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Foreword

Seed specialists, governments, donors, development agencies, politicians, churches and
NGO's in general, have realized that seeds are the single most important input in all plant
based agricultural systems and development because they determine parameters for yield
as well as the productivity of other inputs.

However, despite the importance of seed as a precursor for growth and development in
crop based agriculture, access and availability of quality seed continues to be a problem in
many countries of the Sub Saharan Africa. Small scale farmers continue to experience chronic
difficulties in accessing seed of improved varieties from the formal sector, due to lack of
resources and inaccessible product markets, and lack of options and information with re-
gard to seed, varieties and crops. This situation inevitably compels farmers to rely on recy-
cled seed whose productive potential has been exhausted over the years resulting in lower
yields and continued food insecurity at house hold and national levels.

Seed companies on the other hand do not generally have a commercial interest in many of
the crops grown by small farmers. Diminished profit margins as a result of higher transac-
tion costs are among the factors limiting seed companies from participating in these areas.
Consequently, there is lack of an effective seed delivery system in many rural areas that
better suit the seed needs of small scale farmers and has contributed in part to seed insecu-
rity of the majority of rural farmers in Africa

Today, many countries are seeking alternative ways of making seed available, particularly to
the majority of small farmers through the informal seed sector and one way has been through
the promotion of community based seed production and entrepreneurship in which seed is
produced within communities and sold there in and beyond.

The GTZ/SADC supported Small Scale Seed Production Project (SSSP) played a major role
in this endeavor in the 10 years of its operation in Southern Africa and has in the process
assisted many countries to achieve their objectives in this regard.

Experiences by SSSP point to the fact that promotion of community based seed production
and entrepreneurship requires that the farmers involved are adequately trained and have a
good understanding of the intricacies of the seed industry. This task lies with the individuals
and institutions involved in seed extension and training . Seed farmers will rely on a cadre of
these individuals and institutions for their training needs in seeds.

Unfortunately training in seeds in many countries of the SADC region is not easily attainable.
The universities and colleges curricula have little bias in seeds, which has to a certain extent
not better prepared trainers to impart seed knowledge in general.
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This manual is designed to fill this gap and to be a practical guide for use by extension agents,
NGOs, Seed companies, institutions of higher learning and others involved in seed work at
various levels. We have endeavored to introduce how to use the manual which readers will
find useful as a tool for planning and executing a seed multiplication program. A useful guide
to the reader are the time spread sheets that lead through the growing season with possi-
bilities to be directed to sources of information when needed and the excel spreadsheet as
a comprehensive planner for follow ups and costing of the program.

We are hopeful that this manual will become a useful tool in the contribution to the fight in
combating seed insecurity at farmer level.

Edward Dalitso Zulu
Coordinator SADC Seed Security Network
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Chapter |

I Background to the Manual

Small scale seed production is not a new concept. It has always been practised by small scale
farmers, although in a less organized and structured manner than that of the formal seed
production sector. Nevertheless, small scale seed production has not received sufficient
policy attention from governments as compared to the formal seed production sector, which
Is dominated by seed companies. In the past, there was a general feeling among both policy
makers and consumers that small scale seed production was only for on-farm consumption
or farmer-to-farmer seed exchange. This lack of appreciation of local or informal seed pro-
duction systems was one of the major causes for poor rates of technology transfer and
adoption among small peasant farmers in developing countries. However, attention has
recently been shifted to small scale seed production systems as an alternative and possible
vehicle for technology transfer to the general farming public. It has now been recognized by
most policy makers that the informal seed sector is an important part of the seed industry.
It can complement the formal private sector driven seed industry for the provision of good
quality seed for agricultural development and poverty alleviation among poor peasant farm-
ers. This manual is one such contribution to the development of the informal seed sector in
the Southern African Development Community region (SADC), which is vital for the growth
of agriculture in the sub-region.

The Training Manual on Small Scale Seed Production is meant to be used by the individual
farmer or farmer group, the intermediary or extension worker, as well as the trainer or
trainers to train, elaborate and execute Small Scale Seed Production.

The Objective of the Manual is: Adequate Seed Supply Systems with a focus on small
scale seed production are clearly described and easy to implement by farmers and farmers’
groups.
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Chapter Il

I How to Use the Manual

This manual has been designed as a seed production training manual with special emphasis
on Small Scale Seed Production. It is intended to give practical “hands on” training in seed
production. The manual is organized in such a way that Chapter Il covers basic theoretical
principles of seed production. This provides target user groups with the necessary ground-
ing in a theoretical framework of seed technology. The information is both for trainers and
farmers.

Chapter IV introduces the seed grower to the practical application of the principles intro-
duced in Chapter Ill. However, Chapters IV — XI emphasise different aspects of the training
process, depending on who is being trained and in what project implementation year the
training is being conducted. Over the course of the training process, the principles of seed
production are repeated so that the target group always has the knowledge “at their finger
tips”. This will ensure sustainability of informal seed programs. In this context it is strongly
recommended to refer back to the publication “The Small Scale Seed Production Training
Program”. The programs Module 8 is developed as a planning tool for seed production and
guides through the planning process including costing (CD-rom Spreadsheet) of the pro-
gram.

Chapter X discusses the requirements for the commercialisation of the small scale seed
sector, while Chapter Xl discusses seed marketing.

It is then indicated which user group each chapter has been mainly designed for, as follows:

To be worked on by extension worker/intermediary

To be worked on by extension worker/intermediary and farmer

i

To be worked on by farmer

\
\

Relevant for training of trainers

=
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Chapter [l

Il Introduction to the Basic Theoretical
Principles of Food Production

lIl.L1 Background to Breeding Food Crops

Food crops are the main source of human nutrition. The yield and quality characteristics of
food crops have a direct effect on national and household food security. The farmer is
compensated for his investment in the production of improved varieties of food crops through
sale and consumption. Improved varieties are developed through plant breeding. The suc-
cess of these high yielding varieties, however, depends on good crop husbandry practices.

11.L1.1 What is Plant Breeding?

Plant breeding is the art and science of changing and improving the heredity of plants. It
involves a process of modification of various plant characteristics through identification and
selection. The process can be carried out by trained plant breeders. However, farmers too
have always been involved in crop improvement through their efforts to select plant types
that are desirable for their purposes.

Successful crop improvement depends on the presence of genetic variation within a crop
species. Where variation does not exist, modern plant breeders create it by making crosses
among different genotypes and selection in segregating generations. The art of crop im-
provement lies in the ability of the breeder to observe differences of economic value in
plants. Farmer breeders, however, rely largely on existing variations within their crops to
create varieties for specific needs and purposes. African farmers, although practising tradi-
tional forms of agriculture, have developed varieties over the years that are adapted to their
environment, including resistance to certain pests and diseases. Farmers have also main-
tained their traditional varieties through selection during and after active growth. Some of
these farmer-selected varieties have been a valuable source for germplasm in scientific plant
breeding.

11.L1.2 Reproduction in Food Crops

The breeding procedures applied in the development of new varieties are determined by
the mode of reproduction. The reproduction in food crops may be by seeds (sexual) or by
vegetative parts (asexual). Sexual reproduction occurs when male and female gametes fuse
to form an embryo, which eventually develops into a seed. In asexual reproduction, plants
develop from vegetative organs such as tubers as in the Irish potato, or runners as in the
sweet potato. Some crops, such as cassava, are propagated through stem cuttings. How-
ever, most food crops are reproduced through sexual means.
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[11.1.3 Pollination and Fertilization

Sexually reproducing crops have male and female organs. These organs are contained in a
flower. A flower is a simple structure made of four major floral organs: sepals, petals, sta-
mens (male) and pistil (female flower). The pistil bears the female organ (stigma) while the
stamen bears the male organ (anther). The anthers produce pollen, which is transmitted to
the stigma. When the pollen lands on the stigma, it grows through the style and fuses with
the ovum in the ovule. The fusion develops into a seed.

The process of pollen transfer onto the stigma is called pollination while the fusion of the
pollen gamete and the ovum of the ovule, is called fertilization.

The male and female organs are not always in the same flower. In some crops, such as
maize, the male and female organs occur in different positions on the same plant. In other
crops, the organs are on different plants, such as in Papaya. The female organs of such plants
receive pollen from different plants of the same species. Such plants are cross-pollinated.
This also occurs in maize where the female organ (silk) receives pollen from various sources
including the mother plant. Such crops are characterized by a high level of variability.

Some crops are strictly self-pollinated. In such

&
Hanging -

anthers % 0

by 1 x!.."f{ flower
w % dF (tassel)

Male

I1]-2

crops both male and female organs are in the
same flower. In self-pollinated crops such as
groundnuts, the female organ will only receive
pollen from the male organ within the same
flower. Other crops have 3-25 % cross-polli-
nation and are called semi self-pollinated. Self-
pollinated crops such as wheat, groundnuts and
soybeans have limited variation. Variation usu-
ally has to be created through crossing with
other genotypes of the same species and varia-
tion expressed during segregation in the early
generations or through induced mutations.

Figure1:  Maize plant showing the male and female part of
the plant’s flower structure. The male part or
tassel contains pollen while the female part has
the silks which receive the pollen.
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Figures 2a & 2b: Groundnut inflorescence with flower in leaf axle (2a), and longitudinal schematic drawing of the flower
(2b), showing the anthers and stigma in the same flower.
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[11.1.4 Variation and Plant Breeding

Plants differ in many ways. They show variation in traits, such as maturity, height, seed coat
colour, endosperm colour, presence of pigments, disease resistance, etc. There are, how-
ever, two kinds of variations: environmental and hereditary. Environmental variation occurs
when plants of the same genetic make-up are grown in different environments. Such envi-
ronments may occur in the same field, due to fertility gradients or soil type. These cause
differences in growth, which may be mistaken for heritable genetic variation. Environmental
variation is non-heritable and cannot lead to crop improvement.

Hereditary variation is a result of plants possessing characteristics of different genetic origin.
Genetic variation is heritable and can be carried over from generation to generation. How-
ever, environmental and hereditary variations are not entirely independent of one another.
There is usually an interaction between genetic and environmental variation. Breeding de-
velops varieties through selection, involving a process of sifting through each genetic varia-
tion to select plants with the best combination of desirable characteristics, such as high yield,
disease and pest resistance, good quality, etc.

1.1.5 What is a Plant Variety?

A plant variety is an assemblage of plants with similar genotypes that may be identified among
other varieties within the same species, by its structural features and performance. It is an
agronomic unit familiar to breeders and farmers alike. New varieties are developed and
tested by breeders and farmers. Hence, farmers choose the varieties appropriate for their
farming systems from those varieties available.

[11.L1.6 Variety Development and the Seed Industry

The majority of SADC countries have an integrated seed industry, which includes both for-
mal and informal seed sectors.

The formal sector has well organized and structured systems of crop improvement, seed
production, distribution and marketing, involving private seed companies, research and quality
control.

The informal sector is characterized by localized seed production of local varieties or land
races and recycled improved varieties. This involves the growing of a crop, part of which is
saved for own use. As farmers select and save grains, tubers or roots from plants with the
highest yields and resistance to pests and disease, they engage unconsciously in some form
of crop improvement. Through these farmer selection activities, local land races can be
modified and new varieties developed.

Small scale farmers can benefit from strong linkages with the formal seed supply system
through Participatory Variety Breeding (PVB) and Variety Selection (PVS), which may build
their capacity in the application of scientific plant breeding techniques.
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l11.1.7 Conventional Plant Breeding Methods

The mode of reproduction determines the breeding method to be used in modern crop
improvement. A thorough knowledge of the reproductive process is needed, that is, whether
sexual, asexual or a combination of the two and the nature of pollination, whether self- or
cross-pollinated. Table 1 gives a list of commonly grown crops in the SADC and their mode

of reproduction.

Table 1: Some Important Crops Grown in the SADC Region

Mode of Reproduction

Crop
Self- Semi Cross- Cross- Vegetativel
Pollinated Pollinated Pollinated Propagateg
Maize X
Sunflower X
Sorghum X
Wheat X
Rice X
Pearl Millet X
Finger Millet X
Sweet Potatoes X
Cassava X
Beans X
Cow peas X
Bambara nuts X
Groundnuts X

1.1.7.1 Self-Pollinated Crops

The principal ways in which new varieties of self-pollinated food crops are developed are as

follows:

Introduction

Selection from land races

Hybridization and selection from the segregating generations
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111.1.7.1.1 Introduction

Introduction as a breeding method involves the process of taking food crop varieties grown
in one environment to a different environment. The varieties are initially included in a yield
trial if adequate seed is available. During the trial, the introductions are evaluated for their
yield, disease and pest resistance and other important agronomic characteristics. After sev-
eral multi-location trails which should include local check varieties, the best performing in-
troductions may be released as varieties and recommended to farmers for production.

I11.1.7.1.2 Selection from Land Races — Mass Selection

The variety can be selected for uniformity by applying a mass selection method, where a
morphologically heterogeneous variety or land race is available. All undesirable genotypes
should be eliminated. This is done either by rouging off types in the field as the variety
grows, or by selecting desirable types as they grow, bulking and harvesting them at maturity.
This is what is termed “mass selection”. Phenotypic characteristics such as plant height, ear
characteristics, seed size, as well as phenological characteristics such as days to maturity, are
used as selection criteria: the seed of selected plants is bulked to maintain the purity of the
existing varieties or to generate a new variety.

° ° e ° ° ° ° °® Space planted for individual
plant selection.
[ J (. ® (. ® [ o r.
[ ] [ ] (0 [ ] .\ 0\ [ ] .\
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
I | I | | | | Selection among lines.
¥ o | ¥ ¥ 1
| | | | | | |
Replicated yield evaluation
with check variety.
Further tests Replicated over
locations and years. Seed
increase and variety release.
Figure 3: Pure Line Selection Method
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111.1.7.1.3 Selection from Land Races — Pure Line Selection

A pure line selection method can be used, if the objective is to exploit the existing variation
in a variety or land race to develop other varieties. The general procedure of the pure line
selection method is to plant a heterogeneous variety. Single plant selections are then made
from it, based on the breeder’s objectives. Seed from each plant is planted ear-to-row for
comparative evaluation among the selected lines. The selected lines are harvested and seed
from each line is bulked. Further evaluation of the lines could lead to selection of lines that
can be released as varieties. A variety developed through this method will be uniform as far
as physical characteristics are concerned. Farmers may observe off-types in their fields and
develop a variety through this method. Figure 3 presents diagrammatically the pure line
selection method in self-pollinated crops.

[11.1.7.1.4 Hybridization Selection from Segregating Generations

The need to combine desirable characteristics from other varieties into one variety is the
norm in plant breeding. In hybridization, as many as two, three or four varieties may be
cross-pollinated. The purpose of crossing is to create variation that could lead to the re-
combination of desirable traits from the parental varieties used in the crosses. The choice of
parents for cross-pollinating is based on the breeding objective. The varieties used in crosses
are usually well adapted with high yields, disease and pest resistance, and other unique char-
acteristics.

There are several methods used in handling the segregating progenies resulting from hy-
bridization. Some of the selection methods are as follows:

Pedigree selection
Bulk population

Single seed descent

[11.1.7.1.5 Pedigree Selection

Pedigree selection provides a record of the line of descent of all the lines in each generation.
Pedigree selection begins in the F, generation, when there are maximum genetic variations
from segregation. Single plants are selected on the basis of qualitative characteristics such as
disease resistance, plant height, earliness, flower colour, etc. Single plant selection is done
on the progenies of each selected plant in succeeding generations until the F, generation,
when selection switches to selection of desirable families (Figure 4). This method has been
widely used in the breeding of wheat and other small grain cereals.

