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About ICARDA

Estabhshed m 1977, the InternatIOnal Center for Agncultural Research m the Dry

Areas (ICARDA) IS governed by an mdependent Board of Trustees Based at

Aleppo, Syna, It IS one of 16 centers supported by the Consultative Group on

InternatIOnal Agncultural Research (CGJAR)

ICARDA serves the entIre developmg world for the Improvement of lentIl, barley
and faba bean, all dry-area developmg countnes for the Improvement of on-farm water-use

efficIency, rangeland and small-rummant productIOn, and the West and Central ASia and

North Afnca regIon for the Improvement of bread and durum wheats, chIckpea, and

farmmg systems ICARDA's research provIdes global benefits of poverty

allevIatIOn through productIVIty Improvements mtegrated WIth sustamable natural-resource

management practices ICARDA meets this challenge through research, trammg, and

dlssemmatlOn of mfOlmatlOn m partnershIp WIth the natIOnal agncultural research and

development systems

The results of research are transferred through ICARDA's cooperatIOn WIth natIOnal

and regIOnal research mstltutlOns, WIth UniVerSItIes and mmlstnes of agnculture and

through the technical assistance and trammg that the Center proVides A range of trammg

programs IS offered extendmg from resIdential courses for groups to advanced research

opportunities for IndIViduals These efforts are supported by semmars, pubhcatlons, and

speclahzed mformatlon servIces

About ILRI

,_",NO< " __<-, The InternatIOnal Livestock Research Institute (ILRI) began operatIOns m

(~~ 1995, Incorporatmg the resources, faclhtles, and major research and outreach

'".-~./i programs of two former CGIAR Centers-the InternatIOnal Laboratory for
ILRI Research on Animal DIseases, founded 1973 m NaIrobi, Kenya, and the

InternatIOnal Livestock Centre for AfrIca, founded J974 m AddiS Ababa, Ethiopia The

new mstltute IS the first to address the severe problems of tropical ammal agnculture m a
hohstlc way-tacklIng constramts In both productIOn and health, addressmg environmental

as well as productiVity concerns, and conductIng work across the full spectrum of

upstream-to-downstream research

The research agenda covers the broad fields of bIOlogy, ammal health and

productIOn, ecology, and SOCIOeconomIcs Three mam programs are focused on (1)
blosclences, (2) sustaInable crop-livestock systems, and (3) strengthenIng partnerships WIth

the NARS
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Foreword
LIvestock productIon IS an Important component m the economIes of most countnes of
West ASia and North Afnca (WANA) and Sub-Saharan AfrIca However, most of these
countnes face madequate feed supphes for theIr hvestock Quality seed of Improved
vanetles IS a key element m Improved productIon of forage and pasture crops, and
therefore m more efficIent animal nutntlOn Declmmg sol! fertlhty, SOIl erosIon, and
depressed cereal yIelds are also major concerns Pasture and fodder crops play an Important
role m the management of natural resources, but the lack of seed remams a major constramt
m theIr adoption by farmers

Although a consIderable amount of quality seed IS produced for food crops, hardly any
seed of pasture and forage crops IS produced Seed productIon for these crops IS stili far
from meetmg the needs of the regIon, and most countnes rely on Imports Several countnes
have attempted to establish natIOnal pasture and forage seed programs, but WIth only
hmlted Impact DIfficulties are attnbuted to a lack of appropnate seed productIOn
techniques, low crop prodUCtIVIty, lack of adequate extensIon servIces, madequate
mfrastructure for processmg and dlstnbutlOn, and madequate mcentIVes and government
support

NatIOnal pol1cles on seed productIOn, marketmg, and dlstnbutlon also affect the aval!abllity
of pasture and forage seed In fact, most of the aval!able forage seed IS currently produced
by farmers through the mformal sector Where It eXISts, the formal sector provIdes only a
small quantity of seed for a very limIted range of specIes

The InternatIOnal Center for Agncultural Research m the Dry Areas (ICARDA) has
devoted substantIal efforts to promotmg forage and pasture seed In collaboratIOn WIth the
NatIOnal AgrIcultural Research Systems (NARS), actIVIties have been undertaken to
address these problems m WANA through trammg, dlssemmatlOn of mformatlOn, access to
technical knowledge, and prOVISIOn of small quantItIes of seed In addItIOn to promotmg
partIcIpatory research to encourage the adoptIOn of forage and pasture speCIes, ICARDA
has also developed practical technIques to produce and harvest suffiCIent quantitIes of
forage and pasture seed usmg locally manufactured machmery

Wlthm thIS context, ICARDA and the InternatIOnal LIvestock Research Institute (ILRI)
organized thiS workshop to brmg together SCIentiSts from WANA, Sub-Saharan Afnca, and
other parts of the world The purpose of the meetmg was to evaluate progress wlthm the
regIOn, dIscuss constramts limltmg the development of the forage and pasture seed
mdustry, and Identify areas of high pnonty m seed research that WIll contnbute to the
development of the sector, which IS an Important component of the forage system

Prof Dr Adel Beltagy
Dzrector General

ICARDA
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About the Workshop and Proceedings

The workshop was organized Jomtly by ICARDA and ILRI and took place at
Addis Ababa, EthiOpia from 27 to 31 October, 1997 Its purpose was to exchange
ideas, look at ways to resolve constramts facmg forage and pasture seed
productiOn m WANA and Sub-Saharan Afnca countnes, and suggest gUldelmes
on how to strengthen collaboratiOn withm this sector

Papers were presented dunng the first three days of the workshop on a wide range
of tOplCS, from the and rangelands of Turkey to the hlgh-ramfall areas of Troplcal
Afnca The fourth day was devoted to group discusslons, m whiCh the key pomts
ldentified m the preVlOUS three days were debated and recommendatiOns prepared
Discussions on the fmal day centered on formal and mformal approaches to seed
productiOn It was agreed that the two must be more closely mtegrated to mcrease
farmer production and utIhzatiOn of seed.

The workshop provided a valuable forum for SCientists m the regiOn to share
expenences, gather mformatiOn on the current status of national seed programs,
and identify specific techmcal and economiC problems for further mvestigatiOn
The latter constitute the cornerstone of proposals for future collaborative research
between ICARDA and vanous natiOnal and mternatiOnal seed programs.

In both WANA and Sub-Saharan Afnca, research and development on forage
issues are essential and on the mcrease The workshop concluded that lack of
demand is the major constramt to the evolutiOn of better forage and pasture seed
supply systems RecommendatiOns stress the need for partiCipatory research to test
and develop the role of forages m farmmg systems, the need to make the benefits
of forage and pasture crops more obVious to farmers, and the need to broaden
appreciation of the role these crops play m sustamabl1ity issues EXlstmg actiVities
of ICARDA and ILRI should be mamtamed and strengthened where possible In
partiCular, these organizatiOns should aSSist natiOnal governments and NARS by
providmg trammg m forage and pasture seed productiOn, coordmatmg
collaborative research m their respective regiOns, providmg consultancy, and
addressmg weaknesses m the supply system

These proceedmgs contam the papers presented and the recommendatiOns from
the group discussions The papers have been edited for style and content, and some
have been shortened to focus more clearly on the mam theme of the meetmg We
accept full responsibihty for these changes Also, we have mcluded papers from
some authors who were not able to attend the meetmg

The Editors
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ILRI Welcome Address

A. Tall
Actmg ResIdent Director, ILRI, Addis Ababa, EthIopia

Good mommg ladies and gentlemen,

On behalf of the ResIdent Director and the entire staff of ILRI-EthiOpia, I am
pleased to extend to you a smcere and warm welcome to the ILRI campus for this
Jomt ICARDAlILRI semmar on pasture and forage seed productiOn

Forages, espeCially legummous forages that provide high-quahty protem feed to
complement lower-quality crop residues, are important for hvestock productiOn
They are also important m mamtammg soll fertihty and for natural resource
management Despite this, lack of seed remams a constramt to Wider adoption by
farmers Forage seed productiOn is less developed than field crops seed
productiOn, but there are those withm tills group who have expenence WIth the
subject We hope that by exchangmg ideas and looking at ways to resolve
constramts, we wlll be able to promote natiOnal forage seed production m the
regiOn

ILRI and ICARDA have worked together m forage seed productiOn smce 1990
We have developed trammg modules, and held a Jomt workshop on smallholder
seed productiOn m 1994 Now we are holding tills semmar to exchange ideas and
expenences, reView the status of forage seed production, and develop ideas on
how to strengthen collaboratiOn m the future Tills is an activity withm the mter
center trammg program for Sub-Saharan Afnca

GIven the participatiOn of the emment SCientists and practitiOners gathered
together, we are confident that your deliberatiOns Will lead to practical
recommendatiOns for the Improvement of natiOnal forage seed productiOn m the
regiOn



