Prepare the harvest

For a good harvest preparation, it is necessary to:

> The combine contains no other grains to avoid varietal mixing;

» Ensure the proper operation of the combine harvester;

» Try to harvest under favorable conditions;

> The equipment used must be thoroughly cleaned before starting the harvest of each
plot;

\4

Ensure that the combine harvester does not come from a diseased field to avoid
contamination;

Harvesting begins with early varieties and ends with late varieties;

Make sure to use new bags;

The harvest of each plot must be identified and labelled in bags inside and outside;

vV V V V

Ensure good conditions for the transport of production;
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» Trim the plot, this step is very important to remove the impurities often frequent at the

edge of the fields, the harvest of the edges is sold as grain for consumption.

3.9.94 Storage
According to Kugbei (2019), here are some storage rules:

> Store in very clean places;

» Try to thoroughly clean the storage cells before putting the harvest;

» Use phytosanitary products to clean storage rooms;

> Ventilation is essential to lower the temperature and humidity of the grains to prevent

them from germinating;

\4

When storing grade the same cleanliness precautions;

\4

Check the sanitary condition of seeds during storage by carrying out checks on stored

seed lots.

3.10 Organization of seed production
Before embarking on the path of organizing seed production, it is necessary to have an idea of

the different stakeholders in the seed sector.

3.10.1 The various stakeholders in the seed sector
3.10.1.1 Research and variety breeding institutions
Their role lies in the creation of new varieties with the desired characteristics. Any seed
program must be supported by varietal breeding work to create new plant material with qualities
desired and accepted by farmers and other users. These establishments also produce varieties
that combine the characteristics of other known varieties, this is called hybrid varieties or
selection after hybridization (Hund et al., 2014).

The breeding establishments in Algeria are the technical institute for field crops through its
demonstration and seed production farms. The TIFC takes responsibility for the national
program for the creation and breeding of cereal varieties in collaboration with the International
Center for Agricultural Research in Dry Areas (ICARDA), to a lesser degree the International
Center for Maize and Wheat Improvement (ICMYl) and the Arab Center for Dry Zone Studies
(ACDZS). This production phase is completed by the approval of the variety for its DHS and
TAV, provided by the NCCC (National Center for Control and Certification of Seeds and
Plants) (Zaghouane et al., 2008).

3.10.1.2 Seed production establishments
(Zaghouane et al., 2008), showed the main seed production establishments in Algeria:
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o TIFC: represents the only approved national research and varietal breeding institution,
it is responsible for the programming of the production, realization, management,
monitoring, collection, packaging, distribution and storage of pre-basic and basic seeds,
these tasks are organized in part within 9 demonstration and production farms, located
in the main agro-ecological zones of Algeria.

e Producer seed establishments: are approved by the Ministry of Agriculture and Rural
Development, responsible for the multiplication of seeds of varieties authorized for
production and marketing (breeding seeds: R1, R2, R3). These facilities work with a
network of multiplier farmers and facility technicians. Indeed, these establishments
provide basic seeds (G4).

e Establishments for the control and certification of certified seeds: the National
Center for Control and Certification of Seeds and Plants (NCCC), responsible for
control and certification at the national level. For arable crops, in particular cereals,
there is a vegetation check and issues a provisional approval certificate (PAC), and
another check at the laboratory and which issues a final approval certificate (FAC).
There are three control laboratories: Constantine for the Eastern region, El-Harrach for
the Central region and Sidi- Bel- Abbés for the Western region. The NCCC is
responsible for:

> Approval and management of the official catalogue of varieties;

> The organization of seed control and certification activities;

> Responsible for the development and application of regulations determining the
conditions for the production and marketing of seeds;

o Multiplier farmers: they constitute the networks of producer establishments, they
produce farm seeds. They ensure the production of quality seeds and meet the required
standards.

o Certified seed distributors: after years of research and development as well as
production, we obtain quality seed ready to be distributed and marketed by producing
establishments and other importers who ensure the availability of certified seed to
farmers.

e User farmers: their role lies in the production of consumption grains for other users
such as processors. Grains and processing products are used for the needs of humans,

animals and industry.
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Processors or industrial: represented by industrial units to manufacture semolina,

pasta flour, livestock feed, etc.

According to Zaghouane et al. (2008) as well as Turner (2013), good seed is characterized

by:

Of the highest possible varietal purity (absence of seed of other varieties).
Of the most perfect specific purity possible (absence of waste).

As perfect a state of health as possible (absence of pathogens and pests)

Of the highest possible germination (almost no seeds that do not germinate)

With the lowest possible water content

vV VV V V V

Perfect physical development (absence of wrinkled, broken, deformed seeds)

» With the highest possible storage capacity.

A seed that meets all these criteria is a

v' "quality seed", "certified seed" ;

v "controlled seed", selected seed ".