[11.1.7.1.6 Bulk Population Method

The method of handling segregating generations using the bulk population method involves
the growing and harvesting as bulks of early generations (Figure 5). With this method, selec-
tion is delayed until later generations, usually the F_ or F; during which single plant selections
are done. The progenies of the single plant selections form lines for reselection among lines
in succeeding generations.
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I1.1.7.1.7 Single Seed Descent

The single seed descent method involves planting the segregating F, generation and select-
ing one single seed per plant. The single seed selections are then planted and only one seed
per plant is selected in succeeding segregating generations until F, when the bulk seed from
each plant is planted in individual rows for further evaluation and selection among lines (Fig-
ure 6). The single seed descent method has been used in small grain cereals such as wheat

and barley. It has also been widely used in soybean breeding.

Space planted to ensure increase for F,
Fl Check to assure crossing
e o e o F,selections determined by the
F, e o o number of lines to be tested in the F,
e o o e number homozygous line. Select only
e o e e one seed for plant.
F e o o e Select single seed from each pant to be
3 e e o . used for next generation.
F e e s . Select single seed from each pant to be
4 e o o e used for next generation.
F ¢ e Individual pants selected on basis of
5 e qualitative traits for progeny row
A evaluationin F,.
Replicated yield evaluation.
F6
F Multilocation trials
7
F,- F,, Further tests. Replicated over locations and years.
Seed increase and variety release
Figure 6: Single Seed Descent
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l1.1.7.2 Cross-pollinated Crops

A cross-pollinated crop can be considered as constituting a reproductive community of
sexual and cross-fertilising organisms which share a common gene pool. The gene pools
constitute broad groupings as determined by gene frequencies of traits by colour, maturity,
climatic adaptation, nutritional characteristics or other characteristics of special interest to
the breeder. This out-crossing nature requires cross-pollinated varieties to be isolated from
a variety of the same species, to maintain equilibrium of gene frequencies within each het-
erozygous population. Open Pollinated Varieties (OPVs) of cross-pollinated crops tend to
be more heterogeneous than those of self-pollinated crops.

The principal methods for variety development in cross-pollinated food crops constitute
three stages:

Introduction
Population improvement to develop open pollinated varieties
Development of hybrid varieties

Only the first two methods will be discussed in this manual. Hybrids are best discussed with
regards to the formal seed sector.

111.1.7.2.1 Introduction

The introduction and selection processes are the same as in self-pollinated food crops.
Many good varieties from international agriculture research centres, such as CIMMYT have
been introduced to the SADC region. The varieties are highly adaptive to different environ-
mental conditions and meet the small scale farming communities’ demands.

[11.1.7.2.2 Population Improvement — Mass Selection

The mass selection breeding method is as discussed under self-pollinated crops. Plants ex-
hibiting desirable characters are selected from the breeding stock of a cross-pollinated crop
and at harvest their seed is bulked to constitute the next source population for selection
(Figure 7). After several cycles of selection, the reconstituted population should be superior
to the original population. This is because the process of selection and bulking of the seed to
reconstitute an open pollinated population, increases the frequency of desirable genes and
hence, desirable genotypes. Mass selection, however, has only been effective in selection of
simply inherited traits. In the case of mass selection, when selection is made after pollination
has taken place in the plant population, both superior and inferior plants provide pollen for
the next generation. Furthermore, the effect of soil heterogeneity also introduces ineffi-
ciencies in selecting visually for quantitative traits based on an individual plant.

An improvement on mass selection is what is known as stratified mass or grid selection,
which was proposed by Charles Gardner in 1961. With this method, the field in which the
source population is planted is marked into grids or strata. One or two plants that outper-
form other plants within the grid are selected. In this way, seed is selected from plants
distributed equally over the field. This method reduces the risk that differences in field con-
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ditions (soil fertility gradients or irrigation) would result in the selection of plants from only
one side of the field. It has been reported that stratified mass selection improves the effi-
ciency of mass selection (Gardner 1961). The improved population can be released as an
open pollinated variety. Figures 7 and 8 represent the mass selection methods.

© O O O

O O O O O O O

Figure 7: Positive mass selection. Seeds from the best plants only are selected and used for next season’s planting
(Almekinders & Louwaars 1999).
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Figure 8: Stratified mass selection or grid selection. Seed is selected from plants distributed equally over the field
(Almekinders & Louwaars 1999).
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[11.1.7.2.3 Population Improvement — Recurrent Selection

This is a powerful method for population improvement. It is a good method for improving
the population in both qualitative and quantitative traits, due to the Progeny Test Compo-
nent of this cyclic selection process.

In this system of population improvement, anumber of plants with desirable characteristics are selected
from the source population. These plants are selfed and part of the pollen is used to cross to a hetero-
zygous testor variety. Yield evaluations in a progeny test are obtained from crosses of selected plants to
atestor. The progeny test is conducted in the following year, during which time the selfed seed is stored
until evaluations for yield have been made (Figure 9). The progeny yield test will indicate which selfed
seed should be bulked and planted, in order to obtain all possible crossingamong the selected plants that
will constitute the next source population and start the cycle all over again. Recurrent selection has been
widely used in maize and sunflower breeding. It has also been widely used in cassava breeding with
cassava cultivars that flower and produce seed.

In cassava breeding, however, the method is modified. Cassava suffers from severe inbreed-
ing depression such that selfed seeds produce very weak seedlings with a poor field survival
rate. In cassava, the recurrent selection method involves continuous crossing of desirable
genotypes to other cassava lines with desirable traits. This leads to continuous improve-
ment of cassava cultivars through concentration of desirable traits in selected clones.

[11.1.8 Participatory Variety Breeding

Small scale farmers do engage in crop improvement of some sort as they maintain their
local varieties. There is a great need for strong linkages to be formed between formal and
informal seed supply systems, in order to involve small farmers in the plant breeding activi-
ties of the formal seed sector. The engagement of small farmers in plant breeding would
build upon their capacity for crop improvement, as they interact and learn from trained
plant breeders. This knowledge would enable them to improve local varieties and thereby
household food security.

11.L1.9 Variety Assessment of Value for Cultivation and Use

A number of criteria are used to compare different varieties, when selecting a crop variety
for cultivation and use. These include yield, pest and disease resistance, length of the grow-
ing season, taste and colour. The inputs required to maximize production may also be used
as criteria for variety selection at the smallholder farmers’ level, where resources are lim-
ited. For example, varieties may be selected on the basis of efficiency of soil nutrient utiliza-
tion, such as yield under low nitrogen conditions.

[1.1.9.1 Yield Stability

A good variety gives consistent yields every season. Such a variety enhances the chances of
predictable yields. Testing a variety for yield stability involves establishing performance ob-
servation trials across a number of locations over a period of time. This will also involve data
collection and analysis, checking if the performance of the particular variety is consistent and
better than established ones. Such data is sometimes required for a variety to be released
officially for production. The procedures are as follows:
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Identify locations representing agro-ecological conditions across the country, etc.
Plant selected varieties in 3 to 4 sites in each agro-ecological zone.
Take records of all characteristics during crop growth and post harvest.

Compare yields of the trials within each agro-ecological zone. This allows assessment
of yield differences across agro-ecological zones, as well as yield variability within a
particular zone.

Comparison of yields across agro-ecological zones allows identification of suitable
areas for specific varieties. It is also demonstrates the agro-ecological stability of the
variety.

Repeat trials over at least 2 seasons to test the effect of sites and years on variety
performance as a measure of stability.

Compare yields across seasons.
Consistent yields demonstrate good yield stability across agro-climates and time.

[1.1.9.2 Palatability

The rate of adoption of a variety is determined by the palatability of its produce. Varieties
should be acceptable to consumers. Community-based variety selection or development
programs allow farmers to test new varieties for grain texture, palatability and taste. Under
conventional breeding and variety testing programs, farmer participation in crop improve-
ment also gives farmers the opportunity to test varieties for food and other uses. This
approach, also known as Participatory Variety Selection (PVS), popularizes varieties before
they are released. Procedures for the testing of palatability of new varieties are as follows:

Supply farmers in the target areas with small quantities of seed and management
information for unnamed varieties.

Allow farmers to monitor crop development. Farmers can be advised to grow the
new varieties next to their established or even their best local varieties.

Farmers should be allowed to ob_serve anql record various cha_racteristics of the new
varieties. Breeders and agronomists can give support and advice.

Allow farmers to harvest the plot.

Allow farmers to put the varieties to different uses, such as processing, food prepara-
tion, brewing, tasting the various products from the seed.

Allow farmers and the community to rate the different varieties used in the study for
palatability.

This enables farmers to compare the new varieties with their local ones.

[11.L1.9.3 Storability

The storability of seed or grain is essential for food security. Some crop varieties do not store
well. For example some maize and sorghum varieties are so soft grained that weevil damage
starts in the field. Such varieties will not be suitable for poor communities, which may not have
the resources to afford chemicals for controlling storage pests. As a result, breeders and farmers
strive to develop long life varieties, resistant to post-harvest storage pest damage.
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The nature and oil content of the grain also determines storability. Some crop varieties such
as soybeans store very well. However, some varieties have grain with leachy testa, which
allows escape of materials from grain during storage. This attracts infestation by mites and
other storage pests resulting in the loss of grain quality.

[11.1.10 Variety Characterization

A variety is identifiable by its unique characteristics. These are characteristics that differentiate it
from existing varieties. Characterization involves identifying and documenting key characteristics
that differentiate varieties. These characteristics may be phenotypic (morphological), agronomic
or quality elements. The morphological features include plant architecture, flower structure,
colour and positioning, nature of fruit and colour, and processing characteristics.

The differences in characteristics are mostly used in Distinctness, Uniformity, and Stability
analysis (DUS). This analysis defines distinctness, uniformity and stability for registration,
protection and identification of a variety. In countries where seed certification is applied,
DUS or variety characterization is a prerequisite for certified seed multiplication. DUS in-
volves recording and documenting all morphological and physiological characteristics of a
variety. The procedure for characterization of varieties is as follows:

Plant the variety in rows, applying the recommended management practices.
Record date of planting and emergence.

Record colour of seedlings, including leaves and stems.

Record date and days of flowering, flower size and structure.

Measure and record full leaf size, angle and length.

Measure and record plant height.

At maturity, observe and record grain size and colour, as well as conducting a nutri-
tional assessment (for physiological characterization).

For fruiting crops, measure and record fruit size, colour and shelf life.

Characterization of varieties provides producers with the necessary information to respond
to consumer needs, as characteristics are catalogued and used for marketing purposes.

[11.1.10.1 Variety Architecture

Variety architecture is the morphological structure of a variety. It refers to the canopy shape and
leaf arrangements of the variety. Thus, a variety may have an open or closed structure. Soybean
varieties show significant differences in canopy structure. Some varieties have open canopies,
while some varieties have been developed with a triangular open canopy. Varieties with triangu-
lar canopies have been designed to reduce mutual shading among leaves, hence maximizing
photosynthetic rate and crop growth. Therefore, when setting out breeding objectives, it is
important for the breeder to decide the type of plant architecture required for the conditions in
which the varieties will be bred. In most cereal crops, such as maize, sorghum, millet, etc., plant
architecture is determined by the leaf angle and leaf size. Narrow leaf angles allow most leaves to
be exposed to sunlight, while large leaves increase the surface area for photosynthesis. Figures
10a, 10b and 10c below illustrate different plant types of rice.
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Figure 10a:  Atall conventional plant type of rice Figure 10b:  Animproved high yielding, high tillering type
of rice

Figure 10c: Alow tillering erect leaf type with a high yield poten-
tial
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[11.1.10.2 Flower Structure, Colour and Positioning

Varieties may also be differentiated on the basis of flower structure. Flower structure, col-
our and positioning determine the mode of pollination. Sorghum has a closed flower which
ensures 95 % self-pollination. In pearl millet, the flowers are open and the female organs
are exposed to the air, allowing cross-pollination and less than 5 % self-pollination. In maize,
the male flowers (tassels) are at the top of the plant to expose pollen to wind for transmis-
sion and pollination elsewhere. The female flowers (silks) are located in the middle of the
plant (Figure 1). The flower structures can be used to manipulate the pollination system of
the plant. Sorghum may be grown next to another sorghum crop, while pearl millet and
maize seed crops require isolation.

[11.1.10.3 Physiological Maturity

Varieties reach maturity at different times. Some varieties are early maturing (short season),
while others are medium to late maturing. The time of maturity determines when and
where a crop should be planted. Long season types are planted early, while short season
types can be planted later. When seed or fruit develops on the mother plant, it increases in
size, due to inflow of photosynthetic material from the leaves. Movement of this material
stops, when the seed or fruit reaches maximum growth or physiological maturity. In most
cereal crops, such as maize, sorghum, etc., physiological maturity is accompanied by the
development of a black layer at the hilum (Figure 11). The black layer is established when
moisture content is between 35 to 45 %. Once the layer develops, seed can be harvested
and dried. Seed must never be harvested before it reaches physiological maturity. Such seed
will be of poor germination and vigour.

Single grain

Figure 11: A cob of maize and a kernel of maize with a black layer indicating physiological maturity
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[11.1.10.4 Fruiting Body Architecture and Colour

The type and nature of the fruiting body varies with the crop species. In maize, the fruiting
body is the cob, while in sorghum and millet, this refers to the head. Pods are common
fruiting bodies in most legumes. For maize, the number of rows and arrangement of grain
on the cob differentiates varieties. Maize kernels are yellow or white depending on variety
and intended use. Similarly, in sorghum, the heads can be closed or open, while the grain can
be chalky white or flint.

[11.1.10.5 Processing Characteristics

The processing qualities of food crops vary with varieties. In sorghum, the grain colour is
indicative of its processing requirements. White sorghum is mainly processed for food, while
red sorghum is used for brewing. However, there are variety differences within each sor-
ghum type. Some white sorghum varieties have soft seed/grain associated with poor quality
food texture, while hard seed/grain is associated with good milling quality and food texture.
Two types of grain, soft dent and hard flint types also characterize maize grain. Each type is
associated with certain milling and food qualities. Most open pollinated varieties of maize
have mixed grain types. Hard flint grain is generally preferred by women, as it does not
break during pounding.

[11.1.11 Maturity and Household Food Requirements

T Asindicated in Section 111.1.10.3, food crop
varieties vary according to maturity dates.
Some varieties are long season, while oth-
ers are short to medium season. Long sea-
son varieties require up to 160 days to ma-
ture. In many cases, such varieties are
planted early with supplementary irrigation.
Breeding and multiplication of long season
varieties is targeted for commercial farm-
ing with irrigation facilities. Short season
crops can be planted early or late depend-
ing on the family’s food status. In cases
where shortfalls are envisaged before the
end of the full season, farmers are advised
to plant early short season varieties. These
will mature very early to secure household
food needs before the end of the season.
Farmers in marginal areas should always
plant short season varieties of suitable
crops.

Figure 12: A farmer proudly demonstrates the differ-
ent types of pearl millet in her crop, as can
be seen from their distinguishing ear char-
acteristics
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Figure 13: Bean varieties characterized by variation in seed colour, size and shape

Testing varieties for maturity is done through observation trials. Varieties are planted in a
number of locations. A new variety is tested comparatively against established varieties. The
maturity date is measured in days to physiological maturity, when the grain has developed a
black layer at the hilum. Tested varieties are grouped into long, medium and short season

types.

111.1.12 Variety Maintenance

A variety is not a naturally occurring group of plants. A crop variety owes it existence to
selection pressure, which restrict the variation in plants genetic pool to the levels set by the
breeder and accepted by the consumer. Unless these pressures are maintained, natural
selection among the plant population will lead to degradation of the variety. Thus, when
multiplying the seed of a variety, precautions must be taken to avoid changes in variety
characteristics through variety degeneration.

[11.1.12.1 Maintenance of Diversity

The maintenance of genetic diversity of local land races is also an important aspect of local
seed supply. Farmers generally plant selections in their fields. Furthermore, during the plant-
ing time, they select the best grains from the best cobs or pods for seed. This practice can
change the features of a variety drastically. It is important that farmers maintain the major
features of the variety and avoid genetic drift by strict selection for local land races.
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[11.1.12.2 Genetic Purity

The genetic make-up or genotype determines the existence of a variety in its form. Any
genetic contamination through cross-pollination or physical seed mixtures will result in de-
viations from normal characteristics. Hence, the genetic purity of a variety must be main-
tained to retain the characteristics for which the variety was originally selected. Genetic
purity of a variety constitutes the integrity of the variety genotype. This integrity must be
kept and maintained.