ICARDA Welcome Address

MR. Turner
Head ofSeed Umt, ICARDA, Aleppo, Syna

Good mornmg ladles and gentlemen,

On behalf of the DIrector General, Prof Dr Adel Beltagy, the staff of ICARDA,
and espeCIally the Seed Umt, I would hke to welcome you to thIS meetmg on
forage and pasture seed We thank you for the mterest you have shown m thIS
meetmg and for your efforts m preparmg your presentatIOns I would also hke to
offer our specIal thanks to the staff of ILRI, who made the local arrangements for
our amval and stay on tills fme campus

Of all the Centers of the ConsultatIve Group on InternatIOnal (CGIAR)
Agncultural Research, ICARDA, from ItS headquarters near Aleppo m northern
Syna, serves the dnest regIOns of the world Its geographIcal mandate extends
from Mauntanla m the west to PakIstan and Central ASIa m the east, from Turkey
m the north to EthIOpIa and the ArabIan Penmsula m the south Wlthm thIS large
regIon, total annual ramfall vanes WIth altItude, but seldom exceeds 500 mm, and
m many areas does not achIeve the mmlmum reqUIrement to grow conventIOnal
crops In such harsh enVIronments, the keepmg of hvestock, espeCIally small
rummants, has been a tradItIOnal way of hfe for centunes Ammals can explOIt the
dIfferent feed sources that are avaIlable dunng the year, often by movmg over
large dIstances

ThIS tradItIOnal hfestyle, for both fanners and theIr anunals, IS now under threat,
as more land IS used for conventIOnal crop productIOn or developed m other ways
Large herds of anImals grazmg m dry landscapes call lead to a famlhar pattern of
envIronmental degradatIOn In many dry areas, the natural vegetatIOn cannot
contmue to support the demands bemg made upon It Tills prompts an mterest m
alternatIve systems to Improve feed productIOn WIthout resortmg to mtenslvely
managed feed lots, whIch are often unsustamable because of theIr hIgh water
reqUIrements

Attempts to enhance fodder and pasture productIOn m harmony WIth local fannmg
systems are not easy, espeCIally when grazmg land IS seen as a common resource
However, a sustamed effort must be made to achIeve thIS goal, and Improvmg the
supply of forage and pasture seed can be a major contnbutIOn Of course, the
ecologIcal context IS dIfferent m more tropICal enVIronments, but even there,
populatIOn pressures and land degradatIOn may present problems

ThIS estabhshes the context and purpose for thIS meetmg, whIch we hope you wIll
fmd a valuable OppOrtunIty to exchange mformatIOn and expenences ICARDA

3
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involved m provldmg feed for hvestock, without damagmg the environment,
slffiply WIll not go away Neither are they hkely to be solved sImply by the market,
whIch cannot deal easIly wIth problems of communal resource management There
should be a contmumg commitment by the NARS and the mtematlOnal centers to
achIeve our goals

ThIS meetmg WIll be a step along that road, and I am sure that wIth such
expenence as we have gathered here, we can look forward to a productIve,
sttmulatmg, and enjoyable week

4
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Current Status of Seed Program Development
and Implications for Forage Seed Supply

M.R. Turner
ICARDA, Aleppo, Syna

Abstract

In countnes WIth a well-developed seed mdustry, there are clear dIvISIOns wIthm
the commercIal trade, based on the dIfferent types of crop seed These dIvIsIOns
reflect profound dIfferences m the botallical and economIC charactenstIcs of the
crops, m partIcular the volume/value relationship of the seed Itself, the value and
use of the final product, and the techlllcal complexity of seed productIOn In
countrIes WIth a less well-developed seed mdustry, It IS common to find only the
major staple gram crops mcluded m natIOnal seed projects or programs The more
specialized crop groups are largely neglected, or the demand IS met by seed
Imports, often at considerable cost These emergmg seed mdustnes have been
subjected to major policy changes m recent years as a result of pressure to reduce
government spendmg and liberalize the economy There has also been a keen
mterest m some countnes, and from some donors, to support the mformal channels
of seed supply, whIch have not been mfluenced by the large project mvestments
needed to establish natIOnal programs ThIS paper exammes the place of forage
and pasture seed m developmg countries, wlthm the WIder context of seed supply
systems, and the poliCIes that regulate them It emphasIzes the specIal
charactenstIcs of these seeds due to the diverse ways m whIch the resultmg crops
are used, and the strong SOCIal and envIronmental ImplicatIOns of livestock
productIOn m many countnes, espeCIally where ramfallIs the major constramt

Introduction

The maJonty of the crops used by man are annuals that have to be resown each
season, and for which farmers have to ensure a supply of seed Some purchase
theIr seed reqUIrement from an external source, such as a seed company or
agrIcultural merchant, whIle others use a local source, such as savmg theIr own
seed or buymg from a neIghbor or the local market ThIS was the tradItIOnal means
of seed supply, practiced for many centunes, untIl a seed mdustry evolved WIth
more orgallized channels of seed productIOn and marketmg

These two sources of supply coeXIst m all countnes, and are collectively part of
the seed supply system In the past ten years or so, thIS system has been the subject
of much study and analysIs As a result, we now have a clearer understandmg of
thIS system and the factors that mfluence It However, thIS analysIs has been

7
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almost entIrely concerned wIth the staple cereal crops, whIch are naturally the first
concern In most countrIes

Seed of forage and pasture crops has remaIned a rather small and specIalIzed part
of the system That does not necessarIly mean It IS ummportant, for as we know
lIvestock are a key part ofthe farmmg system In the wIdest sense m many dIfferent
enVIronments However, the productIOn of forage and pasture seed IS technIcally
more dIfficult, and the final delIvery and utIlIzatIOn mechanIsms are also more
complex As a result, thIS seed contInues to be a problem area In many natIOnal
seed programs Its Importance IS constantly acknowledged, but development
remams slow

RecogmzIng these complexItIes, thIS meetIng was arranged to try to brIng together
a wIde range of experIence wIth these crops, and to make some general
recommendatIOns to assIst future development The purpose of thIS paper IS to
Introduce some basIc concepts and defimtIOns, whIch wIll hopefully prOVIde a
framework for later dIscussIOns For convemence, the termforage seed IS used to
cover all the speCIes of grasses and legumes used for feedIng ammals, regardless
of the management system Unless speCIfically stated, the countrIes under
dIScussIon are those of West ASIa and AfrIca whIch have been the subject of
agrIcultural development actIVIties

Development of National Seed Programs

Seed is regarded as a key element m agrIcultural development It IS the means by
WhICh new VarIetIes produced by plant breeders are delIvered from research to
agrIculture At the same time, It IS the materIal used to establIsh a new crop each
year, and the qualIty of the seed determInes how effectively that IS achIeved For
the past 25 years, there have been efforts to establIsh organIzed seed activIties in
VIrtually all countrIes of the regIOn FInance for these actiVItIes has been prOVIded
by external donors, both bIlateral and multIlateral, through the medIUm of
development projects These projects put In place the key elements of a seed
program by prOVIdIng capItal mvestment for hardware such as processmg plants,
stores, vehIcles, and seed testIng laboratOrIes They also Introduced the procedures
for certIficatIOn and seed testIng, often supported by legIslation and regulatIOns
These procedures depended heavIly on the avaIlabIlIty of skIlled staff, so there was
often a substantial traInIng component In seed projects

The objective of these projects was to estabhsh the foundatIOns of a seed
production system A natIOnal seed program usually followed, but was still
domInated by government agenCIes, often USIng parastatal compames to handle the
more commercial operatIOns such as productIOn, dIstrIbutIOn, and marketmg
These actiVItIes were usually drIven by developmental and SOCIal conSIderations

8



and were seldom run on truly commercIal lInes Consequently, It was jIfficult for
the prIvate sector to penetrate thIS market, because seed sold by government
agencIes was effectIvely SUbsIdIzed

ThIS general pIcture IS typiCal of many developmg countrIes and for the staple
cereal and food legume crops One notable exceptIOn IS the hybrId cereals,
especIally maIze, and sometImes sorghum For these crops, the multmatlOnal seed
companIes often have very good materIal at theIr dIsposal, and It IS dIfficult for
natIOnal breeders to compete m terms of quahty Consequently, these companIes
are represented m many countrIes of the regIOn, but theIr actIvIty IS normally
restrIcted to those few crops m whIch hybrId varIetIes are avaIlable Another
exceptIOn IS vegetable seed, for whIch there IS a hIghly-organIzed l'1ternatIOnal
trade supplymg local wholesalers and retaIlers very effectIvely Because of the
greater technIcal speclahzatlOn m producmg thIS seed, and ItS relf:ttIvely hIgh
value, governments have not become mvolved, and there IS usually an open
competItIve market WIth substantIal ImportatIOn

All these developmental actIVItIes were dIrected towards the creatIOn of an
organIzed system of seed multIphcatlOn based broadly on that whIch had evolved
m countrIes WIth a hIghly-developed agrIculture However, the estabhshed seed
mdustrles of Europe and North AmerIca were geared to supply commercial
farmers (often WIth large mechanIzed farms) WIth all theIr external mputs such as
fertIhzer, agrochemIcals, and seed ThIS IS a very dIfferent type of farmmg
communIty to that whIch eXIsts m the developmg countrIes of ASia and Afnca