The organization of seed production or the seed program is an organizational concept,

defined as a series of measures to be taken and activities to be carried out in order to ensure

production in quantity and quality (Zaghouane et al., 2008; Turner, 2013). The objectives of

this organization are:

Ensure the availability of seeds of quality and quantity to farmers at the right time and
at an attractive price;

Correctly plan and schedule productions at different stages of the seed chain;
Determine the human, material and financial resources essential for the implementation
of a seed program;

Coordinate the various activities of stakeholders and partners in seed production and
dissemination;

To multiply seeds of all categories under the most favorable conditions;

Build and maintain a safe stockpile and safeguard the varietal and genetic heritage

The results achieved.

3.11 Production engineering

3.11.1 Variety
Varieties programmed to be certified are only seeds of varieties listed in the official catalogue

of species or Community varieties not listed in the official catalogue. Certain special conditions

may be laid down for allogamous and autogamous species. Starting with the autogamous
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species, the varietal characteristics must be consistent with those of the samples already listed
in the catalogue considered as a reference control, so the principle of multiplication of these
species is based on varietal fixity, conservative selection, filiation and the maintenance of a
good physiological and health status. Whereas for allogamous varieties, the varietal
characteristics must be identical and homogeneous from one batch to another and remain stable
from year to year, and always conform to those already entered in the catalogue (Zaghouane
et al., 2008; Ait-Aballah-Djennadi et al., 2010; Turner, 2013).

3.11.2  Seed Categories
According to (Ait-Aballah-Djennadi et al., 2010; Zaghouane et al., 2008), there are four

seed categories:

3.11.2.1 Starting seeds
This is the initial material such as lines or clones, to resume or continue each year the

conservative selection of the variety.

3.11.2.2 Pre-basic seed
A plant material located between the starting material and the basic seed (G3 wheat case).

3.11.2.3 Basic seed
This is the plant material used for the production of seed certified according to the rules of

conservative selection (G4 case of wheat for example).

3.11.24 Certified seeds
Material resulting from the multiplication of basic seeds after CNNC agreement of a pre-
basic seed. It is important to note that the category certified seed is subdivided into certified
seed of first reproduction (R1), certified seed of second reproduction (R2) ....etc., up to the last
generation that is not likely to produce seed (Zaghouane et al., 2008; Ait-Aballah-Djennadi
et al., 2010).

3.11.2.5 Seed needs assessment
In order to plan a seed production program, the estimation of the seed needs of different
species in the long and medium term remains essential to set production objectives according
to potential demand. Several estimation methods are applied depending on planning system and
country policy (Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).
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3.11.2.6 Seed production programming
After estimating the demand for seeds at the local, regional and national levels, seed
programming must be addressed at all levels (Zaghouane et al., 2008; Ait-Aballah-Djennadi
etal., 2010).

> Determine the areas to be planted with certified and marketed seeds
» Programming elements: are summarized in:

1. the recovery rate of propagating seed crops (Rr) relative to a sown area;

2. the rate of sorting deviations during seed packaging (Rd), seed losses as unusable
waste;

3. the rate of refusal in the field (Rf) during control in vegetation;

4. the refusal rate in the laboratory (RI) after the official control in the laboratory
according to the standards of varietal purity, specificity, germination capacity and
health status;

5. The safety stock by seed category;

6. The yield performance (Yield) obtained on the basis of the quantities approved

in the laboratory in relation to the surface area approved in the field.

3.11.2.7 Production

The production of a quality and certified seed is linked to the respect of a propagation process
which aims to multiply and reproduce genetically pure seeds identical to the type of the variety
being propagated through conservative genealogical selection, the latter making it possible to
obtain, after five or six generations, a seed that has kept all its characteristics in each generation.
After the entry of the variety in the official catalogue, it will be allowed to be multiplied and
marketed. The ears of the variety given by the breeder are used for seed multiplication as a
starting product, called the original or reference ears (Zaghouane et al., 2008; Ait-Aballah-
Djennadi et al., 2010; Turner, 2013).

3.11.2.8 The breeder’s responsibility
The breeder of the variety represents the master of the production of these varieties, he is

responsible for the production of pre-bee and basic seeds.

3.11.2.9 Production condition
Zaghouane et al. (2008), Ait-Aballah-Djennadi et al. (2010) and Turner (2013),
determined the seed production conditions
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10.
11.

12.

3.12

Localization of the program the multiplication program must be well stocked and well
distributed in potential areas to ensure better productivity

The quality of the multiplier network locate the program according to the individual
capacities of a multiplier; choose effective multipliers;

build a database of multiplier farmers to facilitate monitoring and evaluation of the
quality multiplier network;

establish a multiplication program limited to the varieties requested by farmers;
establish a relationship between research and the seed production department in order to
define a policy for the selection and introduction of varieties;

as part of the supervision and training, the qualified technical teams responsible for
monitoring must ensure that the production programs are carried out in the best
conditions at the level of the farmers, to apply the effective technical routes, to monitor
from the delivery of the seed to its receipt in the laboratory;

provide a quantitative and qualitative seed production balance sheet for the year, this
balance sheet must contain all the results of production in order to evaluate the adopted
program and its level of success;

set the number of pre-basic and certified seed generation;

limit the minimum areas per variety and per species;

determine the standards to be met by seed lots;

ensure that the multiplier farmer properly cleans his semi-harvesting and harvesting
equipment, as well as the seed storage premises;