[11.1.12.3 Self-Pollinated Crops

Simple mass selection may be used to maintain variety characteristics of self-pollinated vari-
eties, when only a small degree of heterogeneity is observed, which may be due to chance
out-crossing, mutations or physical mechanical seed mixtures of different varieties. A farmer
can rouge out off-type plants to clean and maintain the variety. Another way would be for
the farmer to select and bulk the seed of all true-to-type plants to develop a new variety.

However, when a self-pollinated crop shows wide variation of several characteristics, the
pure line method of selection may be used. A minimum of 100 true-to-type plants are
selected and the seed from each plant is planted ear-to-row the following season. The ear
rows are then compared for uniformity; only the lines that are uniform and true-to-type are
harvested for seed, in order to maintain the variety characteristics.

[11.1.12.4 Cross-Pollinated Crops

Three factors have to be borne in mind concerning the maintenance of cross-pollinated
crops. These are as follows:

Inbreeding depression
Possibilities of genetic drift
Requirement for isolation

Cross-pollinated varieties may suffer from inbreeding depression, if a small number of plants
are selected to represent the variety and are grown in isolation. To maintain the cross-
pollinated variety, at least 200 to 500 plants showing variety characteristics should be sam-
pled for bulking.

Selecting a small number of plants may also result in genetic drift, i.e., a sudden drift in the
characteristics of a variety.

Cross-pollinated crop varieties will cross-pollinate with varieties of the same species, if planted
close by, a situation which often leads to variety contamination. For variety maintenance of
cross-pollinated crops, various isolation methods have to be used.

[11.1.12.5 Isolation by Distance

The distance between the seed crop and any possible contaminant varies in crops. Cross-
pollinated crops, such as maize and pearl millet require long distances of isolation, while self-
pollinated crops like sorghum, wheat and cowpea require very short isolation distances.
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However, isolation distances can also be determined by a number of factors, such as wind
direction, natural barriers and planting dates. If the seed crop is in the windward direction of
the possible contaminant, isolation distances are increased and vice versa. Presence of natu-
ral barriers, such as forests can also reduce isolation distances. Forests reduce wind move-
ment and pollen transfer.

Figure 14: Isolation for semi-cross pollinated crops

[11.1.12.6 Isolationby Time

Seed crops can also be isolated from potential sources of foreign pollen by planting the crop
earlier or later than the crop of the same species. The period of separation depends on the
crop and projected weather conditions. It will also depend on the time taken for the crop to
mature or its variety. However, a period of at least 21 days between planting will ensure
adequate isolation. The advantage of time isolation is that more seed crops can be planted
on the same piece of land. The procedures for time isolation are as follows:

Identify the varieties to be multiplied and establish the number of days to flowering
and time differentials.

Plant the first seed crop (variety) under moist conditions.

Plant four buffer rows of the first crop (variety).

Let the first crop grow until booting stage

Plant the second seed crop (variety) under moist conditions with four buffer rows.
Monitor flowering of both crops.

After flowering and pollination of more than 98 % of the first variety, remove any late
flowering plants. These could be off-types.

Buffer rows are added to the edges of seed multiplication plots to increase pollen concen-
tration (cloud) and reduce chances of contamination from foreign pollen.
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Figure 15: Isolation for cross-pollinated crops with wind as pollination agent

Figure 16: Isolation for cross-pollinated crops with insects as pollination agents

111.L1.12.7 Isolation by Timeand Distance

Time and distance isolation may also be used to improve the genetic quality of seed during
multiplication. This isolation involves a combination of the two techniques. In addition to
planting seed crops at the recommended distances apart, the crops can be planted sepa-
rately. This may be done for insect pollinated crops, such as sunflower.

[11.1.12.8 Seed Production Off-Season

In addition to seasonal seed multiplication, seed can also be produced during the off-season.
In some SADC countries, most off-season production occurs in winter nurseries under
irrigation. Much of the production is done in frost-free valleys. Off-season multiplication is
mainly for parent seed (pre-basic and basic). The objective is to increase supply of parent
pre-basic and basic seed for summer seed crops. However, bulking of commercial seed can
also be undertaken in winter nurseries. These frost-free low-lying areas are also suitable for
both open pollinated sorghum and maize seed multiplication.
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[11.1.12.9 Variety Maintenance Procedures for Cross-Pollinated Crops

The maintenance of characteristics of cross-pollinated crops is not as easy as that of self-
pollinated crops. Cross-pollinated crops require strict isolation from a crop of the same
species as already discussed. There are also several procedures that are followed in main-
taining the variety genetic purity of cross-pollinated crops. This section discusses some of
these methods.

planted first

planted 30 days or more late

Figure 17: Maize seed srop isolated by time

111.1.12.9.1 The Half Sib Selection Method

This is an ear-to-row selection method,; it is important for maintaining open pollinated vari-
eties. The procedure is as follows:

Select 200-500 plants that have the variety characteristics. At harvest, reselect the
tagged plants, discarding those that have failed to show variety characteristics at this
stage. Select only those plants with healthy looking ears or heads that are well devel-
oped and representative of the variety, though not necessarily the biggest.

Plant the selected plants in ear-to row plots. The plants in each ear-to row are known
as half sibs because they have the same mother parent but different pollinators. The
rows may consist of 10-20 plants.

Discard the poor looking and most irregular rows before they flower.

Select the best plants or ears within the good rows, harvest and bulk the seed to
reconstitute the open pollinated variety.

111.1.12.9.2 The Full Sib Selection Method

This method attempts to control pollen sources. Thus, two healthy looking plants from a
variety to be maintained are selected and artificially crossed. The crossed ears, which could
be from reciprocal crosses, provide the seed for the ear-rows for selection. The procedure
is as follows:
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The crossed parents are observed during growth and at harvest: those that have
shown undesirable characteristics by harvest time are discarded, while only those
maintaining good traits are selected.

The cobs from reciprocal crosses are observed for uniformity and other positive
characteristics.

Enough seed of the crossed parents is used to plant ear-to-rows. These seeds are full
sibs sharing both parents.

At least 250 of such rows are planted in a block.

Remaining seed of these full sib crosses is mixed and planted around the block of lines
to provide pollen.

Afirst selection round is made when rows that are not true-to-type or too heteroge-
neous are removed before flowering.

In order to avoid inbreeding and the consequences of inbreeding depression, plants
in the best rows are de-tasselled to allow them to be fertilized by plants from sur-
rounding rows, containing a mixture of full sib crosses.

Seed is collected from the de-tasselled rows that appear sufficiently true-to-type of
the variety at all growth stages. The seed is bulked to constitute the variety.

Figure 18:  Full sib variety maintenance of open pollinated maize varieties. Notice the covering of the ears of selected
female plants, so that they can only be pollinated with pollen from selected male plants.
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1.2 Background to Seed Multiplication of Food Crops

Seed multiplication is a technique and an art. It requires the seed grower to have an under-
standing of the technical issues pertaining to crop production and quality management. Seed
multiplication involves planning and management.

[1.2.1 Planning Seed Production

Proper planning enables the production of the right quantities of seed for the farmer’s own
seed security needs and for seed exchange with, or sale to neighbours. It requires an analy-
sis and understanding of the local community seed supply situation. When planning for small
scale seed production, the following factors should be considered:

Variety: - it must be the right variety for the farming area (variety identification).
The quality of seed expected by the local farming community.

Establishing the quantities required by the seed grower and an estimate of local com-
munity seed requirements.

The capacity of the farmer to produce the quality and quantities of seed required by
the community. There should be enough parent seed and land available for seed
production.

Establishing whether other farmers in the local community have the capacity to meet
demand for local seed needs.

Capacity for maintaining genetic purity in a certain variety.

Availability of a community seed bank to store excess seed for farmer-to-farmer
sales or exchange and seed entrepreneurship.

Thus, planning seed production involves identifying the variety, sources of parent seed, main-
taining varieties, identifying the farmers and seed production fields, seed crop registration,
quality control monitoring, harvesting, processing, storage and distribution.

[1.2.1.1 Variety Identification

Seed multiplication has to involve a variety that is in demand by farmers, otherwise it will not
be accepted. Thus, before any group promotes small scale seed multiplication, it needs to
conduct a seed needs assessment survey to establish farmers’ requirements, the relevant
variety and potential quantities. Variety characteristics are also used during identification.
The common characteristics in variety identification are days to maturity (early, early-to-
medium, medium, medium-to-late and late), height (short, medium, tall), ear shape (coni-
cal, cylindrical), leaf shape and angle, colour of grain; and for maize, the colour of silk, grain
type and cob placement. It is important to establish farmer preferences based on these
characteristics and others that they may deem to be important. Once a variety has been
identified, it must be maintained for sustainable supply of quality parent seed stocks.

[1.2.1.2 Identifying Seed Growers

Seed multiplication requires committed farmers who appreciate the value of quality seed.
The following criteria should be used, when identifying a seed grower:
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The seed grower must be a farmer of good repute and able to grow good seed
crops, that other farmers in the community will purchase.

The seed grower must have an appreciation of seed as different from ordinary grain
crops.

The seed grower must be able to invest more time and other resources on seed
crops.

The seed grower must comply with seed production parameters, especially when
weather threatens quality.

Availability of land: - the farmer must be able to spare part of the farm for seed
production and the seed production area should be adequately isolated to multiply
seed of open pollinated crops.

Resource capacity: - the farmer must have adequate draft power to prepare suitable
seedbeds for multiplication and enough crop management skills.

The farmer must have the capacity for on-farm seed processing and comply with
quality control requirements.

The seed grower must be trained in small scale seed production.

The seed grower will be responsible for safeguarding the seed crop during active growth, as
well as during and after harvest. At village level, the selection of seed growers should be

Figure 19: Animal draft power is needed to ease field operations
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based on community consensus. The farmer must be ‘educated’ enough to appreciate the
training needs for seed multiplication. Once a grower is identified, seed production may
start. Seed multiplication begins with parent seed production.

111.2.1.3 Parent Seed Production

Parent seed refers to both pre-basic and basic seed. Once a variety has been identified and
maintained, parent seed should be made available for further multiplication. Production of
parent seed is highly technical and requires adherence to certain practices. Multiplication
requires adequate isolation, effective roguing of off-types and hand harvesting, cleaning and
processing. A qualified seed production adviser or inspector must supervise the production
of parent seed. Once parent seed is available, small scale seed multiplication may start.

Procedures for parent seed production are as follows:
Identify farmer using the criteria as given above.
Identify adequately isolated seed crop fields.
Plant seed in rows.
Monitor closely seed crop development.
Remove unwanted plants, i.e., all off-type and diseased plants.
Allow crop to be inspected at least four times during critical crop growth stages.
Harvest the crop at a suitable time (physiological maturity).

Seek advice from qualified seed production adviser (when necessary).

[11.2.2 Identification of Field for Seed Crop

High quality seed is achieved if agronomic practices used to produce it are appropriate.
These practices cover the whole cycle starting from seed planted, site selection, seedbed
preparation, soil and moisture management, weed, pest and disease management, seed
conditioning and storage. The way each of these aspects are handled will affect all seed
quality aspects:- genetic, analytical, physiological and sanitary, as well as amounts produced.
Very often, the recommended practices for producing grain crops in specific crops either
have to be modified, or followed more closely when producing seed.

Figure 20: Avoid sites where seed will not fully reproduce
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[11.2.3 Factors to consider when selecting sites for seed
production

Any site chosen to grow seed crops has to meet some minimum criteria. The environment
at the site has to allow the crop to reproduce, i.e. flower, set seed, and allow that seed to
develop, fill and develop to physiological maturity. In some instances, climatic elements such
as temperature and rainfall, as well as the photoperiod, prevent crop plants from setting
seed. If reproduction is poor, this could favour plants with a skewed genetic make-up to
flower in greater proportion, thus causing a shift in the genetic make-up of the variety. So,
select sites where all plants fully reproduce, to reduce the risk of shifts in genetic make-up.

Since seed has to be free from pests and diseases as part of the quality requirement, and
seed yields have to be optimized, the site identified should have low to nil weed, pest and
disease pressure, depending on the crop type, seed category, pest and disease type.

It is difficult to distinguish off-types for roguing when crop growth is uneven. Consequently,
sites on steeply sloping land, as well as those with poor drainage should be avoided since
they create uneven and sometimes poor growth. Prefer those with high, evenly spread
fertility.

Figure 21: Avoid sites with high weed, pest and disease pressure
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Figure 22: Avoid swampy land

Plots that previously hosted similar crops have to be avoided, to reduce the risk of contami-
nating the current variety with the previously grown varieties emerging from volunteer
plants. Rotations will also prevent disease build-up. For example, Common Bacterial blight
of common beans accumulates in the soil. Normally, field sites are given a 12 months break,
but this has to be doubled for basic seed. Rotational considerations can, however, be re-
laxed if the variety is similar to the one previously grown, subject to other rotation require-
ments being met. Also, in instances where differences in varieties grown in rotation are very
distinct, such as flowering stages and morphology, these differences would permit identifica-
tion and subsequent roguing of off-types to prevent contamination.

Figure 23: Avoid sites on sloping land
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Figure 24: Avoid sites with uneven fertility

Contamination of varieties is also preventable if sites chosen are adequately isolated from
potential contaminant crops. This prevents genetic contamination, physical admixtures, and
spread of diseases. However, isolation distances may be reduced if other protection meas-
ures are instituted. For instance, many border rows could be planted around the seed rows.
In cases were large fields are used as alternatives to large isolation distances, only the centre
of the field is harvested for seed. Additionally, barriers such as windbreaks assist in reducing
isolation distances. Livestock may carry contaminant pollen and seed, humans may steal,

Figure 25: Avoid sites close to contaminant crops
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Figure 26: Avoid sites that previously hosted similar crops

and both may damage soil structure. Siting plots away from livestock and human tracks and
sites close to seed stores are, therefore, further ways to reduce variety contamination, thus
maintaining genetic purity.

Finally, choose sites that allow access for bringing inputs and moving seed harvests out.

[11.2.3.1 Preparation oftheseedbed

Once asite has been identified, it is important to plough it early, probably one month before
establishing the seed crop. Early ploughing will ensure that all residue rots down, allowing
seed crops to grow well once planted. Weeds will also germinate and grow adequately in
the intervening period, and these could be destroyed before crop establishment. Such early
weed control practices thus reduce risk of contamination later.
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Figure 27: Avoid sites close to tracks and stores

Ploughing should be even, so that seed germination and growth of the crop is uniform, thus
permitting easy spotting of off-types and diseased plants. Ploughing depth should allow ad-
equate burial of crop residues and weeds. Disc and harrow to achieve fine tilth. Fine tilth
increases soil-seed contact, and reduces failure of germination. Failure to germinate can
also be reduced if minimum tillage is avoided.

Figure 28: Land ploughed early, about a month before seed crop.

I11-34



Chapter 1l
Training Manual on Small-Scale Quality Seed Production

Figure 29: Land ploughed late, immediately before seed crop

Figure 30: Even ploughing depth

Figure 31: Uneven ploughing deph
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Figure 32: Fine tilth
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Figure 33: Uneven tilth

[11.2.4 Monitoring of Flowering

Flowering requires more attention than at any other stage of development during seed
multiplication. Good and effective flowering management ensures:

Complete pollination and good grain setting. Poor pollination often results in low
seed set and yield. It also leads to production of a seed crop with variable seed sizes.

Genetic purity of the seed crop.

Effective flowering management is achieved through monitoring of the flowering pattern of
the crop. Field inspection ensures detection of off-types, volunteer plants and subsequent
roguing of unwanted plants. Procedures for monitoring and field inspection are as follows:

Visit the field regularly at booting stage: - this should be done preferably on a daily
basis.