Consequently, although an organized seed supply system has been esta1:Jhshed, and
m some countrIes works qmte well, It has stIlI not become the major suppher of
seed, as was perhaps enVIsaged when the projects were first mitIated Indeed, there
was sometImes a perceptIOn that Improved seed and new varIetIes would proVIde
the engme that would dnve the rest of agrIcultural development, tut that has
proved dIfficult to achIeve In practIce, the organIzed seed sector prov des a small
proportIOn of the total supply, typICally the more commerCIal farmers md those m
the more acceSSIble areas

Current Status of Seed Program Development

In the 1990s, SIgnIficant changes m the pohtICal and economIC chmate of
development have taken place There IS now an expectatIon that government WIll
be much less mvolved m the productIOn sectors of the economy, and WIll
concentrate on provIdmg a polIcy enVIronment and a phySIcal mfrastructure m
WhICh others, partIcularly the prIvate sector, can expand as the mam producers and
servIce prOVIders This approach IS favored because a competItIve pnvate sector IS
conSIdered to be more effiCIent at managmg commerCIal actIVItIes It IS also true

9



that m many countrIes, government budgets are serIously constramed and simply
do not have the resources to maintam the wIde range of responsIbilItIes they have
mherIted

If thIS ShIft of emphasis is mterpreted m the context of seed, It means that
governments should withdraw from the productiOn and marketmg of bulk certified
seed, leavmg those tasks to the private sector, which should be encouraged to
develop At the same time, governments should create a regulatory framework to
support this development Many countnes withm the regiOn are now engaged in
that tranSition, though at very different stages It should be emphaSized that the
term private sector should be mterpreted broadly to mclude cooperatives, farmers
aSSOCiatIOns, traders, and even NGOs-m fact, any orgamzatiOn or entity except
ministries and parastatal companIes

Although this major transformatiOn of the seed mdustry has strong philosophical
support from development agencIes, m practice, it can be difficult to Implement,
particularly for the self-pollInated gram crops, which mclude most of the major
cereals and legumes For these crops, sowmg rates are high and genetic
deterioratIOn is slow, so farmers often do not see any benefit m spendmg money to
buy new seed each year Instead, they contmue to save seed (i e gram) on the farm
from one season to the next As a result, it is provmg difficult to stimulate mterest
m these seeds withm the prIvate sector because of low profitabilIty and weak
demand Therefore, It seems there will be a contmumg need for government
involvement m the supply of these seeds, at least to provIde a dIffuSIOn mechamsm
for new varIeties generated by research

Partition of the National Seed Supply

Given thIS background, one way to analyze the seed supply system is to consIder
how farmers obtain theIr seed for each sowmg season The total natiOnal seed
requirement for each crop/season consists of the area sown multiplIed by the
average sowing rate Smce both of those figures are relatIvely stable, there IS
probably a consistent quantIty of seed bemg sown each year m any particular
country-but how IS that reqUirement obtamed? One pOSSibIlIty is that seed IS
purchased from the orgamzed seed sector-government or pnvate company
which we now call the formal seed sector The other is that seed is obtamed from
mformal sources close to the farm, either by savmg a part of the crop directly for
sowmg the followmg season or buymg from neIghbors or local traders ThiS IS
represented in FIgure 1
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Figure 1 Major divIsions within the national seed supply system

The defmmg charactenstics ofthe fonnal sector are

• Plannmg the production of crops mtended for seed (as distmct from gram)

• Usmg well-defmed vaneties, usually from plant breeding programs

• Usmg mechanized processmg of the seed crop to lIDprove its quahty

• Sellmg seed m labeled packages

• Providmg some quahty assurance by seed testmg or certIficatlOn

Typically, the mfonnal sector does not do these thrngs m a systematic way,
although it may provide lIDproved vanetIes that are simply mamtamed by fanners,
and there may be some post-harvest cleanmg by simple methods This apphes
particularly to gram crops, where fann savmg IS relatively easy Indeed, perhaps
the key feature of the mfonnal sector is that It does not make a clear distmctlOn
between seed and gram, m practice, gram that remams m stock at the next plantmg
season IS sown as seed

ThiS broad partItlOn of the seed supply is analogous to the concept of market share
by which companies measure therr activities m developed markets Of course, the
equal diViSions shown m Figure 1 do not represent the actual volumes supphed by
each sector The diagram can be easily adjusted for that purpose, and a more
realistic partition for cereal and legume crops m many developmg countnes is
shown m Figure 2
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Figure 2. Suggested partition of the seed supply in many developing countries.

This conceptual partition of the seed supply IS useful m many ways For example,
it may help us to consIder how the pnvate sector can make a greater contnbutIon
by expandmg its activIties at the mterface between the formal and mformal
sectors, where the defmItIOn IS not clear DIfferent developmental approaches and
polIcIes may be needed to support the two supply channels

Characteristics of Forage Seed

All that has been Said so far relates to seed of the major cereal crops, whIch have
been the mam concern of national seed programs and the projects that support
them The same consIderatIOns apply to the gram legumes, except that they are
usually even more problematIc m terms of commercIalIzatIOn, despIte theIr
Importance m the dIet of many poor farmers

However, forage seed IS very dIfferent m several ways TechnIcally, It IS often
qUIte complex, as speCIes are recently domestIcated and retam many
charactenstics of wIld speCIes, such as the early sheddmg of seed at matunty and
vanous dormancy responses As a result, forage seed can be dIfficult to manage m
terms of organIzed seed productIOn practIces In partIcular, It can be dIfficult to
maXImIze seed yIeld WIthout hIgh labor mput, and thIS can lead to hIgh production
costs, or very vanable yIelds

There has been relatIvely lIttle systematic breedmg of these forage crops, most of
the "vanetIes" are sImply selectIOns from wIld populatIOns ThIs may be a
perfectly good Improvement technIque, but It means that Improved selectIOns look
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the same as ummproved forms Indeed, smce the populatIOns are varIable, It may
be difficult to Identify and descrIbe them as VarIetIes

Another ObVIOUS dIfference IS that forage seed has no dIrect use as food, and
unsold seed cannot be diverted to a gram consumptIOn market It IS therefore more
rIsky for the producer and seller, smce the seed IS virtually worthless If not sold for
the mtended purpose

Yet another factor IS that the yield and final benefit of forage crops are generally
expressed m the output of lIvestock, not of crop Forage crops do sometimes have
a cash market as fresh fodder or dry hay, and m some countries of the regIOn,
where lIvestock are kept m urban areas, thiS can be a profitable busmess Even
then, the actual yield and qualIty of fodder are difficult to assess because of the
long duratIOn of the crop Persistence under regular cuttmg or grazmg regimes IS
an Important attrIbute of VarIeties, necessitatmg a long trIal perIod to obtam valId
results In short, the evaluatIOn of forage crops and varietIes, whether m terms of
yIeld or value, IS a much more dIfficult task than for most other crops, which are
harvested only once

The dIversIty of croppmg systems m whIch forages are used adds a further
complIcatIOn to the evaluatIOn of Improved varieties For productIon m managed
forage systems, where the crop IS cut regularly, reasonable measurements of
productIvIty can be made from long-term cuttmg trIals, although without the direct
mvolvement of ammals m the system

When these crops are grown for dIrect grazmg by ammals m the field, assessment
m eIther yield or financIal terms IS very dIfficult, and thiS mdlrectness of benefit IS
a serIous problem Therefore farmers must have great confidence m the
management and control of their land resources to be sure that an mvestment m
seed WIll show a return m Improved lIvestock productIOn over several subsequent
years When used m extensive lIvestock systems, for example, the re-seedmg of
natural pasture or rehabIlItatIOn of degraded land, an objective quantitative
assessment of a particular genotype IS VIrtually Impossible, although one may
assess the overall Improvement m the productiVIty of the system

To summarize, not only IS the productIOn of forage crop seed techmcally dIfficult
and nsky, but there are a number of complIcatmg factors that make marketing
more challengmg than for cereal or gram legume crops The commercial potentIal
of thIS seed IS therefore lImIted, except where a well-developed market eXists to
stock farmers who use managed pasture systems For example, such markets eXist
for Rhodes grass (Chloris gayana) m East Afnca and the Arabian Pemnsula
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International Trade in Forage Seed

Forage seed supply IS a very dIstmct sector of the world seed trade, characterized
by a relatIvely small number of crops, countrIes, and compames Most of the trade
IS m temperate crops such as ryegrass (Lollum spp ), timothy (Phleum spp ), and
clover (Trifollum spp) These speCIes are normally sown m mIxtures m managed
pastures (leys) for conservatIOn, as hay or sIlage, for grazmg, or for a combmation
of purposes There IS also a substantial trade m lucerne/alfalfa The major
producmg countries are Canada, the USA, Denmark, the Netherlands, and New
Zealand This trade IS qUite separate from the other mam seed products, such as
cereals or vegetables, m terms of breedmg, productIOn, and marketmg In fact,
there IS a dIstmct commumty of herbage seed compames reflectmg the partIcular
character of the crops and the trade It IS a very old trade because, unhke cereals,
farmers cannot eaSIly produce seed themselves and rely on purchasmg from
compames