The multiplier farmer must identify, store and transport the crop in good conditions;

Seed inspection and certification bodies

It is important to note that the production, control and certification of seeds are governed by

technical regulations, including the application of the descriptions and ministerial orders that

determine the conditions specific to the different species or groups of species. The NCCC is

responsible for the application of these technical regulations and the development of an official

certificate of conformity of the product and put labels on each package meeting the regulatory
standards of seeds (Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

The control and certification of seeds occupies an important place in the seed production

process, as this step serves to:

» Provide seed users with quality seed;
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» Produce and distribute seed in such a way as to maintain and guarantee its genetic,

physiological, physical and health characteristics.

Technical control is carried out at all stages of production, packaging, storage and marketing

of all categories of seeds.

Order No. 249 of October 3, 1995, lays down the general technical regulations for the
production, control and certification of seeds and seedlings, in which the conditions for
admission to control, production methods and standards for control and certification are
identified (Official Journal 1996).

3.12.1 The Seed Control Organization
The control is carried out from the starting material to the production of certified seeds in
three stages (Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

» Field control: pre-control and final control,
» laboratory research
» A posteriori check that makes it possible to verify the reliability of the certification

system.

3.12.2  Why do checks?
Controls ensure farmers the availability of good quality seeds and protect them from poor
quality seeds, through the inclusion of varieties in the official catalogue and seed certification.
The following table summarizes the regulatory standards for the certification of cereals

according to the Official Journal (Zaghouane et al., 2008).

Table 03: Regulatory Standards for Cereal Certification (Zaghouane et al., 2008)

Qualitative particulars
Generations varietal purity Analy_t cal Per_cent_ Humidity
L. purity Germination .
Minimum .. .. Minimum
Minimum Minimum
G1l-G4 G1 999 98 85 14
R1 997 98 85 14
R2 990 98 85 14

Seeds that meet these official standards are certified and identified by a certificate of

approval.
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For the monitoring, control and certification of all seeded plots in order to multiply the seed,

a declaration of sowing of all the latter by the producing establishment is essential.

3.12.3 Field control of seed multiplication plots
Field control of multiplication plots consists of verifying varietal identity and purity, specific
purity and compliance with production rules (Zaghouane et al., 2008; Ait-Aballah-Djennadi
et al., 2010). The control of the plots in the field is done in two steps:

3.12.4 First visit or pre-control
This step is carried out at the beginning of the wheat development cycle ear in order to
(Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

» Check the conformity of the multiplied variety with that declared on a scorecard,;
Plot surface area (m?)
Verify compliance and isolation;

Have an idea on the first estimate of varietal purity;

vV V V V

Make recommendations for the improvement and / or preservation of the cultural
condition of the plot;

> Eliminate parcels with anomalies.

3.12.5 Second visit
Represents a final check, carried out between the ear stage and before maturity for
(Zaghouane et al., 2008; Ait-Aballah-Djennadi et al., 2010).

» Evaluate by counting the level of varietal and specific impurities;
> Note the presence of diseases;
> Classify the multiplied variety into the appropriate category;

» Estimate the forecast amount of harvest.
Finally, the controller must give an independent opinion on the state of the crop to the NCCC.

3.12.6 Issuance of the provisional approval certificate (PAC)
According to (Zaghouane et al., 2008), based on the results of the notations and counting of

the multiplication plots, the variety is either:

> Approved, from which a provisional Arena Certificate is drawn up;

> Refused, hence a certificate of refusal specifying the reasons for refusal.
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3.12.7  Laboratory research
Laboratory control guarantees the specific purity and germination of the seeds. The analyses
are carried out according to the rules of the International Seed Testing Association (ISTA) in

order to guarantee:

> A specific identity and purity;
> Better soil quality?
> Sanitary quality

Representative samples from each batch are taken and then analyzed in the laboratory to
confirm batch compliance with certification standards. The NCCC carries out analyses to assess
the water content, specific purity, germination and sanitary status of seeds. Seeds that comply
with official standards, will be certified and identified by the defined approval certificate
(DAC), the same for their lot number. The control is carried out on all categories of seeds
(Warham et al., 1997; Zaghouane et al., 2008).

3.12.7.1  Factory inspection

From representative samples of each batch, taken by sampling.

3.12.7.2  Factory sampling and laboratory tests

In order to control batches, samples are taken at the time of machining or from packaged and
stored bags. Sampling is carried out at any stage of packaging or marketing of certified seed, it
consists of taking as many small seed fractions as possible, called elementary samples, at
different points in the batch, these small fractions are collected to constitute the overall sample,
representative of the seed batch. Sampling can be done manually or mechanically. The sampling
intensity depends on the number of bags delivered with a concentration of less than 100 kg
(ISTA standards) (Warham et al., 1997; Zaghouane et al., 2008).