Any plants that flower earlier than the estimated time to flowering should be de-
stroyed.

Estimate the percentage of flowering plants during every visit.

For pearl millet and sorghum, all plants with ergot should be removed, put into a
plastic bag, and burned.
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11.2.5 Physiological Maturity of Seed

Once pollination and fertilization have taken place, grain filling begins. This stage of develop-
ment requires adequate soil moisture to ensure grain filling. Once grain filling has stopped,
the seed is considered to have reached physiological maturity. At physiological maturity, a
black layer develops at the hilum. This is a common characteristic in most cereal crops.
Physiological maturity occurs when seed moisture content is 40-45 %. To establish the
physiological maturity of seed, the following should be done:

Select grain from a randomly selected heads or cobs.
Remove the plug at the hilum.
Check for a black layer (Fig 11).

Once the seed reaches physiological maturity, it is ready for germination. In some cases, the
seed will germinate on the cob or head when moisture content is raised to more than 90
%. This occurs when the seed crop is exposed to incessant rain while in the field. Harvest-
ing, therefore, can start when the seed reaches physiological maturity. It should be noted
that if seed is harvested at physiological maturity at 40-45 % moisture content, it has to be
dried artificially to 10-14 % moisture content, or moved onto a crib to allow natural drying
out by the enviromental or artifitial warm air flow. The major activities to post-physiological
maturity handling of the seed crop are as follows:

Seed moisture content determination.

If the weather conditions allow for natural field drying, the crop could be left in the
field to dry to the required moisture content.

If conditions do not allow for it, the crop should be harvested and dried artificially at
controlled temperatures, or left on a crib and dried naturally by warm air flow.

Figure 34: Farmers showing mature cobs of maize
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[11.2.6 Harvesting Seed

The moisture content of seed determines when the seed crop should be harvested. The
seed must be harvested when moisture content is ideal. If harvested at high moisture con-
tent, it does not store well and loses quality more rapidly than if harvested at a moisture
content of 12-15 %. Late or delayed harvesting exposes the seed to pest and disease infes-
tation. This also reduces the storage life of the seed.

[11.2.7 Post-harvested Operations

[1.2.7.1 Drying

Seed is often harvested at higher moisture content than storage moisture. Harvested seed
is left to dry to 10-14 % moisture content. Seed can be dried on cribs, mat or rock surfaces.
The disadvantages of these drying methods are termite damage, pest infestation, livestock
damage and contamination from grain left on crib or rock.

The procedure for drying seed on a crib is as follows:
Construct a crib (with thatch roof) of 1-2 m above the ground.

Apply used oil or ant kill on the supporting pillars to prevent termites climbing onto
the crib and damaging the seed.

Load cobs/heads loosely onto crib.

Figure 35: Time harvesting date properly. Avoid harvesting when it is still raining as drying will be difficult.
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Remove weeds and diseased heads or cobs.

Leave to dry, checking moisture regularly. Ensure the crib is protected from rain and
sun.

Monitor the drying process, making sure there are no pests infecting the seed.

[1.2.7.2 Threshing

Once seed is dry to 14 % moisture content, the heads or cobs are threshed. Threshing can
be done on the dry ground or a rock surface using sticks. Threshing can also be done on
strips of wood arranged on a platform. Some farmers may use mechanical threshers. It is
recommended that seed be threshed in gunny bags to prevent mechanical damage to the
seeds.

Good quality seed is better shelled by hand especially for maize and ground nuts as mechani-
cal devices tend to damage seed-grain.

m——— W

Figure 36: Athatched drying crib for cobs/heads of seed crop
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Cobs or pannicles

Concrete or rock

Figure 37: A concrete slab for drying seed

11.2.7.3 Winnowing and Sorting

Winnowing is conducted to remove chaff, etc. from threshing. The procedure for winnow-
ing and sorting is as follows:

Select a clean surface.

Use clean winnowers (free from other seed, solil, etc.).
Winnow when there is a slight breeze in a consistent direction.
Winnow slowly to allow separation of chaff and light seed.
Place seed in sorting baskets or containers.

Remove all broken, diseased and damaged seed.

Treat and store seed in clean bags.

Chaff blown off

Cleaned seed

Figure 38: Awoman cleaning seed by winnowing
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I11.2.7.4 Seed Treatment

The objective of seed treatment is to control and prevent seed infestation/attack by pests
and disease. The most common system of seed treatment for pests and diseases in the
SADC region is seed dressing. In this case, the seed is treated either with a dry formulation,
or wet-treated with slurry or a liquid formulation. On-farm seed production systems can
apply both formulations, using a simple homemade rotating drum. The procedure to be
followed is as follows:

Equipment: rotating drum, required chemicals, etc. (Figure 39)
Place clean seed in a rotating drum.
Add dry dust, slurry or liquid formulation of the recommended amount.

Rotate the drum for 30 minutes, checking that the seed is covered uniformly with
chemicals.

Remove seed into a bag or other storage container. If seed is too wet allow it to dry
on a clean dry base (concrete, tarpaulin or rock).

Chemical can be poisonous: therefore, the following precautions must be taken when using
chemicals:

| 15m |

Seed and chemicals sealable aperture

1.5m

Figure 39: A seed treatment drum
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You should be trained in using chemicals.
Follow instructions as given on the container.

Check on the expiry date of the chemical when you buy it, as most chemicals lose
their strength with time.

Ensure mouth and nostrils are masked

Measured chemical

Throughly mix seed and chemical

Figure 40: Seed treatment using concrete floor and a shovel
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Treated seed should never be eaten.
Never eat or smoke when using chemicals.

Use protective clothing when handling chemicals, i.e., gloves, noise mask or even
protective glasses.

i
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Figure 41: Treated seed should be bagged or put into a storage container

111.2.8 Seed Quality

Seed is a biological unit whose quality reflects the type of crop to be harvested. Poor quality
seed leads to poor crop establishment, growth and development and subsequent yield. The
main seed quality parameters are genetic, physiological and physical.

Genetic quality refers to genetic integrity of the genotype of the variety in question.
Thus, any contamination from foreign pollen during flowering, pollination and fertili-
zation causes loss of genetic purity.

Physiological quality refers to ability of the seed to germinate, freedom from systemic
pests and diseases, and having optimal moisture content. Poor physiological quality
results in low germination rates and vigour.
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Physical quality is the freedom of seed from various contaminants, such as inert mat-
ter, disease spores, seed of other crop species and varieties of the same species.

[1.2.8.1 Whyis Seed Quality Important?

When farmers purchase seed from any source, they expect the seed to germinate and give
rise to healthy plants that interact positively with the environment. Good quality seed will
also ensure better yields for the farmer. Good quality seed ensures healthy plants, while
poor quality seed gives rise to sickly plants. Seed quality is important, because it affects crop
yields.

[11.2.8.2 Elements of Good Quality Seed
Good quality seed:

Has high germination rates

Is free from noxious weed and other crop seed

Is not damaged by insects

Is free from disease and pests

Is pure with all seed of the same variety and size
[11.2.8.3 Seed Quality Testing

The major quality components are tested and evaluated differently. However, before any
seed quality testing is conducted, the seed must be sampled properly.

Take small sample from middle of Use a probe to take sample from
seed in the bag ack of bags at random

Figure 42: Seed sampling using a sampling probe and hand collecting of small samples from open bags
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[11.2.8.4 Sampling of Seed Lot

Seed quality tests are conducted on a seed sample. The sample is representative of a seed
lot. The size of the seed lot depends on the species and the size of the harvest. In some
cases, the seed lot represents the total seed harvested.

The seed certification inspector does the sampling of a seed lot based on the seed certifica-
tion scheme guidelines. However, anyone can sample a seed lot using the following proce-
dures:

Arrange bags in such a way that they are accessible for sampling.

Using a sampling probe or hand, if bags are open, collect small samples of seed from
each bag or randomly selected bags.

Mix the small samples from the bags to form a composite sample, normally 1000g for
crop seeds. In some cases, the composite sample may be too big to be sent to the
laboratory.

Take the sample to laboratory without delay.

[1.2.8.5 Registration of Samples

Once a sample has been drawn from a seed lot, care must be taken to:
Retain the identity of the sample
Avoid damage by pests
Avoid exposure to variations in temperature and moisture

If a number of samples are drawn from the same source or different farmers as in the case
of community-based production systems, the following information must be attached to
each sample:

Reference number
Seed kind and variety
Lot number

Date sampled

Date sample received by the seed certification agency

Once a sample is received, it goes through the testing procedures as described below.

[11.2.8.6 Testing Genetic Purity

Although field inspections and checks on seed origin ensure genetic purity, there is still need
to verify the purity of the variety. This is done through pre- and post-control tests. Under
pre-control tests, a sample of a seed lot intended for production of seed is planted in repli-
cated plots. The growing plants are examined during the growing season. The plots are
planted simultaneously with the seed crop. The results of the analysis will reveal the genetic
purity of the variety planted for seed multiplication. The results will also show counts of
other varieties, off-types and diseased plants. These results will assist in the management of
seed multiplication, ensuring genetic purity of the variety.
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In post-control plots, a sample from the harvested and processed seed crop is planted out
during the next growing season. The purpose of the post-control tests is to check on the
accuracy and effectiveness of the quality control procedures applied during the previous
growing season. They also verify the genetic purity of the seed multiplied and distributed to
the farmers.

[11.2.8.7 Testing for Physiological and Physical Quality of Seed

The physiological and physical qualities also determine the value of seed for planting. The physical
qualities are referred to as analytical purity. The testing of these qualities is not restricted to
registered laboratories, but can also be done by makeshift on-farm laboratories.

Seed quality standards list minimum requirements for germination and analytical purity. There
is also minimum moisture content. These standards are contained in the internationally
recognized Seed Certification Scheme and Seed Regulations adopted by each country. It
should be noted, however, that seed testing laboratory results are not expected to show
results for genetic purity, as these are done separately in the pre- and post-control plots.

[1.2.8.8 Testing for Seed Purity

Seed purity is tested for the species in the sample and includes all varieties and cultivars of
the species, undamaged seed, seed in glumes, etc., as in sorghum, immature seed, (shriv-
elled, undersized or germinated seed), diseased seed and pieces of broken seed larger than
half the original seed.

The objectives of purity analysis are to determine:

The percentage composition by weight of the seed lot. The purity defined in the
sample is a reflection of the actual status of the seed lot.

The identity of the various species of seeds and other particles and materials consti-
tuting the sample.

When determining seed purity, the following procedure should be used:

Take a working sample from the submitted sample, using the various methods given
above.

Weigh the working sample and record the weight.

Separate the working sample into its components, namely pure seeds, inert matter
and other seeds.

Weigh the different components separately.

Calculate the weight of the components as a percentage of the weight of the working
sample.

[11.2.8.9 Definition of Inert Matter
Inert matter refers to:
Material derived from seeds which may resemble seed

Materials from other parts of the plant, i.e. leaves and stalks
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Dead insects, etc.

Soil and stones

[11.2.8.10 Definition of Other Seed

These are seeds of other plant species, such as weeds and crops that are not part of the
sample.

[11.2.8.11 Testing for Germination Capacity

The objective of testing for germination is to determine the maximum germination capacity
of the seed. Germination results give an indication to farmers of how much seed may be
needed to obtain good crop stand. It determines the planting rate, that is, how much seed
should be planted per hectare or acre.

When testing for germination capacity, the following procedures should be used:

Only pure seed should be used.
Select randomly 4 x 100 (400) seeds from the pure seed sample.

The testing procedures for sorghum, millet and other small grain cereals, such as wheat,
etc. are as follows:

Plant seed on substrate into 4 equal groups of 100 seeds each. Seed can be planted in
clean river sand or clean newsprint or toweling paper.

Label each batch of seed planted.
Incubate at 20-25°C.
Observe the seedlings after a specified period for each seed type.

Take records of normal and abnormal seedlings. Normal seedlings should have well-developed
roots, leaves and stems, while abnormal seedlings will have no roots and no leaves.

Count the number of normal and abnormal seedlings in each batch of 100 seeds. Add
totals of normal or abnormal seedlings. Divide by the number of seeds planted (in-
cluding all batches). Multiply by 100 to get the percentage of germination.

111.2.8.12 Substrates for Germination

Paper and sand are commonly used as substrates for seed germination rates to be tested.
When using paper as a substrate, the paper should be of uniform moisture-holding capacity
over its entire surface. The paper should be free of harmful chemicals and moulds. The
paper should also be resistant to penetration by seedling roots. The procedure for using
paper as a substrate is shown in Figure 43 below.

Sand is normally used for large seeds, such as maize and beans. Sand for germination should
have the following characteristics:

It should be able to hold sufficient moisture for the whole period of the germination
test.

It should be able to provide the correct balance between water and air supply to the
germinating seed and developing seedling.
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It should be free of impurities, because they affect the germination of the seed.

It should be sterilized, to prevent soil-borne moulds from affecting seed germination.

Evenly roll paper-seed sandwich Layer of paper/towel
¥ | s T-E,-:.--- -

Place sandwich in container in the
darkat25°C

Figure 43: Determination of germination quality using cloth and paper methods

[11.2.8.13 Testing for Seed Health

Seed health refers to the association between seed and pests and diseases. Sometimes,
seed fails to germinate into normal seedlings, because of infections from bacteria and fungi.
Diseases associated with seed are seed-borne. Due to increased awareness of the impor-
tance of seed-borne diseases, most governments worldwide now require Phytosanitary
Certification for imported seed. Pathogens can be transmitted by seed in three different
ways, as follows:

Seed contaminants: Inert material, such as soil clods, plant debris, and/or loose
reproductive organs of the pathogens might act as carriers of the active or resting
stages of organisms. Important pathogen organs that can be carried with seed are:
fruiting bodies, telio and uredospores, nematode galls, chlamydospores and sclerotia.

Contamination of seed surface: The seed coat and/or percarp can carry different
pathogen organs. Different kinds of spores, fruiting, bodies and micro sclerotia are
carried on seed surfaces. Even some viruses and bacteria can be transmitted this way.

Seed infection: Infection may occur in the embryo and endosperm (systemic infec-
tion). Most seed-borne viruses and all loose smut pathogens fall into this category of
transmission. Pathogen organs found in infected seed are:- dormant mycelium,
chlamydospores, fruiting bodies, virus particles, bacterial cells, nematode larvae and
micro sclerotia.
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Seed health testing, therefore, is conducted to maintain clean germplasm for breeding pro-
grams; to predict field performance and subsequent disease development:- to determine
whether seed treatment is necessary and prevent introduction of new pathogens in disease
free areas. The blotter method is standard in seed-health testing and the tests can be con-
ducted with the same equipment used for germination. Procedures for the blotter method
are as follows:

Plant seed in absorbent paper (blotter). Paper must be sufficiently moistened for the
duration of the test.

Place the blotters in petri dishes or clean food plastic boxes.

Sow seed using uniform spacing that is consistent with seed size. Incubate dishes for
a fixed time at 28°C. After the pre-determined incubation period, examine the seeds
under a low-power stereoscope microscope for pathogens.

[11.2.8.14 Testing for Moisture Content

When a sample is brought into laboratory for testing, the moisture content is also deter-
mined. Recommended storage moisture content varies with crop species and ranges be-
tween 9 and 14 %. When determining moisture content, the following steps are taken:

A sample drawn for moisture content must be taken to the laboratory and stored in
a waterproof container.

Weigh 100g of seed.

Place the sample in porcelain crucible.

Place in oven at 130°C for two hours. Make sure seed does not burn
Remove sample and reweigh. Repeat process until mass does not change.
Calculate the difference with original weight.

The difference over the original mass x 100% represents the moisture content as a
percentage.

[11.2.8.15 Testing for Seed Vigour

Seed vigour reflects the ability of seed to germinate rapidly, giving rise to healthy fast-grow-
ing seedlings. High seed vigour gives the seedlings a competitive advantage over weeds, etc.