ThIS trade IS strongly cychcal m terms of supply and pnce Because most of the
temperate speCIes are perenmal, farmers do not have to sow every year, and m
tImes of financial stress they may not purchase seed YIelds of seed are vanable,
and there may be occaSIOnal years of very hIgh or low productIOn The combmed
effect of thIS mstabIhty m both supply and demand can be very senous, and
compames that specIahze m thIS seed must be very alert m theIr management of
their stocks At the tIme of wntmg, there IS every SIgn that the trade m temperate
herbage seed m Europe is entermg a penod of low demand Even in the highly
developed mternatIOnal trade, thIS seed IS a separate case, and mvolves specIal
risks for the companies mvolved

Work on the selectIOn and orgamzatIOn of tropIcal forage speCIes IS much more
recent It started m Kenya and Austraha, while latterly Brazil has assumed a key
role The mternatIonal trade m these speCIes IS still relatively small Austraha also
has a major mterest m species such as subterranean clover and mediCS whIch are
used m dry environments Only a small number of speCIes IS traded m SIgnificant
quantities

The Place of Forage Seed in National Seed Programs

NatIOnal seed programs are based around staple cereals, and sometimes gram
legumes. Because of the techmcal problems of productIOn and processmg, and the
difficulties aSSOCiated With marketmg, forage crops WIll normally be a margmal
additIOn to the mam program They wIll be mcluded for developmental and SOCial
reasons, WIth httle commercial potential As natIOnal seed programs move more
towards the pnvate sector, and are dnven mcreasmgly by commercial
consideratIOns, forage seed may become even more vulnerable Managers of
parastatal or newly-pnvatIzed orgamzations, who are gIven clear terms of
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reference to move towards financIal vIabIlIty, may have little mterest m forage
seed wIth all Its problems and uncertamtles Indeed, If the trend towards
commercIalIzatIOn contmues, It IS possIble that forage seed productIOn may be
mcreasmgly margmalIzed because of ItS techmcal problems ThIS IS Iromc, smce
the envIronmental need to reverse overgrazmg and make lIvestock systems truly
sustamable IS at the same tIme becommg ever greater

We may therefore expect to see orgamzed forage seed productIOn (I e m the
formal sector) restrIcted to those crops produced m relatIvely mtenslve managed
systems, often Irngated, such as alfalfa and forage sorghum/Sudan grass Indeed,
there IS a well-establtshed trade m alfalfa seed, on the borderlIne between the
formal and mformal sectors, m several WANA regIOns (along the NIle, for
example, and m the EmIrates)

When orgamzed productIOn of other specIes-vetches and medICS, for example
IS carned out, It IS likely to be withm the context of a development project that
mcludes the management of grazmg land m collaboratIon WIth the local
commumtIes, or for a defined export market

Informal Approaches to Forage Seed Production

Forage crops must be consIdered as part of the larger system of feed supply and
livestock keepmg The nsks of productIOn and the difficuittes of full
commercIahzation all pomt towards local systems m whIch seed productIOn IS an
adjunct to growmg the forage crop There may be partIcular seasons m whIch seed
productIOn IS easy and farmers may harvest an opportumsttc seed crop ThIS need
not greatly reduce bIOmass productIOn, smce there IS a substantIal amount of hay
avaIlable after seed removal by threshmg

There are also sound ecologIcal JustIficatIOns for thIS localtzed approach When
crops are well-adapted to a partIcular enVIronment and produce seed abundantly, a
good baSIS for further seed productIOn and utthzatIOn eXIsts withm the locahty For
the perenmal forage crops, mamtammg selectIOn pressure for perSIstence IS
deSIrable, whereas for the annual speCIes, good seed productIOn and the
accumulatIOn of a substanttal seed bank m the SOlI are key elements of some
management systems Both attnbutes WIll be strongly mfluenced by envIronment
and management system, therefore the productIon of seed In SltU IS a good way to
mamtam selectton pressures on the populatIOn To summanze, these forages are
more strongly endemIc than the typIcal gram crops, and thIS provIdes a sound
Justtficatton for adoptmg a local approach m seed productIOn

SpecIfic management practices may be applied to enhance seed YIeld, and SImple
harvestmg or cleanmg eqUipment may be used to Improve quahty There IS no
need to mtroduce legahsttc quahty control procedures, smce that WIll almost
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certamly impede productiOn On the other hand, there is a role for the monitormg
of seed yield and quahty m order to improve the system. This may resemble an
extensiOn activity, mtended to improve the system progressively through
expenence and mmor improvements It is by defimtiOn participatory, because the
seed growers wlll be farmers, there is httle ment m carrying out sophisticated
work on research statiOns to maXimize yield if the practical apphcatiOn is hkely to
be firmly embedded m local forage productiOn systems

How does this approach to seed productiOn fit mto the formaVmformal concept
illustrated m Figure I? It is essentially informal, m that it does not depend on
offiCial supervision or quahty assurance procedures, and it certamly does not
mvolve the use of well-defined or named vaneties On the other hand, productiOn
may be a planned activity by certam farmers who have a pre-arranged outlet for
the seed to neighbors or a development project This type of productiOn system SitS
close to the boundary between formal and mformal Although it leans more
towards the mformal, it may be possible for a group of farmers to associate m
some way to become regular supphers, m whiCh case it might resemble a more
formal system

Clearly, these defimtiOns, although useful, cannot be preCise It may be possible to
make a local system more secure if it can be formahzed and mstitutionahzed to
some extent One of the mtrmsiC weaknesses of local commumty efforts is that
they often depend on the enthusiasm of one or two keen mdividuals, and do not
have a sustamable place withm the SOCiOeconomiC system In additiOn, they may
depend on external fundmg from projects and may thus break down when funding
is withdrawn For this reason, an element of economiC analysis should be mcluded
in these plans to understand their economiC sustamabihty as well as their
environmental and social impacts

The Impact of Legislation

I have already mdiCated that legislatiOn and regulatiOn need not be apphed to these
local seed production mitiatives, but this perhaps deserves further comment The
seed regulatory system apphed m most developmg countnes is broadly denved
from the system that ongmated and still eXists m North Amenca and Europe It
evolved with the clear purpose of protectmg consumers (farmers) from
unscrupulous traders, and has had the effect of ralSlng standards to a level where
farmers expect and receive seed of very high quahty Not only is seed quahty
assured, but also the agronomic ment of vaneties through the systematic
evaluatiOn and registratiOn of new varieties before they are Widely multiphed and
distnbuted
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Although there IS some cntIcIsm and reappraIsal of seed and varIety regulatIOns,
WhICh can have negatIve effects, there IS stIll a broad acceptance of theIr value for
the mam agncultural crops, and certamly for the commercIal seed sector
However, for forage crops the posItIOn IS less clear The standards of seed qualIty
(punty and germmatIOn) that can be achIeved are often qUite low, and germmatIon
assessment can be greatly complIcated by dormancy Therefore, the applIcatIon of
ngid standards can make forage seed productIon more dIfficult LIkewIse, the
concept of cultlVar punty IS not well-defined m these speCIes, we usually have
lIttle more than selectIOns that are stIll varIable populatIOns Attempts to define
these populatIOns can be futIle, smce some vanabilIty IS an asset under the actual
condItIOns m WhICh the matenal WIll be used To summanze, It IS very Important
to recognIze the speCIal attributes of forage speCIes, so that they can be excluded
from, or gIven speCIal status wIthm, natIonal seed laws

Thankfully, the controversIal legIslatIve Issue of plant vanety protectIOn does not
at present Impact on these seeds m developmg countrIes The vanabilIty of the
matenal and the lack of pnvate sector mvolvement mean that there IS no pressure
for such protectIOn

Conclusion

We need to thmk m terms of the overall system of seed supply for forage seed, not
SImply the techmcal problems of seed productIOn, although they are certamly
Important The way m whIch thIS system works, m any partIcular locatIon or crop,
depends on a mIX of techmcal, economIC, and polIcy factors, all of whIch can
mteract EconomIC factors are Important m terms of sustamabilIty and whether the
system can contmue to operate WIthout external aSSIstance from a project or
government Relevant polIcy Issues mclude encouragement for the pnvate sector,
the support gIven to natIonal productIOn m place of Imports, and conservatIon
strategIes for natural resources WIth forage seed, there also the major socIal
dImenSIOn that results from tradItIOnal patterns of lIvestock keepmg and the
management of grazmg land at the commumty level
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ICARDA's Approach to Promoting
Forage and Pasture Seed Production

in West Asia and North Africa

M. Bounejmate, L. Grass and S. Christiansen
ICARDA, Aleppo, Syna

Abstract

In most West ASIan and North Afncan countnes, forage and pasture seed
production IS msufficiently developed Although several speC1es have been
recommended for the sustamable use of the regIOn's natural resources, the1r
adoption 1S 1mpeded by lack of seed InstitutIOnal, techmcal, and economIC
constramts prevent the passage of promismg locally-adapted matenal from the
evaluation stage to on-farm testmg or broad scale re-seedIng of the rangeland To
tackle these problems and to alleViate some techmcal constramts, the International
Center for Agncultural Research m the Dry Areas (ICARDA) has mvested m the
development of human resources, and m the elaboratIOn of new concepts and
techniques m forage and pasture seed productIOn Substantial efforts are bemg
devoted to strengthenmg national seed programs through trammg, dissemmatIOn
of mfonnatIOn, networkmg, and organIzatIOn of local, regIOnal and mternatIonal
semmars and workshops In addItion to the promotIOn of a partICipatory research
approach to encourage the adoptIOn of forage and pasture speCIes, ICARDA has
developed a functIOnmg methodology to produce and harvest suffic1ent quant1tIes
of forage and pasture seed usmg locally-manufactured machmery The creation of
small seed processmg umts WIll allow fanner cooperatives to produce their own
locally-adapted pasture seed mIxtures outSIde fonnal seed mdustry channels
Furthennore, ICARDA IS conductmg a program of seed multIphcatIOn With the
aIm of supplymg natIOnal seed programs With seed of 1mproved vanetIes, and
lmk1ng gennplasm development WIth seed technology