3.12.7.3  Submission of samples to the laboratory
The representative sample of each batch is sealed, labelled and sent to the laboratory for
analysis. Zaghouane et al. (2008) noted that the sample is accompanied by a request for

analysis, which must include the following information.

> Sender Name
Address
Species

Variety

vV V V V

Origin
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» Category

» Lot identification number (PAC)
> quantity of seed.

> Gross/Net Seed Quantity.

3.12.7.4  Homogenization and division of the sample in the laboratory
The Different samples are homogenized to obtain the overall sample, then it will be reduced
to a size adapted to the different analyses to be carried out. Several types of device are used to

perform sample division (Zaghouane et al., 2008).

3.12.7.5 Laboratory tests
The analyses carried out are:
3.12.75.1  Specific purity
It is defined as a percentage of the weight of pure seeds presented in the analysis sample.
This analysis consists of identifying and evaluating in the batches, the presence of seeds of
cultivated plant species, weed seeds, stones, soil, etc (Zaghouane et al., 2008). The control
steps are:

1. Take a bulk sample of the seed lot;

2. 2. Sample preparation and analysis

3. Enumeration and identification of seeds of foreign species;

4. The results are expressed as a percentage of the weight of pure seed in the indicated

species of a batch concerned, and are then compared with official standards;

o1

Refusal or acceptance of batches for certification;
6. The specific purity percentage of cereals is:

v Pre-basic seed is 99%

v" Reproductive seed is 98%

3.12.7.5.2 The germination capacity
This is the percentage of viable germs obtained within a period of n days and under optimal
temperature and humidity conditions. A germ is noted as viable, if the seed has germinated and
its phenotype meets a certain standard. For cereals, the germination required is 85% at eight
days. Seed germination does not reach 100%, which is why the seeds are either dormant or
dead, the seedlings are also classified as normal and abnormal seedlings. At the end of the test,
the germination percentage is obtained by counting normal and other seedlings produced per

100 seeds sown (Zaghouane et al., 2008).
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3.12.7.5.3 Water content
It is important to define the water content, because it influences the viability of the seeds

during storage, the higher it is, the harder it is to keep the seed alive (Zaghouane et al., 2008).

3.12.7.5.4 Health status
Regarding the health status, the seeds must be free from diseases (Zaghouane et al., 2008).

3.12.7.5.5 Analysis of the results obtained
Analysis of the results obtained is essential to determine the success points or not of seed

production program (Zaghouane et al., 2008).

3.12.8 The issuance of a final approval certificate (FAC)
On the basis of the laboratory control results, the seed lot is either:

> Approved
» Downgraded
> Refused

In the case of an approved batch, an approval certificate is issued. Zaghouane et al. (2008),
Showed that in inside and outside the batch, a label is placed to identify the seed and the batch,

on which the following information can be found:

> National Center for Control and Certification of Seeds and Plants: NCCC;
Species

Variety

Category

Batch number

Net weight or declared gross weight;

Harvest year

Date of official closing,

vV V V V V V V V¥V

Plant-health treatment

3.12.9 Retrospective inspection
This is a quality control on part of each pre-basic, basic and breeding seed sample, this
control is carried out in order to verify the identity and varietal purity of the batch after its
marketing and/or to verify the reliability of the certification system (Zaghouane et al., 2008;
Kugbei, 2019).
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The posteriori control also makes it possible to confirm or modify the classification of the
batches in stock and also the progeny of the controlled batches. The NCCC establishes a control
protocol. In a seed multiplication program, post-control is a necessity, to:

» Check the quality of the batches multiplied against the standards in force;
» Guide the work of conservative selection in multiplication structures;

> Give direction to vegetation controllers

3.13 Seed machining

Machining consists of cleaning the seeds of all impurities they may contain, treating them
against diseases and insects and storing them in bags before marketing them, this is the
packaging of the seeds before they are marketed (Zaghouane et al., 2008; Kugbei, 2019).
The purpose of seed machining:
Clean seeds of other crops and weeds;
Improve the appearance of the seed;
Treating the seed with chemicals that protect it;

Maintain or improve seed germination;

a &M w0 P

Make available to the farmer a clean and disease-free seed, with a high germination
capacity, calibrated and treated with a fungicide and an insecticide;

6. Ensure seed is ready for seeding.
3.13.1  Machining steps

1. Receipt of raw seed lots;
Registration of received seed lots;
Pre-cleaning which consists of removing large impurities;
intermediate storage;
Basic cleaning which consists of removing the rest of the waste and impurities;
Sorting, which consists of homogenizing the size and size of the seeds;
Application of fungicide and insecticide treatments by coating seeds;

Bagging and labelling;

© © N o g Bk~ WD

Final storage and conservation

3.13.2 Factory sorting for perfect quality
With the help of specialized devices, sorting is carried out after harvesting in the factory,
with the aim of removing crop waste, diseased seeds, respecting the quality of seeds
(Zaghouane et al., 2008; Kugbei, 2019).
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3.13.3  The physical bases of packaging
The removal of impurities is done by segregation of the physical characteristics specific to
seeds and impurities. Ventilation machines are used to remove dust and light particles, coarse
or finer impurities are removed from mats suitable for seed dimensions (Zaghouane et al.,
2008; Kugbei, 2019).