111.2.9 Seed Production Systems

When a breeder has developed a new variety, the variety must be multiplied and made available to
farmers without delay. The production and delivery of good quality seed of improved and adapted
varieties requires technical understanding of seed issues. The production of quality seed must be done
under standardized conditions. To ensure quality of seed, the different stages of production must be
supervised properly. Thus, during the production process, strict attention must be paid to the mainte-
nance of genetic purity of the variety. There are three internationally recognized stages of seed multipli-
cation. These are as follows:

Pre-basic (Breeders’) seed: this is normally multiplied in one generation under the
supervision of the breeder. It is the source of basic seed. In some countries, basic
seed is referred to as foundation seed.
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Basic (foundation) seed: this is multiplied under the supervision of the breeder or his
agent. Standards applied in the production of basic seed must be those defined by the
regulations of the country. Basic seed is used for the production of certified seed.

Certified seed: this is seed produced either for further multiplication to 1%t or 2
generation seed in OVP only, or for the production of a commercial food crop.
Uncertified seed can also be marketed as commercial or standard grade seed, but
normally for OPV only..

[11.2.10 Seed Production Techniques

There are two major seed production systems: formal and informal. Under informal seed
production systems, seed is not subject to strict and at times, mandatory quality control.
Seed can be drawn from a commercial grain crop, cleaned and sold as “quality” seed. Re-
cently, some organizations, such as Non-Governmental Organizations (NGOs), made im-
provements to the informal seed production system by:

Relying on authentic sources of parent seed (basic seed) for further multiplication.

Insisting on the application of quality control measures during and after multiplication.

However, informally produced seed is distributed within communities as home-saved and
farmer-to-farmer seed exchange. The advantage of informal seed production systems is
that seed or planting material can be made available without strict adherence to national
regulations. In addition, it can be the basis for seed entrepreneurship development. Open
and self- pollinated crops normally dominate the informal sector, and other crops regarded
to be unattractive to the formal sector.

The formal seed production system abides by the regulations stipulated in each country. All
seed crops are registered with the certifying authority of the country. Only registered vari-
eties are multiplied for seed.

In both seed production systems, there are stages to be followed when producing seed.
These include:

Selection of varieties to be multiplied:- farmers’ needs must be taken into account to
ensure that all seed produced is marketed and sold. Thus, seed production must be
demand driven. Selected varieties may be improved varieties (from research and
development programs) or local varieties, such as land races.

Selecting seed for planting:- to produce quality seed, seed of good genetic, physical
and physiological quality must be planted. It must be of guaranteed quality.

Selecting of site for seed production:- not all sites are suitable for seed multiplication.
Only a site of suitable soil, free from noxious weeds and well rotated, to prevent
volunteer crops that may contaminate the seed crop, must be selected for seed
production.

Land preparation:- care should be taken when preparing land for seed multiplication.
Soil texture and particles must be even, to ensure uniform germination and maturity.

Seed planting:- this should be done correctly, avoiding possible admixtures. Use clean
containers all the time. Seed should always be planted in rows at uniform planting
depth.
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Weed control and roguing:- all weeds must be removed, as they compete with seed
plants for water and nutrients. Weeds tend to grow faster than crops and often over-
come the seed crop, resulting in poor growth and development of the seed crop.
Rouging helps to remove unwanted plants, which can be a source of both genetic and
physical contamination.

Controlling diseases and pests:- diseases affect crop growth and affect seed quality.
Insect pests damage the seed, reducing physical quality and germination.

Harvesting the seed:- all seed should be correctly harvested, avoiding admixtures and
other forms of possible contamination. Seed must be dried to the right moisture
content. The seed grower should avoid harvesting too late, as this may expose the
seed to insect infestation in the field. In crops such as soybean, the seed may shatter,
thus reducing the yield.

111.2.10.1 Preconditionsfor Seed Production

Before seed multiplication is undertaken, a plan should be formulated. The plan should con-
sider the following factors:

Soil requirements for the seed crop to be multiplied
Climatic conditions

Farmers’ requirements

[11.2.10.2 Soil Requirements

Seed must be multiplied in suitable soil conditions. Maize requires heavy to light sandy loams.
These have a high water holding capacity. Maize requires soils that enable synchronization
of male and female fertilisation gametes development during hybrid seed multiplication. Sor-
ghum, millet, groundnuts, cowpeas, and bambara nuts can be multiplied in light sandy soils,
as long as there is sufficient moisture.

111.2.10.3 Climatic Conditions

Climate determines the type of crop to be planted. Seed multiplication for sorghum, millet
and other crops should be multiplied in fairly dry climates, to reduce infection by seed-borne
diseases.

[11.2.10.4 Farmers’ Requirements

Farmers normally buy seed of crops and varieties they are familiar with. Varieties can be
improved varieties or traditional varieties. Improved varieties must have been demonstrated
for their productivity in field trials and accepted by farmers. Local seed producers should
also liaise with their communities and establish the quantities of seed the community is likely
to absorb. Production should be planned according to the seed needs assessment survey.
Seed growers should be advised to always produce extra seed that will allow external mar-
kets and carryover stock of at least 20 % of the established community demand.

111.2.11 Seed Multiplication of Self-Pollinated Crops

Seed of self-pollinated crops, such as groundnuts, may be re-sown for several generations.
The procedure for seed multiplication is as follows:
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Obtain breeder or foundation seed.
Identify the field for multiplication.

Prepare the land suitably and make sure the land is isolated to avoid contamination
from volunteer plants and mixing with seed from neighbouring plots, thus maintaining
genetic purity.

Prepare rows and apply fertilizer. Seed should always be planted in rows to facilitate
removal of unwanted plants (roguing) and weeding.

Plant seed in the rows. Always plant when soil moisture content is at field capacity.

Cover the seed immediately with a 10mm layer of soil. This prevents birds from
pecking at the seed, as well as protecting it from direct sunlight and high tempera-
tures.

As the seed crop grows, control weeds by hand or machine cultivation.

Remove by hand all undesirable individual plants. The undesirable plants can be of the
same varieties, but deformed or infected with disease or pests, and/or a different
variety identified by its plant characteristics. When roguing, remove the entire plant
and take it away. Roguing should be done before flowering, as cross pollination may
occur through various agents, such as pollen-seeking insects and birds exploring the
grain setting.

Allow the crop to be inspected during active growth if necessary.

Harvest the crop at about 40 % moisture content. If hand harvesting, do not leave
crop in the field to below 40 % moisture content, as seed may be lost due to shatter-
ing or other factors when it is too dry. When machine harvesting, adjust machine
correctly to avoid seed damage and losses during harvesting.

After harvesting, process the seed accordingly. Seed must be processed on a clean
base, such as a concrete floor or pressed ground. Avoid floors and ground with crev-
ices, as seed of other varieties may be lodged in such areas. It is advisable never to
process seed at the same time as similar varieties and other crops.

Always use clean equipment, e.g. winnowers, bags, etc.
Pack clean seed into clean bags.

Store seed in a safe and cool storage place. Seed stored at room temperatures will
keep longer and retain viability until the following planting season.

[11.2.12 Multiplication of Cross-Pollinated Crops

Seed production in cross-pollinated crops is more difficult than in self-pollinated crops. Seed
of cross-pollinated species is replaced more frequently than in self-pollinated crops. They
require more isolation. Cross-pollinated crops are associated with hybrids. However, syn-
thetic and composite varieties have been developed from cross-pollinated varieties. Com-
posite varieties are often referred to as open pollinated varieties. However, the most com-
mon cross-pollinated cereal crops in the SADC region are maize and pearl millet. Seed
multiplication of these crops is conducted as follows:
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Identify the field or plot for seed multiplication, making sure that it is adequately iso-
lated from plots of the same species. There is a minimum requirement for isolation
of 400m for cross-pollinated crops. However, isolation distances can be reduced if
the adjacent plots are planted at different times (time isolation) and if buffer rows are
used (length of isolation will depend on the number of buffer rows). The more buffer
rows the less the isolation distance. The isolation distance can be increased, where
the crop is insect pollinated, such as in sunflowers, because the insects fly long dis-
tances.

Plant seed in rows to facilitate roguing of off-types and unwanted plants.

Add necessary fertilizer at planting to ensure optimal seed development and good
yields.

Monitor crop development, ensuring no foreign pollen contaminates the crop.

Remove unwanted plants or off-types before pollen shed.

111.2.13 Multiplication of Semi Self-Pollinating Crops

Semi self-pollinated crops should be treated the same way as self-pollinated crops. How-
ever, semi self-pollinated crops should also be isolated, to reduce any incidences of cross-
pollination.

[11.2.14 Multiplication of Vegetatively Propagated Crops

Vegetatively propagated crops include the sweet potato, Irish potato and cassava. Stems are
used in crop propagation in sweet potato and cassava, while tubers are used for propaga-
tion in the Irish potato. These crops are not subject to cross-pollination or genetic contami-
nation and therefore remain pure after a number of generations. The main problems in
seed multiplication of these crops are viral and bacterial diseases. Hence, extreme care
must be taken when producing seed. The procedures for seed multiplication are as follows:

Identify field or plot that has not been planted with a seed or commercial crop of the
same species for a minimum of 3 years. This stops volunteer plants or bacterial dis-
eases from the previous crop contaminating the current crop. Avoid areas with a
history of viral disease outbreaks.

Plant disease and pest-free stems or tubers. Stems from plants infected with a virus
should be avoided. Nematodes infect potato tubers and such tubers should never be
used for seed, as this spreads the pest to uninfected areas.

Monitor growth and development of the seed crop. Weeds can harbour vectors,
which transmit viral diseases. Hence, the seed crop must be cleaned, by spraying,
regularly.

For sweet potato and cassava, keep the crop in the field and harvest seed when
needed. For Irish potato, harvest the seed crop, treat with a combination of a pesti-
cide and fungicide and store in bags under cool conditions.
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Swollen roots

Runners

Figure 44: Some popular vegetatively propagated crops in the SADC region

[11.2.15 Off-season Seed Multiplication

Seed production is traditionally conducted during the growing season. In some cases, the
seed produced is not enough for the following marketing season. As a result, seed is often
produced off-season, i.e., during the winter/spring seasons. However, off-season produc-
tion requires irrigation and is thus expensive. In most cases, therefore, only parent seed is
produced during off-season. Off-season seed production is carried out as follows:

Identify area for seed production. It must be an area where average winter tempera-
tures are above 20°C, free from frost, adequately supplied with water for irrigation
and accessible for associated seed activities.

Plant breeder/parent seed in mid-June or after the frost period.

Monitor crop during growth and development, controlling weeds and irrigating the
Crop as necessary.

Harvest and process the seed before the next growing season.
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1.3 Agronomic Aspects

Successful production of crops in general and seed in particular, depends on how well the
farmer practises sound crop management. There are many factors that contribute towards
a healthy and productive seed crop. These include the genetic makeup of the variety, quality
of the seed planted, soil and climatic conditions, and cultural or husbandry practices em-
ployed in crop production.

The manipulation of a crop’s genetic makeup to develop improved varieties is achieved by
plant breeders working in conjunction with other plant scientists and consumers. Crop im-
provement techniques have already been discussed in the Background to Breeding Food
Crops (Section 1I.1). Through plant breeding, breeders are able to develop crop varieties
with improved characteristics, such as:

Highyield

Adaptation to varying environmental and soil conditions

Disease and pest resistance

Various other quality aspects

The quality of seed used to produce a seed crop also has a great influence on crop produc-
tivity. A farmer needs seed of good genetic quality, seed that is clean, viable, well developed
and free from seed-borne diseases and that produces vigorous seedlings.

[11.3.1 Soil Fertility and Climatic Requirements

Soil as the crop production medium also strongly influences crop productivity. The soil stores
moisture and plant nutrients essential for plant growth and development. The soil require-
ments of many seed crops differ little from those of the same crop grown for direct con-
sumption. In general, the soil should have an adequate supply of mineral nutrients, some of
which influence seed quality. It is a well-established fact that if a crop develops vigorously, it
is more likely to yield abundant, plump, well-filled seed than a crop that is stunted and weak,
due to poor solil fertility.

Concerning the nutrition of seed crops, nitrogen, phosphorus and potassium all play an
important role. The essential plant nutrients are categorized either as “major” or “minor”.
The major nutrients are needed in large quantities, i.e. 200-300 kg per hectare, while the
minor or trace elements are needed in smaller quantities per hectare.

High seed crop productivity, therefore, requires soil with:
Good structure and texture
Good soil depth and good water holding capacity
Good balance of soil plant nutrients
An acidity range of pH5.5-6.5

The climatic conditions, such as day length, temperatures, rainfall and relative humidity have
to be optimum for crop production. Some crops are sensitive to low temperatures, others
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to high temperatures. For seed crop production, the farmer has to know the crop charac-
teristics to determine whether the seed crop can grow in a particular environment or not.

The cultural or husbandry practices employed are aimed at manipulating the environment
to suit the crop or in some cases, adapting the crop to the environment so that the crop can
express its full genetic potential in yield and other characteristics.

Table 2: Major and Minor Essential Plant Nutrients

Major Minor

Nitrogen Iron

Phosphorus Manganese

Potassium Zinc

Calcium Boron

Magnesium Copper

Sulphur Molybdenum

Chlorine Cobalt
Chlorine is often considered a minor nutrient element because although large amounts are taken up, only very
little is essential for growth. Also note that carbon, hydrogen and oxygen which are major nutrient elements are
not included as these are not added through fertilizers.

[11.3.2 Seed Crop Protection

After crop establishment, the major husbandry practices required for good yield perform-
ance are those involving crop protection. If pests and diseases are allowed to attack crop
plants, the result will either be reduced stand due to plants dying off, or curtailed plant
development. Either or both of these situations will result in reduced yield and quality. In the
case of diseases, some of them may be seed borne, a fact which would render the grain
unfit to be used as seed. Good crop protection ensures that crop plants realize their yield
potential and also attain good seed quality. Crop protection usually involves control of insect
pests, plant diseases, nematodes, weeds, rodents and others. The principle is to keep each
pest below its threshold level (injury level) and keep the seed crop clean throughout crop
growth. There are well-defined control practices for the different pests.

Sound crop protection requires good knowledge of the pests (and diseases), especially their
life cycles; knowledge of the type of injury they cause to the crop; knowledge of the crop’s
reaction to the injury; the pest threshold; the chemicals that are effective in controling it and
their rates and time of application; and other aspects. One of the most challenging aspects
of crop protection involves correct identification of an insect or weed at the different stages
of growth, or of diseases at different development stages. Thus, sound crop protection
requires considerable training. Other demands for pest control include use of correct con-
centrations of pesticides, appropriate application methods and safe handling of the agricul-
tural chemicals. However, the seed grover may employ the services of research and exten-
sion to indentify exogenous problems and how to eradicate them.
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111.3.2.1 Diseases

One of the important constraints to high productivity is that of plant diseases. Plant diseases
reduce plant productivity or Kill plants entirely. The importance of a disease or the pathogen
that causes it is determined by the economic losses it causes. A plant disease is defined as a
series of invisible and visible responses of plant cells and tissues to a pathogenic micro-
organism or environmental factor resulting in adverse changes in the form, function, or
integrity of the plant. It may lead to partial impairment or death of the plant or its parts.

Plant diseases are directly caused by fungi, viruses and bacteria and indirectly by nematodes,
various insect pests and poor nutrition.

Disease control is a very important aspect of seed production. That is the reason why the
seed crop is inspected in the field at routine intervals to ensure that it is disease- and pest-
free during the seed certification process of the formal seed supply system. The reason for
this is because seed can be a very efficient way of transmitting plant pathogens in space
(from place to place) and time (carry over from season to season), with the disease reap-
pearing in the seedlings produced.

Some diseases are carried as seed-borne diseases, whilst others are perpetuated through
poor field hygiene and lack of crop rotation practice. There are many diseases that infect
cereal and legume crops. There are, however, a few principles that may assist in reducing
disease outbreaks in smallholder seed production. These are as follows:

Use of germplasm resistant/tolerant to prevailing major diseases.
General crop hygiene, including use of effective crop rotation.
Seed treatment with chemicals.