Introduction

Lack of seed at the farmer level IS still an important constramt to mcreased
hvestock product1vity m West ASia and North Afnca (WANA) Research has
resulted m the 1dentIficatIOn of adapted forage and pasture matenal that would
rapIdly Improve fann profitabIhty through 1tS use m meat and milk production
(BouneJmate et al. 1997) Lack of seed productIOn, however, prevents the passage
ofpromIsmg locally-adapted matenal from the evaluatIOn stage to on-fann testmg
and broad-scale plantmg (ChnstIansen 1993)
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Forage and pasture seed productIOn m WANA IS msufficlently developed
Governmental organizatIOns for seed multIphcatlOn deal mamly With field crop
speCies, and seed producers are not mterested m producmg small volumes of
forage seed with low profit margms and uncertam markets Most WANA countnes
stdl rely on Imported seed for pasture and forage crops For mstance, Morocco
Imports most of ItS alfalfa seed, and both Morocco and Tumsm regularly Import
oat seed Unfortunately, lIDported cultlvars are often not well-adapted to local
conwtIOns, and demand more mtenslve management

ICARDA IS committed to strengthenmg natIOnal seed programs and removmg or
allevmtmg constramts facmg the forage and pasture seed sector m WANA
ICARDA stresses mvestment m the development of human resources, and the
elaboratIOn of new concepts and techniques m forage and pasture seed productIOn

Training

Constramts m seed programs often stem from a lack of sufficlently-tramed seed
technology personnel From ItS mceptlon, ICARDA's Seed Umt has been mvolved
m teclmology transfer and human resource development throughout WANA

The Seed Umt IS the only speclahzed seed center m the CGIAR system where seed
productlOn Issues are addressed, and practical seed technology courses are taught
Trammg courses cover diverse aspects of forage and pasture seed-related activIties
such as research, multlphcatIOn, dlstnbutlOn systems, organizatIOn, certificatIOn,
quahty, etc It organizes m-country and reglOnal courses as well as courses at ItS
headquarters It collaborates With univerSIties, e g the Umverslty of Jordan m
Amman The ICARDA trammg approach mc1udes (1) mdlvldual trammg, where
participants are exposed to different aspects of seed productIOn, (n) regular and m
service trammg, mmed at satlsfymg seed productlOn trammg needs m WANA, (m)
tram-the-tramers courses, an approach that allows decentrahzatlOn of trammg
actiVIties, qmck amphficatlOn and dlssemmatIOn of mformatIOn, and sustamable
human resource development (tramers remam as core specmhsts who are expected
to transfer the knowledge they acqUlre and act as resource persons m the
coordmatlOn and organlzatlOn of trammg activIties at the natIOnal and reglOnal
level), (IV) trammg semmars, organized for the benefit of semor staff on neglected
tOPiCS such as the management of seed programs and small-scale seed productIOn,
(v) workshops, round-table dlscusslOns, and meetmgs where speclahsts address
speCific problems, Identify major constramts, draw up recommendatlOns, and
momtor ImplementatIOn, (Vl) graduate trammg leadmg to a degree (PhD or MSc)
m seed teclmology, (vn) course cumcula development for universIties and
agncultural mstltutes m the regIOn (the best way to mtroduce students to the
profeSSIOn of seed technology and to bul1d up a core ofpotential seed people m the
country), and (vm) development oftrammg matenals

19



Dissemination of Information

To facilItate expenence shanng and support research and development, ICARDA
plays an Important role m coordmatmg the collection and mssemmatIon of
mformatIOn Wlthm WANA. ICARDA has developed several manuals, aumo
tutonals, and slIde senes wmch are dlstnbuted free of charge to seed productIOn
and research staff m WANA A large amount of thIS matenal IS m EnglIsh, but
much can be found m other languages. The followmg documents related to forage
and pasture seed productIOn have been emted and mstnbuted to the NARS (see
references)

• Manual for the ICARDA Pod Sweeper (ArabIC and EnglIsh verSIOns)

• Manual for the ICARDA Roller (ArabIC and English verSIOns).

• Manual for the Malctabl!ICARDA Thresher (ArabIC and EnglIsh verSIOns)

• A Memc Sweeper and a Thresher Help Farmers Produce Pasture Seed

• Seed ProductIOn by Smallholder Farmers.

• Seed ProductIOn Technology (French and EnglIsh verSIOns)

• Seed productIOn m and for MedIterranean countnes

• Seed SCIence and Technology

• Trammg module' TropICal Forage Seed ProductIOn ICARDAlILCA

Networking

In addItion to Jomt efforts WIth mmvldual countnes, ICARDA also faCIlItates
contact between countries wlthm and outSIde WANA Semmars and workshops,
aimed at the exchange of expenences and mformatIOn on pastUle and forage seed
productIOn between WANA and the mtematIOnal communIty, are organIzed
regularly Such forums help Identify polIcy, regulatory, mstltutIOnal, and technICal
constramts hmltmg the development of the sector, and suggest measures and
strategies to remove or alleVIate these constramts.

To strengthen ItS contacts, ICARDA's Seed Urnt establIshed a WANA seed
network m 1992, WhICh lInks the natIOnal seed programs of the regIon The aIm of
the network IS to strengthen natIOnal seed programs and stimulate exchange and
trade among the countnes m the regIOn.

In 1997, ICARDA coordmated the creation of an 'Oat and Vetch Network m the
Maghreb' to strengthen exchanges among North Afnca countnes and to contnbute
to the development of the seed productIOn sector Both oat and vetch play a
strategIC role m the regIOn, and the establIshment of thIS network WIll help
overcome the problem of madequate feed supplIes for the mcreasmg lIvestock
populatIOns
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New Concepts and Techniques

Participatory Research to Promote New Species

One of the stnkmg features of forage and pasture productiOn m WANA IS the
hmited number of cultIvated speCIes and adapted vanetIes Because dIfferent soIl
types, cllID.ate, and productiOn systems abound m the regiOn, more speCIes and
genotype dIverSIficatiOn IS needed

In most WANA countnes, extenSIve research has been conducted and
recommendatiOns made concemmg new forage and pasture speCIes Farmers do
not ask for seed of these new speCIes because they do not realIze theIr potentIal
The adoptIon rate IS further hmdered by lack of seed Seed producers are not
mterested m producmg small volumes of seed WIth low profit margms for an
uncertam market Tills attItude can only be changed If farmers and seed producers
realIZe the value of the new matenal

ICARDA has adopted a partIcipatory research approach to demonstrate that new
forage and pasture speCIes and cultIvars are valuable to farmers ThIS means that
farmers collaborate WIth researchers throughout the research process, resultmg m
frequent modIficatIon of deSIgn and method to meet theIr needs Such an approach
has been successful m Syria, where SIgnificant progress has been made m
promotmg pasture speCIes (GhassalI et al 1997) It enables researchers to work
WIth farmers to overcome SOCiOeconomIC constramts to adoptIon at the farm level,
and mcreases real demand for seed, whIch attracts the mterest of commerCial seed
producers

Development of Small-scale Machinery

Machmery and processmg umts to produce seed of recommended pasture speCIes
do not eXIst at the local level Governmental organIzatiOns for seed multIphcatiOn
currently deal only WIth field crops Furthermore, Imported vanetIes are often not
well-adapted to local condItiOns and demand more mtensive management
Therefore, seed productiOn must be done at the farm or farmer cooperatIve level

To alleViate some of the technIcal problems slowmg the process of seed mcrease,
ICARDA has mvested m the development of practIcal methodologIes to produce
and harvest a suffiCIent quantIty of forage and pasture seed usmg locally
manufactured machmery The creatiOn of small seed processmg unItS WIll allow
farmer cooperatIves to produce therr own locally-adapted pasture seed mIxtures
outside establIshed seed mdustry channels.
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Medicago spp. Seed Production