3.14 The different stages of industrial machining
3.14.1  Receipt of batches
Seed machining begins at the time of arrival and receipt of seed batches harvested on the
multiplication plots, by sampling to determine the quality and characteristics of the batches to
be machined. Depending on the humidity level, the cleanliness of the batches and the size of
the grain, the technician adapts the settings of the machines (Zaghouane et al., 2008; Kugbei,
2019).

3.14.2  Seed cleaning
Zaghouane et al. (2008) as well as Kugbei (2019), noted that the Aims to seed cleaning are:
» Remove all impurities present in the seed lot;
» To calibrate the seeds;
> Protecting seeds from disease
For cleaning, five devices are used:
1. Pre-cleaner to remove coarse waste with a tar;
. Trimmer to remove beards;
Cleaner - grate separator to dispose of waste according to their size;

2
3
4. Honeycomb sorter to eliminate waste according to their shapes;
5. Calibrator to remove small and broken grains;

6

Densimetric table to remove the last seeds.

3.143  Seed treatment

Seed treatment aims to facilitate the emergence of healthy seedlings, ensure early plant
growth, prevent the spread of these diseases and minimize yield losses. Seed treatment is
important to protect against cryptogamic diseases, insect damage, bacteria and viruses. It is an
effective means of control against certain pathogens transmitted by seeds and soil. It ensures
the early protection of the crop from certain foliar diseases, not transmitted by the seed.
Biological, physical, chemical and technical products that ensure the protection of seeds. Two
yield parameters are ensured by the treatment; the number of ears per square meter and the
number of grains per ear (Zaghouane et al., 2008; Kugbei, 2019). The treatment allows:
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Protect the seed during storage;
Reduce or eliminate seed contamination by disease;

Protect healthy seeds from pathogens and other soil organisms;

vV V V V

Protect seedlings at the time of emergence against diseases and insects during the early
stages of growth where they are very sensitive to attacks by limiting the problems of

melting seedlings.

3.14.3.1 Treatment products
There are several types of products: powder, wettable powder and liquid. Seed coating with
these products is the most used method in cereals. These products must be registered. The
treatment products used are anticryptogamics, insecticides and repellents. The choice of these

products is made according to the type of pathogens (Zaghouane et al., 2008; Kugbei, 2019).

3.14.3.2 Treatment processes
The treatment routes are: dry route, wet route, coating, which is used according to the nature
of the phytosanitary product used. Dry and wet processing is used. Wet processing involves
spraying a fungicide or insecticide directly onto the seed. Coating is the most common
treatment, uses jets of treatment products on the seeds. Seed treatment dosing is provided by a
device, which must be well adjusted in order to avoid overdose that can lead to seed damage

and poor control of diseases and pests.

3.14.3.3  Precautions for the use of treatment products
> Use a product registered, approved and authorized for use on the crops concerned;
> Ensure that authorized personnel are qualified and well protected against the effects of
these products during handling;
> Take care to apply the required dose of product;

> State on the label that the consumption of these seeds is dangerous.

3.15 Bagging and labelling
3.15.1 Bagging
This is the bagging of the treated seed. Automation makes it possible to adjust the weight.
Filled bags are sewn and stored. After processing, the bags are packaged (bagged) either
manually or mechanically in new, clean bags (Zaghouane et al., 2008; Kugbei, 2019). Bagging

must meet several conditions, including:

1. Preservation quality such as climate, insects, rodents....etc;

2. Capacity adapted to farmers' needs;
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w

Inviolability;

4. Information, and explicit labelling;

5. The nature of the bagging bags must meet the temperature and humidity conditions
where the seeds are stored,;

6. The bagging products must keep the seeds at:

> 12% for cereals preserved for 6 to 9 months;

» 10% for cereals kept for 1 to 2 years;

> 810 9% for cereals stored beyond that.

Depending on the treatment of seeds, they can be stored in bulk, in batches, in large bags,

silos or crates.

3.15.2 L’étiquetage
According to Zaghouane et al. (2008), each labeled bag must have a label on the inside and
outside, with the following indications:

\4

National Center for Control and Certification of Seeds and Plants (NCCC);
Species

Variety

Category

Batch number

declared net or gross weight,

Harvest year

Date of official closing,

vV V V V V V VYV

Plant-health treatment

\4

It is mandatory to put the mention: treated product - prohibited for consumption.