Use of clean seed selected from a disease-free crop, especially free of seed-borne
diseases.

Regular scouting for disease infection to facilitate early control and roguing out of
diseased plants if only a few are infected.

Control measures aimed at populations of plants, rather than individual plants.

Control methods should be aimed at protecting plants from becoming diseased, rather
than curing them once they are already diseased.

Control of insect-vectors that transmit viruses.

Carry over of seed for only 2 to 3 seasons and then fresh seed needs to be sourced.

There are general approaches to management of plant diseases that a seed grower should
be aware of. Ideally, a farmer must identify diseases in his/her crops and then apply control
measures as appropriate. However, disease identification is very complicated, even with
handbooks that have colour plates. It is reasonable, therefore, to suggest that farmers should
follow prophylactic control measures recommended for each crop. They should at least
make an effort to identify the major seed-borne diseases, since these may end up infecting
their crops. Seed pathology is concerned with the recognition and control of seed-borne
diseases. To do this, a complete understanding of the biology of pathogen is essential. This is
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problematic for the non-expert, as this is a specialist undertaking requiring laboratory confir-
mation, even when it is being done by experts.

For seed-borne diseases, it is important for farmers to work hand-in-hand with extension
staff and other technical service providers so that all efforts are made to:

Source seed free of seed-borne diseases for the seed crop or use treated seed.
Identify correctly seed-borne diseases expected in the area.

Put into effect prophylactic sprays for these diseases.

Inspect regularly the crop and identify disease-free sections of the field.

Only harvest those disease-free sections for seed to carry onto the next season as
seed for commercial or seed crops.

Hold regular sessions of disease identification at seed crop plots with relevant ex-
perts.

Observe correct field hygiene.

[11.3.2.2 Insect Pests

Insect pests affect adversely growing plants and can even destroy whole plants at various
developmental stages. They can reduce the plant stand or its productivity. Insects can also
infest grain in the field or in the store. This results in loss of grain quality in terms of germina-
tion percentage and even nutritional value. For seed production, managing insect pests should
be done, in order to:

Achieve high yields
To avoid grain being infested, i.e., preserve the seed quality
Principles of insect pest management in seed crop production are:
Use of tolerant/resistant varieties: these are fewer than for diseases
Sound field management, including effective insecticide application to crops
Grading of un-infested seed for storage
Systemic insecticide application to grain
Storage in environment where insects have no access

Rotation of crops of different species.

[11.3.2.3 Weeds

Most smallholder farmers realize that low crop yields are due to poor weed management
and high weed pressure. Significant portions of cropped land may be abandoned when weeds
overwhelm the crops planted. Weeding is one of the most labour-demanding tasks in any
small landholding and is becoming a major constraint to this sector in sub-Saharan Africa,
given reduced labour profiles because of HIV/AIDS pandemic affecting most communities.

A weed is any plant that grows where it is not wanted by man. Weeds include volunteer
plants from the previous crop. Weeds vary in their aggressiveness to compete with crops.
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They compete with crops for production factors:- water, nutrients, light and space. Weed
control must be done in good time, before yield-reducing competition for production fac-
tors has taken place. The principle for good weed management or control is to keep weed
pressure below the economic threshold (i.e. damage levels), not necessarily to keep the
crop weed-free. This should be fairly achievable at the household level of seed production,
since the seed crop field sizes involved are small, particularly in seed gardens. Another as-
pect of weed management that is important for the realization of good crop yields is con-
trolling/removing the weeds before they seed. This will contribute to the reduction of the
weed seed bank in the soil and ensure low weed pressure in future.

111.3.2.3.1 Weed Induced Damage

Weeds cause several types of damage to crops, disturbing normal development of the plant
and ultimately lowering its yield. These are:

Competition for nutrients, resulting in nutrient deficiency symptoms in crop plants.

Competition for water, resulting in stressed plants that do not grow well and may
even die.

Competition for light and space when weeds overshadow crop plants, they tend to
grow very tall, slender and weak stems, resulting in easy lodging.

Parasitic weeds, such as striga, suck out nutrients from plants resulting in sickly growth
and development.

Weeds can be alternative hosts to pests and diseases.

Weeds harbour mice and other animals, such as porcupines which inflict heavy losses
on crops.

When well established and in close proximity to the crop plants, some weeds exude
chemicals that affect crop growth adversely (allelopathy).

Removal of weeds adjacent to crops often results in crop plant root damage, when
pulling out and root pruning using an implement such as a hoe. This weakens the
plant and exposes it to infection with disease pathogens in the soil.

111.3.2.3.2 Weed Management

This should aim at effective weed control, preferably with reduced labour input. The main
principle is to keep weed pressure below threshold levels and also to reduce the weed seed
bank. Several considerations may guide the weeding operations:

Preparation of seedbed after initial flush of weeds, to minimize weed population in
the crop seedling stage.

Weeding early to facilitate good early growth of seed crop and quick ground cover.
Avoiding root pruning through implement damage or weed pulling.
Being careful not to damage crop plants as this can result in disease infection.

Selecting the most appropriate herbicides and applying as advised on the label.
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1.4 Handling Storage and First Aid for Pesticides

Pesticides include fungicides, nematicides, bactericides, insecticides and herbicides. Most of
these can be poisonous to human beings and need to be handled and stored carefully. There
are many cases of chemical poisoning on farms. The farmer needs to be taught about safe
handling of pesticides, their storage and guidelines on first aid to victims poisoned by pesti-
cides.

Pesticides are essentially poisons manufactured to ‘kill’ living organisms, e.g., plant patho-gens,
insects, rodents and weeds. There are various categories of pesticides whose level of toxic-
ity is shown by various types of usually colored signs, i.e. pictograms on the label, of the
package or container.

This information is very important as it contains crucial information such as:
= How poisonous the pesticide is.
= The safety precautions recommended for that pesticide.

= The formulation of the pesticide, i.e., the active ingredient, its concentration and
form (liquid, powder, dust, granules, etc).

= The pests to be controlled with.
= The application rates for each pest.

= The recommended application method.
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1.5 Seed Storage

Seeds are living organisms. All living things must eventually deteriorate and die. Seed dete-
rioration is inevitable and irreversible. However, seed deterioration is not good for agricul-
ture as it results in reduced viability and seedling vigour, leading to reduced plant stand. Seeds
intended for planting are thus managed, to minimize their deterioration, i.e., to maintain
their viability and vigour as high as is possible. Since deterioration is inevitable, even if slow,
seeds for planting can only be stored for limited periods, if they are to be used before their
quality declines to unacceptable levels. Itis desirable to have seed with germination of 85 %
or higher for most crops. Seed deterioration varies among seed populations: therefore,
seeds of different crop types have differing storage potential. This also means that seeds of
different crop types have different shelf lives. Factors that influence the lifespan of seeds
include:

Internal factors:- these include the physical condition (broken, cracked or bruised
seed) and physiological state (e.g. degree of maturity or grain filling). Damaged seed
or those not fully developed deteriorate more rapidly than undamaged and fully de-
veloped seed.

Environmental stresses during seed development:- these influence mainly the physi-
ological state of seed. Stresses such as mineral deficiency (inadequate soil fertility),
water and very low or very high temperatures can impair the longevity of seeds.
Seeds from plants that suffer such stresses may not be stored for long periods.

Relative humidity and temperature:- the two most important factors that influence
the lifespan of seeds are seed moisture and the temperature at which it is stored. The
level of moisture in the air, seed moisture content and temperature of the storage
environment influence the rate at which seeds lose viability.

High levels of moisture in the seed store or the seed itself often results in develop-
ment of fungal infections that cause the seed to rot.

High temperatures cause more rapid deterioration through increased metabo-
lism, particularly if the seed has high moisture content.

In formal seed production systems, seeds of most crop species may be safely stored for
several years through careful control of temperatures and relative humidity. Such seed stor-
age facilities are expensive and sophisticated. For community-based seed production sys-
tems, simple but functional approaches to seed storage are needed. The basic steps for
successful seed storage for up to two years are as follows:

Harvest seed as soon as it dries enough, so that it does not deteriorate in storage
(less than 20-25 % moisture content). Timely harvest is important to avoid other
problems, such as:

Pest infestation in the field. Both maize and grain legumes may be infested by pests
in the field, creating a source that will multiply in storage.

Grain legumes may shatter if left for too long: this makes harvesting much more
difficult and necessitates picking of grain on the ground.

Seed of both cereals and grain legumes lose quality if overexposed to the sun’s
heat once physiological maturity has been attained.
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Figure 45: Improved traditional storage bin
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Delayed harvesting of seed exposes it to danger of damage or loss by mice, livestock
and other animals.

Care should be exercised during processing. Only methods that do not crack or
bruise the seed should be used. Unshelled maize or cowpeas should not be shelled in
a sack using a stick. Such damaged seed either is not capable of germinating or will
deteriorate fast.

Take out seeds that are broken or damaged, not fully developed, infected with dis-
ease or pests. Only clean, undamaged, pest-free seed must be stored.

Treat the selected seed with an insecticide, such as malathion (1 % dust) and a fungi-
cide, such as captan. Only available and inexpensive chemicals should be used. If these
chemicals are not available or affordable, traditional methods of treating seeds should
be considered. These are effective for insect pests. The most commonly used ones
are:

Mixing the seed with wood ash. The crystalline structure of the ash deters weevils
and bruchids, which attack cereals and grain legumes respectively.

Putting leaves of Tagetes minuta (Mexican marigold) in the seed container. The
smell of the leaves of this plant keeps the pests at bay.

Use of cow dung, either by smearing it on the walls of the storehouse or sides of
a container, or spreading fine, dried cow dung on maize cobs.

Putting dried gumtree leaves in the storeroom or container.
Sprinkling finger millet hulls on grain.
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Hanging maize cobs above fireplace so that the grain is coated with soot. This is
good for short-term storage and is applicable to maize only.

Storing the seed in a covered container in a cool place. Ambient room tempera-
ture in sealed clay containers can be effective for fairly long periods of storage that
is, around two years. The seed should be covered with a layer of washed and dry

river sand. Apply a layer of cooking oil or paraffin on top of the sand for longer
storage.

To summarise, good quality seed can be obtained only if well dried (less than 12.5% mois-

ture content), undamaged, fully matured whole grain is treated and kept in a cool, dry envi-
ronment.
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Figure 46: Traditional storage bin on stilts with rat guard to prevent rodent damage to stored grain
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1.6 Seed Gardens

Seed security can be defined as the sustained ability of all farmers to have sufficient quantities
of the ‘desired’ crop and variety diversity of seed at the right time. This seed must be of high
quality. The use of high quality seed is one of the important factors in increasing productivity
of smallholder farmers. For example, the grain yield components for maize are: number of
plants/hectare, number of cobs/plant, size of cob and shelling percentage. For cowpeas,
they are: number of plants/hectare, number of pods per plant, number of seeds per pod
and shelling percentage. Seed quality (germination percentage and seedling vigour) directly
influences crop stand establishment, which is the primary grain yield component of crops.

In most SADC countries, smallholder farmers experience problems in acquiring seed of
improved varieties, particularly for the traditional food crops, such as pearl millet, finger
millet, sorghum, groundnuts, field beans, cowpeas, bambara nuts, as well as root and tuber
crops. The majority of farmers use their own farm-saved seed from previous crops or buy
retained seeds from other local farmers. Commercial seed companies have largely focused
on producing seed of hybrid maize and high value crops, such as wheat and soybean. How-
ever, even when seed of improved varieties of the traditional crops is produced commer-
cially, use of such seed by smallholder farmers is limited, due to various problems. These
include high seed prices and large seed packs, lack of local seed traders (timely availability),
and lack of organised seed entrepreneurship in farming communities.

This situation justifies the need for community-based local seed supply programmes in most
countries in the region. One such approach for improving seed technology transfer to farm-
ers is that of seed gardens. Smallholder farmer seed projects should be confined to tradi-
tional and improved varieties. Hybrid varieties can be left to the formal seed sector. Efforts
in this direction by NGOs have gone a long way to alleviate seed availability problems, as
well as increasing the use of improved varieties.

[11.6.1 The Use of Seed Gardens

The establishment of seed gardens by smallholder farmers enhances household level seed secu-
rity. Seed gardens provide farmers with an opportunity to produce high quality seed that is ready
for planting immediately after harvesting, without requiring storage facilities. Only excess seed
will require storage. If well managed, seed from seed gardens should meet the grade of certified
seed, or at least come close to it. Seed gardens offer the farmer with the possibility to produce
adequate amounts of seed for the crop varieties of his/her choice. Seed gardens also provide the
opportunity for extra training in husbandry of crops farmers choose to grow. If used effectively,
seed gardens can achieve food security: that is, enough food at the household level and surplus
for sale to raise cash, as well as improved livelihoods.

There are two scenarios in which seed gardens may be used:

In areas of mono modal rainfall, the seed garden is established in the off-season (dry
season) period so that seed is available at the beginning of the following rainy season.

In areas of bimodal rainfall (e.g. around the equator), where there are short and long
rain periods, seed gardens are best established in the short growing season to make
seed available for planting in the main growing season.
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In areas of mono modal rainfall, there is reduced disease incidence in the off-season, hence,
enhanced likelihood of producing high quality seed. This is due mainly to reduced relative
humidity. Also, since few crops are grown in this period, it is possible to achieve the required
isolation distances for the different crops. However, the fact that few crops are normally
grown in the off-season may also mean increased pest problems, such as rat damage and
increased chances of livestock and wild animal damage. Another risk is low temperatures,
which may cause delayed germination and slower plant growth. Frost damage may also
occur.

In bimodal rainfall areas, seed gardens can act as an alternative or complementary local
means of seed supply to main season production activities. In the short season, it may be
necessary to irrigate the crops at the beginning and end of the season, depending on growth
duration.

In both of these scenarios, adequate water provision and crop protection practices are neces-
sary to produce high quality seed. Security is another absolute requirement. (Figure 47)

111.6.2 Planning of Seed Gardens

Planning of seed gardens is critical as it influences whether the seed production activities will
succeed or fail. The first major question is whether farmers establish a seed garden as a
group or do it individually. Individual seed gardens have worked well in Zambia, but small
groups, provided they can work together well, should also be able to run successful seed
gardens. For a given community, the seed garden project should be planned communally
under the local civic/traditional leadership. This is because the setting up and operation of
the seed garden will involve utilization of common property, such as land, water, trees and
grass. However, the planning of seed gardens requires that a few steps be followed:

The first step is for farmers to select the crops and varieties they want to grow in the

Figure 47:  Seed garden with a combination of live and barbed wire fencing. Note the source of water within the garden
site.
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main season. Some farmers can select more than one variety for a given crop. The
crops could include maize OPVs, sorghum, pearl millet, finger millet and grain leg-
umes, cowpeas, field beans, greengram and bambara nut.

Select or make sure these varieties can mature in the dry season or in the short rains,
so that good quality seed is available at the onset of the main growing season. It is
very important to facilitate timely planting in the main season.

Source of basic seed should be established.

It is important to source good quality seed for use in the seed garden. Do not use seed of
unknown quality in the seed garden.

[11.6.2.1 Size of Seed Garden

Generally, the seed garden must be small to ensure good management and adequate fenc-
ing. However, the size of the seed garden will vary depending on the area the farmer intends
to grow in the main season and whether she/he intends to trade in seed or not. Several
factors can influence the garden size:

The size of arable land available.
The access to draft power for field operations.

Ability to fence the seed garden — it is more difficult to fence with poles and grass,
than with barbed wire and pig netting.

Amount of available water — this is critical since the seed crop requires adequate
moisture to attain good yields and produce seed of quality. Water available from dams,
boreholes, wells or streams must be properly assessed, as this will dictate the areas
to be cropped in the seed garden. The water requirements of the intended crops
must also be known. Technical assessments and advice on this aspect are crucial.