In 1990, ICARDA began a program to develop small machines that could be used
for seed harvestmg and processmg on small farms (Chnstiansen 1993) Two
machmes were developed that allow farmers to harvest and thresh the pods of
mediC cultIvars that show promise for improving sown pastures The machmes are
simple, but the concept of startmg a farmer-controlled seed mdustry m WANA is
revolutiOnary

The first is the mediC sweeper In the past, farmers have not harvested pods simply
because it was too time consummg and difficult The mediC pod sweeper makes
the task manageable It has no engme and is pushed by hand, like a manual
lawnmower

Once the pods are collected, the seed must be threshed out of the pods Thus, a
mediC thresher was developed Jomtly by ICARDA and the Maktabi Manufactunng
Company m Aleppo, Syna The MaktabJ1lCARDA thresher is a portable seed
thresher capable of rapidly threshmg pods for a range of mediC species It yields
more than 85% clean, unbroken seed

The machmes were manufactured from 1990 to 1994, and prototypes were sent to
cooperators m WANA, m part through the aSSistance of the IFAD/AFESD
MashreqlMaghreb Development Project It is our mtentiOn to commumcate our
research results to others m the regiOn ThiS mterchange of ideas Will improve the
machines and lead to improved seed processmg and a fuller use of locally-adapted
seed to improve rangelands as well as pasture and cereal rotatiOns

Vetch Seed Production

On-statiOn and on-farm expenments m El Bab district of Aleppo Provmce m
northwest Syna have shown that vetch is a promismg speCies for improvmg
farmmg systems But seed productiOn is a real bottleneck to the Wide adoptiOn of
this forage legume No machmes are aval1able m Syna for mechamcal harvestmg
of vetch Hand harvestmg is not economical because labor is scarce and expenSive
at the time of the harvest Mechamcal harvestmg is an optiOn if effiCient practices
can be developed

To tackle thiS problem, ICARDA mitIated a project to develop a sustamable
methodology for vetch seed productiOn Locally-constructed rollers to level the
seedbed, and mowers to cut and swath the mature crop were tested. The
availability of these rollers and mowers has added to the farmers' growing
enthUSiasm about vetch In 1991, only two farmers grew a total of about 6 ha of
vetch The number of farmers growmg vetch mcreased to 174 m 1997, With a total
area of about 420 ha

22



Use of Medic Pods

To develop slillple ways of helpmg farmers create Improved medIC pasture,
ICARDA conducted expeflillents to study the posslblhty of sowmg mtact medIC
pods mstead of seed Sowmg pods IS much cheaper and sImpler than sowmg seed

In dry areas WIth annual precIpItatIOn between 200 and 300 mm, where the chance
of memc establIshment faIlure IS hIgher than the chance of success, farmers can
sow pods dIrectly to mmlillize the nsk of total seed loss If a drought occurs dunng
estabhshment Over the course of several years, medIC plants wlll bulld up a seed
bank m the solI

Expenments conducted m both Syna (Beaufils 1996) and Lebanon (Mltn 1997)
show that sowmg pods can secure the first regeneratIon of medIC by reducmg the
nsk of seedlmg loss ThIS IS slgmficant m the regIon because of frequent drought
and false breaks A sowmg denSIty of 150 kg podslha proved to be enough for
satIsfactory pasture regeneratIOn

Seed Multiplication

The Seed Vmt at ICARDA IS conductmg a pre-release seed multIphcatlOn and
dlstnbutlOn program at Tel Hadya farm Seed productIOn of promlsmg lmes IS a
routme actIVIty aImed at producmg llillited quantItIes of breeder seed for
mstnbutlOn throughout the regIOn for research and seed multIphcatlOn Moreover,
multlphcatIon fields are used as a source of mformatlOn for the breeders, and as
support for the Seed Vmt's trammg actIVItIes. The amount of forage seed
produced between 1992 and 1997 IS shown m Table 1

Table 1

Crop

Forage seed production (kg) at Tel Hadya (1992-1997)

1992 1993 1994 1995 1996 1997

MediC
Vetch (Vlcla and Lathyrus spp )
Total

76 215 323 145
300 1,700 500 520
376 1,915 823 665

1,170
745

1,815

26
750
776

Prospects

The resource base for tradItIOnal lIvestock ralsmg m WANA has come under
senous pressure, and large feed defiCIts are projected (Nordb10m and Shomo
1995) WIth rangelands stocked beyond capaCIty, anImal dIets WIll shIft toward
greater use of crop reSIdues, concentrates, and forage and pasture productIOn
ICARDA wlll play a key role m promotmg forage and pasture productIOn, and
mitIatmg the supply-and-demand cham for seed More emphaSIS WIll be placed on
a partICIpatory approach to make the benefits of forages more ObVIOUS to farmers
and to ensure that research IS a response to need
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Parttcular attentIOn WIll be gIven to small-scale seed systems Efforts aimed at
developmg functIonmg methodologIes for the productIOn and harvest of sufficient
quanttties of forage and pasture seed at the fann or cooperatIve level WIll contmue
This will allow fanners to produce theIr own locally-adapted pasture seed mIxtures
outsIde establIshed mdustry channels

ICARDA's Seed UnIt WIll focus ItS trammg acttvities on thIS neglected area,
whIch mcludes how to lInk these systems to the fonnal sector

Dissemmatton of mfonnatIOn WIll be remforced InfonnatIOn on how to produce
forage and pasture seed IS scarce, often resultmg m poor yIeld or qualIty The
current trend IS to develop seed productIOn packages and to document the avaIlable
mfonnatton m non-technIcal, easy-to-use publIcatIOns, deSIgned to be
understandable and helpful to both fanners and seed producers

Efforts devoted to brmgmg together the seed programs of the regIOn WIll contmue
through the organIZatIOn of workshops mvolvmg the regIOnal NARS

The seed mdustry IS undergomg major structural changes, and more training IS
needed on neglected areas such as management of seed programs, small-scale seed
productton, seed business plannmg, and seed marketing Furthennore, the mfonnal
seed sector, or fanner-to-fanner exchange, reqUIres tramed seed growers and
fanners to guarantee the alternattve seed supply More efforts are needed, and the
ICARDA Seed UnIt has a SIgnIficant role to play m trammg withm WANA
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ILRI's Role in Promoting Forage
Seed Production

J. Hanson and A. Tedla
ILRI, AddIS Ababa, EthIopIa

Abstract

Research at ILRI has shown the value of mcorporatmg forages and fodder speCIes
into sustamable farmmg systems, but the lack of aVailable seed of adapted forage
matenals remams a major constramt to theIr adoptIOn by smallholder farmers
TechnIcal knowledge, access to seed, and economIC mcentIves are essentIal
Recogmzmg the need to promote access to forage seed, ILRI (formerly ILCA)
establIshed a Herbage Seed Umt m 1989 to address the problem m Sub-Saharan
Africa and enhance the mcorporatIOn of forages m feed resource development It
was envIsaged that thIS would be achIeved by strengthenmg natIOnal capaCItIes to
produce forage seed, and trammg SCIentIsts and technIcIans. ThIS actIvIty has now
been expanded to provIde a source of tropIcal forage seed for the establIshment of
national forage seed productIOn m many countnes Past and current actIvItIes m
forage seed productIon at ILRI are presented, and future plans for servmg ILRI's
global mandate are dIscussed

Introduction

One of the major constramts lImItmg Improved lIvestock productIOn m Sub
Saharan Afnca IS the lack of hIgh-qualIty feed to supplement low-qualIty but more
abundant crop reSIdues Legummous forages are an Important source of hIgh
quality protem feed and have conSIderable potential for sustammg crop-lIvestock
systems m Sub-Saharan Afnca In addItIon to theIr use as lIvestock feed, they also
prOVIde fertIlIzer when used as a green manure, and mcrease SOlI fertIlIty through
mtrogen fixatIOn Both forage legumes and grasses, used for SOlI stabIlIzatIOn and
soIl water management, are also Important m natural resource management
However, avaIlabIlIty of seed of adapted forage matenals remams a major
constramt to theIr adoptIOn by smallholder farmers The InternatIOnal LIvestock
Research InstItute (ILRI), formed m 1995 by mcorporatmg the research programs
of the InternatIonal LIvestock Center for Afnca (ILCA) and the InternatIOnal
Laboratory for Research on Ammal DIseases (ILRAD), has developed several
technologIcal mterventIOns for feed and feedmg systems mvolvmg forages
AvailabIlIty of forage seed IS essentIal to support these ongomg actIVItIes at the
smallholder level TechnIcal knowledge, access to seed, and economIC mcentIves
are essentIal for the adoptIOn of forages by farmers
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Recogmzmg thIS need, ILCA sought to establish a Herbage Seed Umt to develop
appropnate seed productIOn techmques and strengthen natIOnal capacIty m Sub
Saharan AfrIca m herbage seed productIOn In 1988 an agreement was sIgned WIth
the SWISS Agency for Development CooperatIOn to fund herbage seed actIvItIes
over a five-year penod