3.15.3  Storage and preservation
Storage is an operation that ensures the preservation of seed quality. The success of storage
is related to the means and techniques of preservation and storage. Storage aims to reduce losses
in seed viability and vigor (Zaghouane et al., 2008; Kugbei, 2019). There are three types of

seed storage:

1. Seed storage from harvest until the next sowing, short-term: 6 to 8 months;
2. Storage of surplus crops, in the medium term: usually from 12 to 14 months;
3. Storage of germplasm, seed improvement samples for laboratory testing, long-term:

from 5 to 20 years.
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The storage operation starts in the field, depends on abiotic factors, including humidity and

temperature. A number of factors influence seed storage viability and potential:

1. The conditions of the environment, at the time of the maturation of the seed:;

2. Conditions for harvesting and threshing seeds;

3. The quality of the seeds to be stored.

3.15.3.1

The length of the storage period:

A long period of seed storage can affect the vigor of the seed and lead to a loss of viability.

Zaghouane et al. (2008) and Kugbei (2019), have determined several factors determine the

length of the storage period such as:

>
>
>
>

3.15.3.2

The species and variety of the species;
Seed moisture content
Initial viability of the seed;

Temperature and humidity during storage.

Storage conditions

According to Zaghouane et al. (2008) and Kugbei (2019), the storage conditions are :

>
>

vV V V V \4

\4

Seeds must be stored at the lowest possible temperature;
In the case of a one-year storage, the moisture content of the seeds must remain

below 12% in order to preserve the quality of the seeds;

In a storage period of up to 11 months, the temperature, ambient humidity and

grain conditions must be less than 15°C, 55% and 12%, respectively;

In the case of storage of seeds for a period of 2 to 3 years, refrigeration is essential
to ensure temperatures consistent with this type of storage;
In the case of a hot summer climate, insulation of the walls and roof is desirable;
Wet storage is not recommended,;
Seed lots must be isolated separately, they must be isolated,;
Phytosanitary treatments by fumigation are carried out periodically, every week or
fortnight, to keep them in a very good state of health;
Regarding the water content, it is important to know that:

v" 8- 9%: insects become active and proliferate;

v' 10 - 12%: storage without aeration is risky;

v' 12 — 14%: fungi can start to grow on the surface and inside the seeds;

v' 18 — 20%: overheating may occur;
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\4

3.15.3.3

vV V

>

v' 40 - 60%: germination takes place.
Use techniques to preserve seed quality, including ventilation and drying. Drying
allows:
v Slowing down the metabolism of seeds;
v" Reduces the proliferation and metabolism of microorganisms.
Ventilation allows:
v Avoid overheating of grains;
v" Cool the seeds in stages;
v" Maintain the moisture of the seeds in good condition.
Cold storage in refrigerated stores, at a temperature below 10°C, can be used.
Three factors influence seed viability:
v" The moisture content of the grain before storage: a moisture content of
less than 1%, ensures the longevity of duplicate seeds;
v' The temperature of the seed and the storage room: in the case of a
temperature below 5°C, the longevity of the seeds is doubled;

v" The presence of insects and the level of population

Adequate storage conditions guarantee

The lowest possible temperatures and the most suitable humidity levels;
Watertight, clean and well-ventilated storage rooms;

The use of pallets 20 cm apart from each other, and 50 cm from the warehouse
wall;

The application of phytosanitary treatments against pests by powdering or
fumigation;

Regular control of stored seeds.

In order to determine: the physical purity, viability, germination rate and moisture content

of the seeds of the treated and stored batches, tests must be carried out periodically until the

batch is disposed of.

Three factors influence seed viability:

» The moisture content of the grain before storage: a moisture content of less than 1%,

ensures the longevity of duplicate seeds;

» The temperature of the seed and the storage room: in the case of a temperature below

5°C, the longevity of the seeds is doubled,

> The presence of insects and the level of population
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3.15.34 The technical conditions and precautions to be taken for the storage of seeds
The conditions to ensure the best seed storage conditions were determined by Zaghouane
et al. (2008) as well as Kugbei (2019).

» Place the harvested seeds in new insecticide-treated bags before use;

\4

Check that the water content of the seeds is adequate before storage;

\4

Store the seeds in cool, dry premises and properly distribute the seed bags to allow
good aeration;

Avoid storing seeds in airtight bags;

Use wooden pallets to stack seed bags to avoid contact with the ground;

Smoke storage rooms periodically and spray seed bags with insecticides;

vV V V V¥V

Stack and divide each batch of seeds separately from the other batches, each batch is
identified by a sheet containing the necessary information;

» Test stored seed lots for moisture, germination, and vigor.

3.15.35 The storage means
According to Zaghouane et al. (2008) and Kugbei (2019), the storage means are:

3.15.35.1 Bags stacked on pallets
The pallets are arranged parallel to each other, so as to ensure a continuous flow of air under
and between the stacks. The seed bags are raised 10 cm from the ground. The stacks of the bags
must remain accessible, in order to facilitate the fact of controls, treatments and fumigations.

The identification of batteries is mandatory by information sheets.

3.15.3.5.2 Big bags
Bags with a capacity of 10 to 15 quintals.

3.15.3.5.3 Storage cells
They must be smooth-walled and equipped with gravity drain cones to prevent product
retention.
3.15.3.5.4 Small capacity cells (boxes) or containers of different sizes
They are light, require little investment, can be transported near the collection sites during the

harvest period, the storage time in these cells should not be very long.