Whether the seed garden is communal or individually owned.

[11.6.2.2 Availability of Water

The seed gardens have to be sited near a reliable water source so that labour required to
irrigate the garden is minimal. The water must be adequate for the area to be irrigated
throughout the crop’s growth duration. The quality of the water must be suitable for irriga-
tion. Sometimes, deep wells and boreholes in sodic soils yield salty water unsuitable for
irrigation. Generally, water used to grow common vegetables is good enough for field crops.

[11.6.2.3 Location of Seed Garden

Location is critical for several reasons:- it must be near the irrigation water source; the
location must be frost-free; the soil must be reasonably fertile to raise a good crop with only
moderate fertilizer inputs; and it must be a safe place where crops can be easily monitored
and chances for theft are minimized.

The nearer the seed gardens are to human settlements, the more likely it is for them to be
managed well. It is ideal to cluster several individual seed gardens together. This improves
security and may reduce the fencing demands of individual gardens, since some sides will be
shared.

I11-66



Chapter 1l
Training Manual on Small-Scale Quality Seed Production

111.6.3 Requirements of Seed Gardens

A good seed garden must have certain characteristics to ensure that successful and sus-
tained crop production is achieved. The main aspects to consider are: the garden site, free-
dom from frost, garden fencing for protection against animals, and sustainable cropping
patterns.

The garden site:- the soil must be reasonably fertile and not too sloped, to avoid
erosion. If the soil slope exceeds 3 %, appropriate conservation works must be done.

Freedom from frost:- the site of the garden must ideally be frost free. Sites where
frost occurs, no matter how mild, must be avoided. So the garden site must not be at
the bottom of a valley and it should have a thatch hedge around it for protection
against frost.

Seed is a high value product that demands high levels of inputs in terms of manage-
ment. Therefore, a seed crop should not be grown in a field that is not secure. The
field should be well fenced, ideally with barbed wire and pig netting. Since most small-
holder farmers have limited resources, a strong fence of poles and brush that cannot
be penetrated by small livestock is suitable. In all cases, wherever possible, a thick
thatch of grass all round the garden is recommended, to keep rabbits and members
of the deer family out of the gardens. These can be devastating, particularly for grain
legumes, such as cowpea, field beans and soybean. In Zambia, poor fencing struc-
tures have resulted in extensive crop damage by livestock. The Jatropha plant from
cuttings planted during the rainy season established successful live fencing. In Zimba-
bwe, there are several tree species used for live fencing of riverine gardens.

Establishment of a seed garden demands heavy investment in fencing and sometimes,
in the development of water wells. Therefore, the management of the seed garden
must ensure productivity for a long time. This can be done by practising effective
crop rotation between off-season and in-season crops. The main aim of this will be to
sustain productivity, that is, soil fertility, and to manage pest and disease levels.

Another requirement for the sustainability of farmer-based seed multiplication systems, such
as that of seed gardens, is a reliable supply of quality parent seed material, as well as ad-
equate technical back-up. This calls for:

A good source of parent seed stock, preferably a public sector institution or NGO.

Regular supply of parent material for all varieties so that seed can be retained over 2
to 3 years at most. This should maintain quality and limit disease build-up.

Adequate technical back-up for effective seed multiplication and good quality stand-
ards.
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l1l.7 Participatory Training and Technology Transfer
Concept

It has now been widely recognized among community development specialists and policy
makers that developmental programs which involve the participation of target communities
right from the start have a greater propensity to succeed than those which do not. It is
recommended that initial participatory diagnostic studies be carried out in the target com-
munities by developmental agencies, to gauge the communities’ own understanding of the
problems they currently face and suggestions on how these problems can be solved. Com-
munity participation, therefore, is needed at the initial problem identification stage, to de-
velop appropriate intervention measures to solve these problems. Community participa-
tion is also needed during the implementation of the intervention strategies recommended.

The basic concept underlying the formulation of the participatory concept is that people
decide for theselves what to do with their own lives. The local beneficiaries participate in all
stages of project development, implementation and evaluation. This fosters a sense of own-
ership among the intended beneficiaries of the project, thus ensuring the project’s success.

The training approach followed in this manual uses participatory training tools. The method-
ologies and training tools used herein are aimed at improving Small Scale Seed Production
Projects in the SADC region, with greater attention paid to the primary stakeholders: that
is, the peasant farmers themselves. This is encapsulated in a publication by the Farm Level
Applied Research Methods for East and Southern Africa (FARMESA) Project
(Anandajayasekam, P et al, 2001), provides an extensive and detailed discussion of some of
the participatory technology transfer concepts used in this seed manual.

[11.7.1 Participatory Rural Appraisal

Participatory Rural Appraisal (PRA) is a methodology that involves a multidisciplinary team of
community development specialists who interact with community members, in order to
learn from and with the community members, so as to investigate, analyze and evaluate
their problems and opportunities. This participatory technology transfer tool is a means of
gathering different kinds of data that is important for identifying and mobilizing interested
groups and evoking their participation, as well as opening up avenues for the group to par-
ticipate in decision making, project design, execution and monitoring.

The central feature of PRA methodology is that it focuses on people, their livelihoods and
inter-connectedness with ecological and socio-economic factors. The purpose of PRA, which
is usually carried out at the problem diagnosis stage, is to provide the community with an
understanding of their natural resources, their constraints, problems and opportunities. It
helps community members to make informed and timely decisions and facilitates them in
planning, implementing and monitoring rural development projects.

[11.7.2 Participatory Extension Approach

The role of Agricultural Extension Services is to act as a liaison service between research
workers, policy makers and other support service providers and farmers. In this way, ex-
tension services play a dual role in providing innovative knowledge, as well as feedback.
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With the realization of the need for pluralistic approaches in community development, the
role of traditional public extension services is changing from that of teacher, to facilitator or
catalyst for rural development (Hagmann,J et al; 1966). This changing role has been influ-
enced by the recognition that farmers themselves are the only people who can make effec-
tive decisions on how to manage their farms within the many environmental and social
constraints they face. In addition to the multitude of social and cultural factors affecting how
they choose to farm. The Participatory Extension Approach (PEA) was developed on the
premise of sharing learning experience between all stakeholders in a given programme.

The concept of PEA is an extension approach and concept that involves a transformation of
the way in which extension agents interact with farmers. Community-based extension and
joint learning is central to PEA. The extension service facilitates communication and infor-
mation flow, in addition to providing technical back-up options. The extension worker co-
ordinates and organizes knowledge acquisition from several sources. In addition, the exten-
sion worker documents farmer knowledge and experiences and produces simple guide-
lines for farmers. Thus, farmers build upon their management and problem solving capacity:
a situation that requires a dual process of learning by practical field experience.

The characteristics of the PEA processes are outlined by the Zimbabwe Department of
Agriculture, Technical and Extension Services (AGRITEX 1998). The main characteristics of
PEA were outlined as follows:

It integrates community mobilization for planning and action with rural development,
agricultural extension and research.

It is based on an equal partnership between researchers and extension agents, who
can learn from one another and contribute their knowledge and skills.

It aims to strengthen rural people’s problem solving, planning and management abili-
ties.

It promotes farmers’ capacity to adopt and develop new and appropriate technolo-
gies/innovations.

It encourages farmers to learn through experimentation, building on their own knowl-
edge and practices and blending them with new ideas, which leads to action reflection
or action learning.

It recognizes that communities are not homogeneous, but consist of various social
groups with conflicts and differences in interests, power and capacities. Each group
then makes its collective decisions and also provides opportunities to negotiate be-
tween groups.

The Participatory Extension Approach is not a “one time” discrete activity:- it is a cyclic
process of learning which repeats itself with a different set of problems. There are four
major phases of the PEA process. These can be outlined as follows:

Phase 1: Preparing the community through social mobilization. This phase involves
facilitating the communities’ own analysis of their situation.

Phase 2: This phase is concerned with community level Action Planning based on the
activities of the first phase. This phase includes prioritising problems and needs, searching
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for solutions, mandating local institutions and action planning.

Phase 3: Implementation and trying out of farmer experimentation. The actual imple-
mentation involves mobilization of resources and implementation of activities. This
step helps to re-evaluate local knowledge in the light of new techniques. During im-
plementation, new questions and problems may arise for which the community should
work out appropriate intervention measures.

Phase 4: Monitoring and Evaluation (M&E) through sharing of experiences, ideas and
self-evaluation. This phase consists of joint learning by sharing ideas and experiences,
and by reflecting on the success and failures of the actions and experiments carried
out. M&E includes a Mid-Season Evaluation and an End Season Evaluation. M&E leads
to planning for the next season or Project Phase.

11.7.3 Farmer Field Schools

Another participatory training method for farmers that has recently gained popularity is
known as the Farmer Field School (FFS) extension method. This method emerged in Java in
Indonesia in 1989. It has since spread to Southern and Eastern Asia and to India. In Africa,
FFS methods have been applied in Kenya, Tanzania, Uganda, Zambia and Zimbabwe
(Anandajayasekam, P et al eds, 2001).

The FFS method is a practical approach to training, which aims at building up the technical
competence of farmers on major aspects of crop and livestock production. The main as-
sumption underlying FFS is that the participating farmers will acquire enough technical knowl-
edge to test the various technological options available to them and in the process, be able
to decide on the best alternatives for adoption. It is, however, absolutely essential that the
facilitators of the FFS be technically strong and have a complete practical understanding of
the subject matter being taught, albeit using non-formal educational methods. During the
process, FFS provides a learning environment that attempts to build on the capacity of the
group.

FFS training revolves around four basic principles, which are as follows, with special refer-
ence to seed production:

Growing of a healthy seed crop through the use of improved varieties, efficient nutri-
ents, water and weed management practices.

Observing crops in the field regularly, to understand crop typology and its implication
in seed crop production, and to determine management actions necessary to pro-
duce a profitable seed crop.

Understanding biological agents and agro-ecological systems that conserve beneficial
predators and parasites.

Making farmers realize that they are experts in their own farming systems.

FFS training in seed production brings together farmers in groups to participate in hands-on
intensive training in seed crop production, covering all aspects of seed production over the
entire crop growth cycle. The principle is that in field schools, farmers and trainers partici-
pate equally in field observations and discussions, applying their previous experiences and
new information from outside the community to reach management decisions on what
action to take. The guiding principles for the field school learning process are as follows:
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All learning activities take place in the field during land preparation, planting and the
growth cycle of the crop.

All learning is based on the farmers’ observations in the field. The observations form
the basis for discussion and analysis by farmers who arrive at concepts they test and
improve upon, through further field activities.

Training is focused on the analysis of the crop agro-ecosystem. This analysis helps
farmers gain insight into ecological interaction in the field. The combination of analyti-
cal methods, ecological insight and integrated management principles for growing a
healthy crop, provides farmers with wider alternatives to choose from.

Training lasts the entire cycle of the crop, so that farmers acquire a firm understand-
ing of the relevant concepts for each stage of crop growth and how these impact on
quality seed production.

The curriculum is based on local conditions, problems and needs of participating farmers.

l11.7.4 Variety Evaluation, Verification and Observation Trials

The use of farmer’s fields and allowing farmers to carry out agronomic trials in their own
environment is a powerful participatory training tool for skills and technology transfer to the
farming community. The Variety Evaluation, Verification and Observation trials (VEVO) pro-
vide small scale farmers with the opportunity to acquire practical training in seed production
(see Annex 1V).

1.7.4.1 TheUseofObservation Trials

The VEVO trials can be an effective tool for the participation of smallholder farmers in the
process of improving their access to quality seed of appropriate varieties of traditional food
crops. Instead of only introducing what technocrats think is good for farmers, observation
trials provide an opportunity for evaluation of germplasm in the farmer’s environment,
enabling them to observe the different cultivars, manage them and finally select those that
best suit their needs and agro-environmental conditions. In this way, farmers participate in
technology generation through evaluation of the germplasm. Consequently they will adopt
varieties that they have tested and observed to perform well, particularly when they are
tested at the farmer level of management and inputs supply, through the VEVO trials.

In this programme, the VEVO trials can serve several specific objectives, namely:

As a tool to evaluate variety adaptation to farmers’ agro-ecological conditions and
sometimes, their management requirements. Specific measurements taken in these
trials could include:

Yield performance of varieties, including yield components, such as shelling per-
centage.

Growth patterns of the varieties, observing phenological developmental stages,
growth duration, harvest index, lodging, shattering, sprouting, disease and insect
pest infestation in the field, etc.

Farmers’ preferences given the yield performance and other variety characteris-
tics, such as grain appearance. This is particularly important for grain legumes,
such as cowpeas, field beans and bambara nuts.
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VEVO TRIAL BLOCK
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nated varieties). The other four (4) rows are discards to be used for testing
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To provide sites for Farmer Field School training for Small Scale Seed Production Pro-
gramme facilitators and farmers. Aspects that can be used in the training are:

Developmental pattern and morphological differences of the varieties in the ob-
servation trial.

Variety genetic quality, e.g., evenness of plant growth and level of off-types and
appearance of typical off-types.

Comparison of the growth characteristics, disease and insect pest levels with the
local standard variety.
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Recording and collation of data on growth, yield and cultural practices.
Recording environmental data, particularly rainfall.

Field school activities develop farmer capability to manage their own seed plots
later.

Development of germplasm Geo Information System (GIS) adaptability maps: data
from various observation trials is combined to develop maps, showing where particu-
lar varieties perform well. In order for this to be possible, the data from the individual
observation trials must be:

Adequate, hence a certain minimum detail must be recorded during all observa-
tion trials.

Carried out properly such that data recording is accurate and consistent.
Planned properly, including training of participating farmers hosting the trials.

Field days to demonstrate variety performance to a wider audience in a locality. The
members of a group hosting an observation trial can invite several other stakeholders
to field days, e.g., extension staff, health personnel, school teachers, NGO develop-
ment workers, traditional leaders and other farmers. These field days can achieve
several objectives

Promotion of best performing varieties.

Creating awareness of improved varieties available to farmers in the area, thereby
creating a local seed market.

Encouraging other communities to participate in the programme.

Providing a forum for farmers to share ideas and experiences on the new technol-
0gy.

Figure 49: Farmers visiting a VEVO trial plot during a Field Day
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l11.7.4.2 Planning of Observation Trials

A trial is a systematic enquiry. Therefore, if an observation trial is not planned properly, it may not
achieve the intended objectives. Planning of observation trials can be done at various levels:
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Facilitator level of planning with extension personnel, including development workers
and plant breeders. This will involve:

Explaining the rationale of the concept of observation trials in smallholder farmer
seed production.

Going through the technical aspects of production and quality assurance in seed
production.

Going through the details for managing an observation trial, from objective through
field layout, data recording and processing. It is important for facilitators to under-
stand clearly all technical and social aspects of handling observation trials.

Detailed discussions on how to form and work with the farmer groups involved in
the observation trials.

Selection of facilitators for the project, not all those involved in the above training
may be comfortable with playing the facilitation role, or interested in the planned
observation trials.

Selection of target communities, i.e., where there is need and interest in seed
multiplication.

Community mobilization to explain the concept to the targeted groups of farmers.
This is a very important and sensitive stage which is critical to the success of the obser-
vation trials. Several steps should be taken, nemely:

Introduction of the project to local level authorities and seeking permission to
work in their area. This often includes meeting traditional, civic and political lead-
ers of the area. This mobilization is important for gaining community support and
dispelling any suspicions about the project mission.

Defining and/or refining farmer target groups. This is necessary so that only rel-
evant observation trials can be discussed and the appropriate farmers are invited
to ‘mobilization’ meetings. Note that different farmers can be targeted for differ-
ent crops in the same locality.

Meetings to explain the concept and to gauge interest in project.

Selection of appropriate crops to cover most aspects of knowledge, information
and technology transfer consistent with farmers’ socio-economic situation and
expectations.

Selection of participating villages and farmers or farmer groups.