The Herbage Seed Unit was established to enhance the mcorporatIOn of forages in
feed resource development m Sub-Saharan Africa by promotmg avaIlabIlity of
forage seed It was envisaged that this would be achieved by strengthenmg
natIOnal capacities to produce forage seed In late 1988 an actIOn program for seed
productIOn was developed through a project plannmg meetmg ProductIOn of basIc
seed, establIshment of regIOnal seed productIOn faCIlIties, development of forage
seed productIOn technologies and systems, Improvement of seed qualIty, and
research on marketmg and polIcy constramts were IdentIfied as Important research
areas Transfer of technology through trammg and prOVISIOn of mformatIOn to
SCIentIsts m natIOnal programs were also Identified as essential actiVIties

Support of National Seed Production

Over the course of the project (1989-1993), major emphaSIS was placed on
establIshmg baSIC seed productIOn to supply seed to the regIOn, and on bUlldmg a
broad mformatIOn base to support natIOnal seed productIOn efforts Although
several forage species were Identified as promISIng for use as lIvestock feed (Table
1), there was little mformatIOn available about their seed productIOn potential m
different enVironments, or on methods for seed harvestmg, threshmg, and storage
InformatIon on the major forage grasses and legumes was collected on fact sheets
and made avaIlable m a workmg document (ILCA 1994a) Seed and mfonnatIOn
on how to manage It are now bemg distributed, With the object of estabhshmg
natIOnal seed productIOn activity

Much of the forage seed m Sub-Saharan Afnca IS produced on a small scale by
fanners who may, as opportumty pennlts, use a good season to harvest seed
(Hanson 1994)

It IS not economical or practIcal for such small-scale producers to mvest m
speCialIzed eqUIpment EqUIpment deSigned for other crops was tested to assess ItS
capacity and effiCiency for forage seed In additIOn, SImple seed processmg
eqUIpment was Identified and adapted for use With a range of forage speCIes
RecommendatIOns were developed for eqUIpment and methods for threshmg,
cleaning, and scarrfymg a range of seed (Ephraim 1997) InformatIOn on
constructIOn of SImple seed processmg eqUIpment was also proVIded to NARS
SCIentIsts
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In addttIon to the provlSlon of seed and mformatIOn, ILRI IS also mvolved m
forage seed production trammg A senes of trammg matenals was developed,
includmg a forage seed production trammg manual (ILRI I994b), and courses
were held for technIcIans and graduates Recent courses have concentrated on
practical aspects for technIcIans In EthIOPia, a splIt trammg course IS offered, wIth
the first part, concentratmg on plantmg and management, Just before the plantmg
season The tramees carry out theIr own seed production at theIr local station,
returnmg to ILRI at harvest time to dISCUSS and solve problems faced dunng the
growmg season and complete the second part of theIr trammg on harvestmg and
processmg When feasIble, ILRI staff pay a SIte VISIt to the tramees dunng the
growmg season to provIde adVIce and support

Table 1. Number of promising species for use in major agro-ecologlcal zones In Sub
Saharan Afnca.

Species

Browse
Grass
Legume
Total

Semi-arid

4
5

13
22

Sub-humid/humid

4
9

34
47

Highland

4
3

25
32

Total

12
17
72

101

ILRI Policy on Seed Production and Distribution

ILRI endeavors to provIde, WIthout charge, sufficIent forage seed to sow up to one
hectare per acceSSIon for pre-baSIC or mitIal seed multiplIcation, for a lImIted
range of promIsmg acceSSIons, dependmg on stock. Each year a lIst of avaIlable
material is proVIded on request In return for thIS servIce, ILRI requests the
prOVISIon of mformatIon. ThIS allows the selectIOn of appropnate genotypes for
the mtended enVIronment and use

Some of the genotypes come from the ILRI forage germplasm collection ThIs IS
maintamed under the auspIces of FAO, as part of the mternatIonal network of ex
Sltu collections proVIded for m ArtIcle 7 of the InternatIOnal Undertakmg on Plant
GenetIC Resources ThIS germplasm IS held m trust by ILRI, whIch has undertaken
not to claIm legal ownershIp over It, nor to seek any mtellectual property nghts
over the germplasm or related mformatIOn To ensure contmued free avaIlabIlIty
of deSIgnated germplasm, ILRI has also agreed to pass on the same oblIgations to
all future reCIpIents of deSIgnated germplasm Requesters are asked to SIgn an
order form agreemg to these condItions before seed IS supplIed Other genotypes
are named cultivars and are not subject to these condItions

ILRI does not guarantee the safety, qualIty, VIabIlIty, or punty (genetic or
mechanIcal) of the germplasm, or the accuracy of passport or other data provided
with it. It IS the reCIpIent's responSIbIlIty to comply WIth the biosafety and Import
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regulatIOns and any other rules governmg the release of genetIc matenal WhIch are
applIed by the recIpIent country

Regional Forage Seed Production

All of the early work on forage seed productIOn withm ILRI focused on Sub
Saharan Afnca, and despIte the actIvItIes of the Herbage Seed Umt, forage seed
productIOn remams poorly developed m the regIOn Many natIOnal seed producers
lack the basIc seed to begm seed productIOn actIvItIes and do not have the
resources to Import forage seed There IS almost no forage seed productIOn m Sub
Saharan AfrIca, although several projects are underway, supported by NGOs and
aId agenCIes, and some actIVItIes are carned out by government extenSIOn servIces.
Most forage seed, such as Stylosanthes seed m NIgena, IS currently produced m
the mformal seed sector by farmers (AgiShi 1986) In a few countrIes, such as
Kenya, Zambia, and ZImbabwe, commercIal compames produce seed for a very
lImIted range of speCIes ThIS lack of forage seed IS one of the constramts that
keeps farmers from adoptmg forage cultIvatIOn m mIxed farmmg systems for
lIvestock supplementatIOn, even when economIcally feaSIble

At the formatIOn of ILRI m 1995, the mstitute took on a global mandate and began
to look at ways to work more closely wIth mstitutes m other regIOns to promote
forage seed productIOn Forage seed productIOn m Latm AmerIca and the
CarIbbean IS much better developed than m Sub-Saharan AfrIca, due to active
regIOnal networkmg m forage germplasm from CIAT Many natIonal programs m
that regIOn have already establIshed seed productIOn programs (Ferguson 1994)
and there are several commercIal compames whIch produce seed on a large scale
ThIS IS partly due to the demand for seed to establIsh Improved pastures
Brachwrw IS a major grass used m the area, and IS sown on over 50 mIllIon
hectares m tropIcal AmerIca (MIles et al 1996) Over 82,000 tonnes of seed are
produced m BraZIl annually to meet market demand for seed of thIS speCIes
(Cardozo 1994)

Forage seed productIOn IS also more developed m ASia, where the major producmg
countrIes are Thailand and Chma In 1995, farmers produced over 10 tonnes of
seed of the grasses Brachwrw rUZlZlenSlS and Panzcum maJClmum and the legumes
Stylosanthes hamata and S gUlanensls through contract seed productIOn m
ThaIland (PhaIkaew et al 1997) IndoneSia, MalaYSIa, Lao PDR, and the
PhilIppmes are also producmg smaller quantItIes of seed for a range of speCIes.
Most forage seed productIOn m ASia takes place on small farms, except for China,
where state farms dommate
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Future Outlook

InternatIOnal centers have no comparative advantage or capacIty to provide the
quantIties of seed needed for natIOnal forage productIOn To meet farmer needs,
seed productIOn must be carned out In national programs or by commercial seed
companIes However, natIOnal programs may lack traIned staff and funds to
produce theIr own seed The proVISIOn of free seed IS also a dISInCentIve to
commercIal seed producers ILRI should work closely WIth natIOnal programs,
through regIOnal networks, and WIth ILRI forage and eco-reglOnal programs, to
focus efforts on strengthenIng natIOnal capaCItIes to produce forage seed ThIS
should be done by

• DevelopIng and strengthenIng regIOnal seed productIOn facIlIties and InvolVIng
smallholder farmers so that they become self suffiCIent In proVIding forage seed
for the regIOn

• TraInIng the traIners to promote natIOnal and regIOnal traInIng of extensIOn
workers and teChnICIanS

• DISSemInatIng InfOrmatIon on tropical forage seed productIOn and developing
trainIng materIals for use In natIOnal seed productIOn programs.