3.15.35.5 Silos
They are of several types; light metal, airtight and reinforced concrete. They are of different

capacities.
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3.15.3.6 Storage problems
Zaghouane et al. (2008) and Kugbei (2019), noted that the main causes of storage problems
are:
> Lots of poor quality seeds stored;
> Poorly dried seeds, with a moisture content of more than 15%, introduced in bulk into

warehouses or silos without good aeration;

\4

Seeds stored for a long time;

\4

Seeds stored in premises unsuitable for storage;
> In the event of misuse or toxicity of seed treatment fungicides, seed germination may

be affected, which is why fungicides should only be applied prior to sowing.

3.15.3.7 Security stocks
The technical regulations for seed production make it compulsory for producer establishments
to build up and maintain safety stocks, in order to guarantee the renewal of seeds in the event

of a deficit year (Zaghouane et al., 2008).
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Appendices

Appendices I. Hands-on activity worksheets: Grafting Techniques

Introduction
Grafting is a vegetative propagation technique that consists in joining two parts of different
plants, the scion and the rootstock, to obtain a single plant combining the characteristics of
both. This technique is widely used in horticulture and arboriculture to create new varieties,
improve resistance to diseases and pests, and control plant vigor.
Objectives

e The objectives of this Hands-on activity worksheets are to:

¢ Discover the different grafting techniques

e Master the key steps of each technique

e Learn to choose the appropriate scion and rootstock

e Perform successful grafts

Material

e Grafting knife (sharp knife)

e Grafting tape

e Mask and gloves

e Pruning shears

e Water

e Labels

o Different types of scions and rootstocks (depending on the chosen techniques)

Procedure

1. Choice of scions and rootstocks

The scion must come from a healthy and vigorous plant.

The rootstock must be adapted to the scion in terms of compatibility and vigor.

The diameter of the scion must be slightly smaller than that of the rootstock.
2. Preparation of scions and rootstocks

Cut the scion and rootstock clean on a bevel.

Make a slit or incision on the rootstock to accommodate the scion.
3. Grafting
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« Insert the scion into the slit or incision on the rootstock.

« Hold the scion in place with grafting tape.

4. Aftercare

e Water the grafted plant abundantly.

o Place the grafted plant in a warm, humid location.

¢ Monitor the graft regularly and remove the grafting tape when the union is complete.

Grafting Techniques
There are many grafting techniques, each with its own advantages and disadvantages.
The most common techniques include:

e Shield budding: This technique is simple to perform and suitable for a wide range of
plants.

o Cleft grafting: This technique is stronger than shield budding and is suitable for trees
and shrubs.
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e Whip and tongue grafting: This technique is used to graft plants that have similar

diameters.

|- Whip & Tongue

natural compression

Splice Graft LS dueto wood elasticity
no 4—
compression \

< Copyright LH Bailey
Hortorium, 1976

Bark grafting: This technique is used to graft plants that have different bark thicknesses.

TOCK PREPARING THE SCION
PR;ARNG THEROOTSTOS INSERTING THE SCIONS INTO THE ROQTSTOCK
A vertical cut 25 to 5¢cm The scion is cut as shown below, a long cut with a
\ (1102 in.) long is made shoulder on one side, and a shorter cut on the
\ lhrough the bark to the opposite side.

Front view

The bark on both sides Side view

of the cut is slightly Back view

separaled from the (This side is placed
next to the wood of
the rootstock.)

Conclusion
Grafting is a fascinating and useful horticultural technique that allows you to create new
varieties of plants and improve the health and vigor of plants. By mastering the different
grafting techniques, you will be able to multiply your favorite plants and create a unique and
diverse garden.
Notes

e Itis important to choose scions and rootstocks that are compatible with each other.

e Grafting tools must be sharp and disinfected to prevent infection.
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e Grafts should be performed under optimal hygienic conditions.
e The success of a graft depends on many factors, such as the technique used, the

compatibility of the scions and rootstocks, the growing conditions, and aftercare.
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Appendices I1. Hands-on activity worksheets: Cutting Techniques

Introduction

Cutting is a vegetative propagation technique that involves rooting a piece of a plant to

create a new plant. This technique is widely used to propagate a wide variety of plants,

including houseplants, shrubs, and trees. Cutting is a relatively simple and inexpensive

technique that can be successful with a wide variety of plants.

Objectives

The objectives of this TP are to:

Understand the principles of cutting
Learn the different cutting techniques
Practice taking cuttings from a variety of plants

Successfully root cuttings and transplant them to new pots

Material

Sharp knife or pruning shears
Rooting hormone (optional)
Water

Pots with potting mix

Procedure

1.

4.

Select a parent plant and suitable stems

Choose a healthy parent plant that is actively growing.

Select stems that are at least 4-6 inches long and have several nodes.
The stems should be firm and not too woody.

Avoid taking cuttings from flowering or diseased stems.