Work plan preparation with selected participants, for a minimum of six observation
trials per crop per village, to cater for randomisation. All members in a group must
participate actively in the preparation of these work plans, so that each one of them
understands the resultant activities. Furthermore, each work plan must be formu-
lated in the village concerned. The specific activities can include:

Selection of variety preference and diversity.
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Selection of sites for observation trials. This must capture the diversity of micro-
environmental differences and farmers must understand clearly these differences.

Selection of the specific varieties for multiplication.

Generation of information and knowledge systems related to quality seed produc-
tion, particularly local management practices.

Developing detailed trial outlines and going through them with the group. This
should make the farmers understand what is expected of them. The outline must
be well laid out, with the following subheadings:

Title

Obijectives

Location

The varieties (treatments)

Management

Records

Training farmers on how to fill in the trial diary and rainfall figures.

I11.7.4.3 Requirements of Observation Trials

The observation trials must be separated, at least 0.5 to 1km apart, to capture the impor-
tant micro-environmental differences and enable easy access of more farmers to the trials.
Micro-environmental characteristics can include:

Differences in rainfall (leeward versus windward positions where hills occur).
Position on the catena (uplands, down slope, wetlands, etc).

Soil type (e.g. clay versus sandy loam).

Soil acidity and sodicity, etc.

There are some important aspects to fulfil if results from the observation trials are to be
technically valid. The main ones are:

All participants have to use the same seed rate and generation.
Trials have to be established at the same time.

Trial plots have to be of the same size and this should be as indicated in the protocol
for each crop.

The trials must be accessible. Only farmers willing to allow others to visit the trial
plots need be encouraged to join the programme (i.e., those who are not supersti-
tious). This is necessary if facilitators and farmers in the locality are to make individual
visits or organize field days during the season.

Each site must have a trial diary, in which observations and details of operations are
entered regularly.

Regular site visits by facilitators are a pe-requisite. At least one visit per week, during
which the trial diary for each site is examined for completeness of recording. Discus-
sions with the hosting farmers at the trial site are encouraged.
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Wherever possible, each site must have a rain gauge. Rainfall data is very important as
the amount and distribution often influence crop performance.

[11.7.5 Strengths, Weaknesses, Opportunities and Threats
Analysis

The analysis of a project in terms of its Strengths, Weaknesses, Opportunities and Threats
(SWOT) is usually an integral part of the Monitoring and Evaluation (M&E) exercise in project
implementation. To be effective, M&E, as well as assessment of the project impact on the
target beneficiaries should be participatory, and an integral part of project planning and im-
plementation. Before discussing the SWOT analysis, it is important to define M&E.

Monitoring refers to a continuous assessment of both the functioning of the project activi-
ties in the context of implementation schedules, and the use of project inputs by the target
population, in the light of design expectations. Project monitoring is hence a process, which
observes events connected to a project systematically and critically, in order to control the
activities and adapt them to the existing conditions. Evaluation, on the other hand, is a much
broader concept. In general, evaluation addresses project performance: that is, comparing
achievements with expected outputs.

Having given a brief definition of M&E, we now can discuss the SWOT analysis and how it is
used in the execution of a business enterprise or a community development project. The
SWOT analysis assesses the Project’s Strengths, Weaknesses, Opportunities and Threats.
With regards to strengths, the SWOT analysis examines the project’s superiority: that is, it
determines what the project does better than any others in the industry and the source of
this strength. Furthermore, it analyses whether the strengths are sustainable and how the
strengths can be leveraged to the benefit for the project and ultimately its stakeholders.

Having examined and listed exhaustively the project’s strengths, the project’s weaknesses
are also analyzed and listed exhaustively. The analysis of weaknesses determines the project’s
areas of vulnerabilities:- in particular in the project design and implementation strategies that
may need strengthening or modifications.

The opportunities of the project are then examined. Opportunities are the project’s critical
potential success factors; those unique aspects of the project that are the foundations of the
project’s concept. These are also listed and finally, the threats to the project are examined.

The analysis of threats or challenges involves identifying the variables, which if changed un-
expectedly, would have a radically adverse impact on the project’s outputs. It is important
to be cognisant of these threats and work towards minimizing them.

Once the SWOT analysis is done and all the components examined and listed, the final task
is the selection of options that become the basis for actions to fulfil the desired future direc-
tion of the project. In short, what the project promoters and target beneficiaries want the
project to achieve at a specified time in the future. This exercise involves developing an
inter-related matrices that match the strengths, weaknesses, opportunities and threats. The
matrix will reveal gaps in the project design and execution that have to be corrected to
improve the project performance.
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IV Planning and Implementation of Seed Production:
Background on the Practical Guide

Who should use the practical guide? Why is it structured in the form of activities? How
should the practical guide be used? This practical guide to local seed production systems
implementation is targeted at:

Technical and extension service providers, both in the public and private sectors, who
will facilitate all the processes in local seed supply systems. These will include:

Crop breeding institutions and plant genetic resources conservatories
Crop agronomists and extension advisors with seed crop production knowledge

Small enterprise seed/grain commodity marketing advisors

Farmer beneficiaries who will implement the processes involved in the development
of local seed supply systems such as:

Community leadership and farmers’ associations
Village agricultural crops producers

Volunteer village farmers willing to invest personal resources (land, labour and
inputs) in agricultural crop development trials

IV.1 Planning of Appropriate Variety Breeding, Seed
Production and Multiplication

All the different steps for major crop breeding methods, seed production and multiplication
are explained in the guide in a practical manner, which is easy to understand. Local seed
supply systems often attempt to meet the seed demand for crop varieties that are adapted
to locality specific, agro-environmental conditions. They need to be consistent with farming
systems practised by ‘indigenous’ farmers, so as to meet their household seed, food and
socio-economic requirements. It becomes immediately apparent that for the sustainability
of such a programme, ‘indigenous’ farmers should be empowered to access the necessary
skills and technology to meet their local seed demand independently.

Chapter Il covers the main aspects of Participatory Variety Selection (PVS) and Participatory
Variety Breeding (PVB).

Participatory Variety Selection is incorporated into Variety Evaluation, Verification and Ob-
servation (VEVO) trial plots (see Section 111.7.4). In this regard, a farmer-selected variety,
such as maize, competes with five improved varieties adapted to the same or similar agro-
ecological conditions. The results obtained are verified over three crop cycles or crop agri-
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cultural seasons. The participating farming community then takes part collectively in variety
ranking, based on their preferred criteria for:

Value for food, social and economic use
Stability of yield in the local agro-ecological farming conditions
Adaptability to farming systems practised and to agro-ecological conditions prevailing

Based on this ranking, a number of varieties are selected for production by the farmers
themselves, this speeds up the pace of adoption of improved varieties in their farming sys-
tem. Participatory Variety Breeding may follow, if farmers have the technical capacity to

undertake a planned programme of variety development, as outlined in Section 111.1.8

IV.1.1 Maintenance of Seed Stocks

In formal seed supply systems, plant breeding institutions maintain all breeding materials
and/or germplasm in different collections. These collections are normally classified as:

Base Collection: This is a long-term collection used to regenerate the variety or lines
required for reproducing a ‘lost’ variety.

Active Collection: This is used for medium-term variety genetic conservation or for
further variety development.

Table 3: Modified OECD Certified Seed Grade Classification Scheme

Seed ieat Probable
Generation Producer Utilisation Quantity
Foundation | Breeder Basic and Active Collection Maintenance, | & 50 kg

Variety Maintenance, Development and
Production of Next Generation.
Pre-Basic Breeder and/ | Basic Collection Maintenance, Variety | % 500 kg
or Breeding | Development, Genetic Purity Mainte-
Institution nance and Production of Next Genera-
tion.
Basic Seed Supply| Working Sample, Seed Bulking and Final | = 20 tons
Systems Variety Purity Verification
Certified| Seed Supply| Working Sample, Quality Seed Multipli-| = 200 tons
1%t Grade Systems cation for Commercial Crop Production
Certified| SeedSupply | Working Sample, Variety Seed Security | Seed to Meet
2" Grade Systems & Achieved and Increased Food Production | Demand for
Food Crop Variety
Producers
Certified|Food Crop Food Security Concerns Increased
Standard Production Food
Productivity
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Working Sample: This is often used during the first stages of crop variety seed multi-
plication and/or PVB programmes.

In this regard, crop variety breeders are custodians of the institutional memory of such
breeding technology, without which a variety may be lost.

In peasant farming systems, such local expertise also exists. However, these farmer crop
breeding systems are at a disadvantage in that breeding knowledge systems lack replication,
as they rely on mental rather than recorded memory structures. In this context, local seed
systems are initiated with the objective of restoring lost technology to a community, through
tapping into formal institutional memory structures and thereby avoiding the long process
of appropriate technology generation. For uniformity, this manual will follow the Organisa-
tion of Economic Co-operation and Development (OECD) seed classification scheme, as
shown in Table 3.

This manual will concentrate on training for the development of replicable variety seed
knowledge and information systems that can be transferred easily to communities. Through
Knowledge, Information and Technology Transfer (KITT) systems, community crop varie-
ties, seed technology and institutional memory structures will evolve.

IV.2 The 3-Year Project Phase

It has been shown from past experience that a 3-year project phase works successfully in
KITT systems for seed supply. During the three years, extension workers and intermediar-
ies support and hand over activities to the farmer or farmer groups with begining of the
second year, in order for the project to be successful and sustainable. Successful develop-
ment and establishment of viable local seed supply systems is achievable, if implemented
according to the guidelines, continued in the Local Seed Supply Curriculum Block -1l (An-
nex Il). The activities have been designed to generate and enhance local information and
agronomic knowledge pools at the farmer level. These activies are based on farmer varie-
ties at interface with improved varieties (technology) of the same crop species in farmer-
implemented, farmer-managed VEVO trial plots.

The objectives of this 3-year PEA to training in seed supply processes are as follows:

Develop variety characterisation knowledge at farmer and facilitator levels, so that
they understand easily the expression of plant traits. The expression of some traits in
plant development is not affected by changes in the environment, yet other traits are
highly affected and are therefore said to have a high genotype x environment interac-
tion.

Traits such as flower colour and architecture (distinctive shape and form), or time
differential in pollen shed and stigma receptiveness, or period of pollen shed, are
examples of plant traits that are not sensitive to environmental changes. These
traits are known as qualitative traits.

The expression of traits, such as yield, period between crop emergence and flow-
ering, or period between fertilisation and grain physiological maturity, are greatly
affected by stresses, such as drought, soil nutrient deficiency, etc. This can result in
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Duration Seed Program

YEAR 1 YEAR 2 YEAR 3

—

Year 0

Planning for a Seed Program

Year 1

Train the trainer by principal trainer beginning of season

Month 123456789 10 11 12

up to 6 seasonal refresher courses for trainer by
principal trainer

Year 2

Beginning of season train the trainer refresher course
Backstopping by principal trainer
Year 3

Trainer advises in case of need seed grower

Seed Program Consultant:

program
organises training (Venue, accommodation, transport etc.)
secures services of subject matter specialists

backstop’s program through entire phase

offers services to interested customer and if needed advises to find funding for
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a changed expression of such traits, due to a high genotype x environmental inter-
action. Traits which are sensitive to environmental changes are known as quantita-
tive traits.

Train farmers to identify and learn critical crop agronomic developmental stages im-
portant for:

Removal of off-types within a variety’s seed crop, to enhance its genetic purity.

Detasseling or emasculating of all female lines before pollen shed, during breeding/
development of synthetic or open pollinated varieties.

Harvesting the crop 10 days after grain physiological maturity is reached, for con-
trolled conditioning and processing of seed before onset of pest and disease infes-
tation at field level.

As most of the target group of farmers may be illiterate, the 3-year training phase is impor-
tant for creating seed supply knowledge and information systems that are based on the
development of ‘institutional memory’ at the community level. This may enhance the
sustainability of the programme if participants continue with the processes initiated during
the training.

IV.2.1 Concept of Seed Supply

Seed supply relates to the process of appropriate crop variety selection, variety develop-
ment (variety genetic development and genetic integrity maintenance) and seed produc-
tion, harvesting, conditioning, processing, physiological quality and physical qualitypurity testing,
grading, treatment against pests and diseases, storage and packaging, marketing and distri-
bution. In this regard, it is important that farmers are familiar with these activities, before
embarking on the creation of local seed supply systems, which is often the ultimate goal.

V.3 Time Spreadsheet

The implementation of project activities in a 3—year time frame is summarised in the time
spreadsheet indicating lines of responsibility for a given activity for each set of partners in a
given agricultural season (see Annex I: Spreadsheet).

The rationale behind the time spreadsheet and why it should be used by the farmer is that it
is handy and gives an overview of the activities whose outcome directly impacts initiation of
subsequent activities for successful completion of the project. Since local seed supply sys-
tems are farmer based, it is imperative for farmer groups involved in such a project to be
entirely familiar with the use of such a spreadsheet. This is based on the idea that it would be
the farmers’ responsibility to solicit stewardship for each activity, where they lack the capac-
ity to complete it on their own.

The layout of this manual follows a functional approach based on a yearly work plan tar-
geted at achieving specific results, as illustrated in the time spreadsheet (Annex ).
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Chapter V

V  Project Preparatory Phase:
Training of Trainers

This Chapter has been designed for technical and extension trainer facilitators interested in
participatory approaches to agricultural development, in collaboration with peasant farming
communities. Preferably, such facilitators should have a fairly good background in food crop
agronomy and should be drawn from the ranks of public or private agricultural sector inter-
mediaries whose objectives include development of local seed supply projects.

Chapters Ill — IV give explicit and detailed background information on seed supply proc-
esses. This chapter attempts to synthesise such knowledge and information systems for the
peasant! farmer level, through training. To appreciate the problems involved in developing
appropriate training modules consistent with the target farming systems, it is necessary to
define a few terms that are central to the discussions that follow. Bryceson (2000) defined
‘peasants’ as constituting a distinct type of agrarian producers with the following four main
distinguishing characteristics:

Farm: the pursuit of an agricultural livelihood combining subsistence and commaodity
production.

Family: internal social organisation based on the family as the primary unit of produc-
tion, consumption, reproduction, socialisation, welfare and risk-spreading.

Community: village settlement and traditional conformist attitudinal outlook.

Class: external subordination to state authorities and regional or international mar-
kets, which involve surplus extraction and class differentiation.

A peasant’s livelihood involves changing agrarian labour processes that are responsive to
internal differences, such as climate, local resource variation and demography, as well as
external stimuli, such as markets, taxation and other forms of state intervention. In this
regard, peasant societies are best understood as societies moving towards or away from
these four characteristics.

This gives a background to the development of the train-the-trainer course curriculum for
seed supply systems that is solidly based on the creation of ‘social capital’ (Neuendorf 2003).
This simply means the establishment of trust relationships between various partners inter-
acting with peasant farmers, to facilitate the development of common rules and norms
pertaining to reciprocity and exchange of information. This would culminate in develop-
ment of linkages and networking of social groups, such as farmers’ associations, societies
and producers’ groups at the peasant farmer level under the guidance of agricultural re-

1 The term ‘peasant farmer’ was preferred in the context of this manual, as not all smallholder farmers lack access
to appropriate seed for their farming systems. Furthermore, not all resource-poor farmers have small land
holdings
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search and extension services. These groups would then constitute the primary local ‘trainer’
team comprised of peasant farmers and field extension service workers, in order for the
PEA to develop local seed supply systems.

The design of these training curriculum modules integrates the requirements of trainer
facilitators and those of peasant farmer participants in accessing seed Knowledge, Informa-
tion and Technology Transfer (KITT) systems, as outlined in Annex Ill: Development of PEA
to Local Seed Provision Systems.

The first train the trainer course is important, in that it covers the syllabus modules that
would give prospective trainers a firm background in designing relevant work plans for de-
veloping local seed supply systems in their areas of operation.

The syllabus is summarised in Annex Il: Local Seed Supply Syllabus. The induction training
course would cover most aspects leadin