Prepare the cuttings

Make a clean cut just below a node on the stem.

The cut should be at a 45-degree angle.

Remove any leaves from the bottom half of the cutting.

Apply rooting hormone (optional)

Dip the cut end of the cutting in rooting hormone.

Root the cuttings

There are many different ways to root cuttings. Here are two common methods:

Water rooting: Fill a jar or vase with water and place the cuttings in the water. Make sure

that the nodes are submerged in the water. Change the water every few days.
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Soil rooting: Fill a pot with potting mix and make a hole in the center. Insert the cutting

into the hole and firm the potting mix around the base of the cutting. Water the cutting

thoroughly.

5.

Maintain the cuttings

Keep the cuttings in a warm, humid location.

Mist the cuttings regularly to keep them moist.

Check the cuttings every few weeks to make sure that they are rooting.

Transplant the rooted cuttings

Once the cuttings have developed a good root system, you can transplant them to new
pots.

Fill a pot with potting mix and make a hole in the center.

Gently remove the cutting from its current pot and place it in the hole in the new pot.
Firm the potting mix around the base of the plant.

Water the plant thoroughly.

Conclusion

Cutting is a versatile and rewarding propagation technique that can be used to propagate a

wide variety of plants. With a little practice, you can be successful in rooting cuttings from

many of your favorite plants.

Notes

The success of cutting depends on a number of factors, including the type of plant, the
time of year, and the humidity levels.

Some plants root more easily from cuttings than others.

Cutting can be a slow process, and it may take several weeks or even months for the
cuttings to root sufficiently.

Be patient and do not give up if the roots do not appear immediately.
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Appendices I11. Hands-on activity worksheets: Seed Lot Analysis Procedures for
Cereals
Introduction
Seed lot analysis is a crucial step in ensuring the quality and viability of cereal seeds before
planting. It involves a series of tests and evaluations to assess the physical, genetic, and health
attributes of the seed lot. This datasheet outlines the key procedures involved in seed lot analysis
for cereals.
Objectives
The objectives of this Hands-on activity worksheets are to:
1. Understand the importance of seed lot analysis
2. Familiarize with the different seed lot analysis procedures
3. Practice conducting seed lot analysis on cereal seeds
4. Interpret the results of seed lot analysis and make informed decisions regarding seed
quality
Material
o Seed samples from different cereal varieties
o Seed testing equipment (e.g., seed counter, germination chamber, vigor tester, seed
health testing kit)
o Data recording sheets
« Calculators
Practical sessions procedure
1. Physical Analysis
a. Purity Analysis:
e Determine the percentage of pure seeds in the sample using a seed counter.
e Remove and identify impurities, such as inert matter, weed seeds, and
diseased seeds.
b. Moisture Content:
e Measure the moisture content of the seeds using a moisture meter.
e Optimal moisture content for cereal seeds typically ranges from 12% to 14%.
c. Seed Size and Weight:
e Evaluate the uniformity of seed size and weight using appropriate measuring

tools.
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e Larger and heavier seeds generally have higher vigor and germination
potential.
2. Germination Test
a. Establish Germination Conditions:
e Set up a germination chamber or use a suitable incubator.
e Maintain optimal temperature, humidity, and light conditions for the specific
cereal crop.
b. Prepare Seed Samples:
e Pre-treat the seeds if necessary (e.g., soaking or scarification) to enhance
germination.
e Sow the seeds in germination trays or petri dishes filled with a suitable
germination medium.
c. Monitor Germination:
e Regularly observe the seeds for signs of germination, such as radicle emergence.
e Record the germination percentage at regular intervals until the test is complete.
3. Vigor Test
a. Select Vigor Test Method:
e Choose an appropriate vigor test based on the specific cereal crop and
available equipment.
e Common vigor tests include cold test, accelerated aging test, and seedling
vigor test.
b. Conduct Vigor Test:
e Follow the specific procedures for the chosen vigor test method.
e Evaluate seedling growth, root development, and overall vigor of the seeds.
4. Seed Health Analysis
a. Visual Inspection:
e Inspect the seeds for any visible signs of disease, such as discoloration, spots,
or lesions.
o Discard any seeds with obvious signs of infection.
b. Pathogen Testing:
e Conduct laboratory tests to identify the presence of seed-borne pathogens using
appropriate methods (e.g., blotter test, ELISA test).

e Treat the seed lot if pathogens are detected beyond acceptable levels.
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Conclusion
Seed lot analysis provides valuable information about the quality and viability of cereal seeds,
enabling informed decisions regarding seed selection, sowing rates, and potential seed
treatments. By conducting thorough seed lot analysis, farmers and seed producers can ensure
the establishment of healthy, vigorous crops and maximize crop yields.
Notes
o Seed lot analysis procedures may vary depending on the specific cereal crop,
regulations, and available equipment.
e It is essential to follow standardized protocols and maintain consistent conditions
throughout the testing process to ensure reliable results.
o Seed lot analysis should be conducted by trained personnel with expertise in seed

science and testing methodologies.