Technical backstoppIng, IncludIng assessment of new forages and productIOn
techniques, and the productIOn of baSIC seed of new matenals

In response to requests from forage research and development workers, future
Involvement of ILRI In forage seed productIOn wIll be demand-dnven GIven
ILRI's global mandate, regIOnal balance IS sought to support natIOnal programs,
although conSIderable emphaSIS wIll be gIven to Sub-Saharan Afnca because of
the lack of forage seed productIOn activity there Much of thIS collaboratIOn wIll
be through eXIstIng forage networks to further strengthen capaCIty ILRI wIll also
work In partnershIp with ItS NARS colleagues as part of collaborative projects to
ensure that seed productIOn IS an Integral part of forage and feed research and
extenSIOn

National polICIes on seed productIOn, marketIng, and dIstnbution also affect the
availabilIty of forage seed PolICIes whIch Impact adoptIOn of forages by
smallholder farmers have the most effect on demand for seed, whIle pricing and
marketing polIcies effect supply ThIS WIll be an Important area of research, as a
part of systems analySIS and Impact assessment ILRI research In the lIvestock
sector and In natural resource management wIll also conSIder polICIes that effect
the avaIlabIlIty and productIOn of forage seed by smallholder farmers

30



Acknowledgments

The authors would hke to thank the SWlSS Agency for Development Cooperation
for ltS support rn estabhshrng the Herbage Seed Umt and for forage seed
productlOn rn Sub-Saharan Afnca

References

Aglshl, E 1986 A smallholder approach to Stylo seed productIOn m Nlgena Pages 523
532 In Potentials of Forage Legumes m Farmmg Systems of Sub-Saharan Afnca (I
Haque, S C JUtzl and P J W Neate, eds) Proceedmgs of a Workshop held at
ILCA, Addls Ababa 16-19 Sept 1985 ILCA, Addis Ababa, EthIOpia

Cardozo, E P 1994 ProducclOn y mercadeo de smilla de forrajeras troplcales en SEMEL
Ltds, Brasil Pages 291-306 In Semdla de Especles Forrajeras Troplca1es
Conceptos, casos y enfoque de la mvestlgaclOn y la producclOn (J E Ferguson, ed )
CIAT, CalI, Colombia

Ephraim, A 1997 Cleanmg of chaffy tropical grass seeds problems and solutIOns In
Proceedmgs ofa Semmar on Seed Technology, 1-12 Dec 1996 ICARDA, Aleppo,
Syna (unpublIshed)

Ferguson, J E (ed) 1994 Semilla de especles forrajeras troplcales conceptos, casos y
enfoque de la mvestlgaclOn y la producclon CIAT

Hanson, J (ed) 1994 Proceedmgs of ILCNICARDA Research Planmng Workshop on
Seed ProductIOn by Smallholder Farmers, AddiS Ababa, Ethiopia, 13-15 June 1994
ILCA, AddiS Ababa, EthIOpia

ILCA (InternatIOnal Livestock Center for Afnca) 1994a Tropical forage seed production
management Workmg Document No 25 ILCA, AddiS Ababa, EthIOpia

ILCA (InternatIOnal Livestock Center for Africa) 1994b Forage Seed ProductIOn Trammg
Manual ILCA, AddiS Ababa, EthIOpia

Miles, J W , B L Maass and C B do Valle (eds) 1996 Brachwna biology, agronomy,
and Improvement CIAT and Empresa Brasllelra de PesqUisa Agropecwina/Centro
NacIOnal de PesqUisa de Gado de Corte (EMBRAPNCNPGC), CalI, Colombia

Phalkaew, C, L Guodao. A Abdullah, M Tuhulele, E Magboo, B Bouahom and W
Stur 1997 Tropical forage seed production m Southeast ASia Current status and
prospects XVIII InternatIOnal Grassland Congress, Wmmpeg, Mamtoba and
Saskatoon, Saskatchewan, Canada 8-19 June 1997

31



Tropical Forage Seed Supply:
Status and Systems

J.E. Ferguson
Gymple, Australia

Abstract

The concept of forage seed supply systems is mtroduced, and some basic
components and processes of such systems are defined The three major systems,
termed conventlOnal, tradltlOnal farmer-saved, and mtegrated commumty-based,
are descnbed bnefly The challenges of seed supply systems for smallholders are
reviewed An attempt IS made to provIde an overvIew of the developmental
contmuum withm the tropical forage seed mdustry The best example of a mature
industry IS Queensland, AustralIa, where the markets, both domestic and export,
are open In Latm Amenca, countnes are at all stages of the development
contmuum Examples are drawn from BrazIl, BolIvIa, Peru, and ColombIa, with an
emphaSIS on mstItutIOnal roles The workmg enVironment withm forage seed
projects IS dIscussed Included are tOPICS and mechamsms such as economic
demand for seed, the role of forages, applIcatIOn of market forces, alternatIve
procurement mechamsms, the use of rotatmg funds, IdentIficatIOn of the project
nucleus and champIOns, and relevant lInkages, etc

Introduction

Forage seed systems are extremely dIverse, and the scope of vanatlon IS broad
Each country IS at a dIfferent stage of development m terms of a particular product
range, SOCIOeconomIC cIrcumstances, pnontIes, and aspIratIOns ThIS paper
prOVides snapshots of the status of seed systems m AustralIa and parts of Latin
Amenca, discusses the long and wmdmg Journey down the development
contmuum, and prOVIdes relevant references

Seed Industry and Project Snapshots

Queensland, Australia

ThIS overvIew IS drawn from Hopkmson (m press) and Loch (1991, 1995)

The tropIcal forage seed mdustry in Queensland is part of a broader crop and gram
(sorghum, millet) seed mdustry While dIscrete, It is not totally mdependent of
other mterrelated sectors, and overlaps with what can be termed the subtropical
and temperate speCIes It IS regarded as both the mdustry pioneer and the most
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advanced m the world This reflects the number and diversity of speCies, the
sigl11ficant role of legumes, and the volume of pubhshed research on forage seed

Demand
It is Important to reahze that the maJonty of forage seed users are large cattlemen
(grazIers), daIry farmers, and some mIxed farmers with rotation systems, all of
whom reqUire seed for the estabhshment of pastures The largest buyer group is
the graziers, who are spread over a diverse geographic area, which m turn
mcreases the spectrum of speCies and varieties reqUired The graziers are only
occasiOnal buyers of seed, and may have hmited appreciatiOn for seed usage and
handlmg The reqUirements of graziers for seed depend on many factors, and tend
to be cychc (mcreased by high beef pnces and decreased by drought), and are
based more on pnce than quality Over the last thirty years, however, demand for
seed has expanded, as widespread pasture improvement has been undertaken based
on the results of pasture research and successful development expenences
Domestic demand for seed has fluctuated wIdely, but has been complemented by
vanable export demand, mittally from BrazIl and Latm Amenca and more recently
from Southeast ASIa and the MIddle East Export sales have stabihzed the mdustry
durmg penods when domestIc sales have been depressed

Seed products
ThIS refers to the range of speCIes and cultivars avaIlable m the market The total
number over the years is high and diversIty IS wide, an overall complexIty that
allows any number of mterpretatIOns

WhIle some 30-40 mdividual products are mvolved, about 30 have annual sales on
the order of 10 or more tonnes, with 10 reachmg 100 tonnes Volumes change over
the years, and with many products demand dechnes as the success of a perenl11al
speCIes leads to ItS ecologicall11che bemg occupIed

Durmg recent decades many novel speCIes have been released ThiS has gIven the
mdustry a reputatIOn for and expenence wIth development of new seed markets
These expenences are relevant to other countnes Histoncally, the maJonty of
cultivars were "common" and/or pubhc releases, while m recent years, with the
advent of Plant Breeders RIghts (PBR), new cultivars have been mostly propnetary
hnes developed by pubhc research and grown under contract to hcensed seed
enterpnses

Supply
Seed growers are a varIable and changmg group Graziers m Central Queensland
may harvest buffel grass seed when opportul11ty permits (years that favor good
seed yIelds, when pnces are hIgh, and when they themselves want seed) Some
mixed farmers with rotatiOns (maIze, potato, peanut) may take a seed crop of a
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new cultIvar Some of these farmers may evolve mto long-term speCialIst seed
growers

Involvement m seed productlOn IS always related to the relatIve rIsks and returns of
seed growmg as compared to the alternative use of resources for other crops and/or
lIvestock Often It IS the productlOn rIsks (clImatic) and marketmg rIsks (erratIc
prIces) of seed whIch lead growers to more stable activIties

CollectIvely, these growers tend to be WIdely dIspersed geographIcally, exhIbIt
only a low level of mterest m actmg as a group, and frustrated by the cost of
unItmg Most ofthe tIme, therefore, they are not a unIted or polItIcal force

Marketing
Marketmg IS completely open, unregulated, and governed only by the forces of
supply and demand Marketmg actIvIties are conducted by a range of prIvate
enterprises, generally small to medIUm-SIzed These range from dIVerSIfied publIc
companIes to smgle-owner-operated busmess Merchants may purchase, process,
store, and sell on theIr own behalf Brokers may sell seed of another merchant for
a commiSSlOn RetaIlers, often farm supply agenCIes, also sell seed on conSIgnment
from one or more merchants The major merchants, some eIght m number, are
members of the Seed Industry AssociatlOn of AustralIa, whIch handles both
domestIc (e g PBR legislatlOn) and export Issues (e g PIS participatlOn)

While in the past merchants tended to purchase and then store some seed, the
practIce IS now more often one of receIvmg seed on consignment, WIth payment to
the grower followmg the final sale In thIS way merchants reduce the cost of
marketmg and growers share m the marketmg rIsk

Product promotlOn has traditlOnally been mmimal, paSSIve, or mdirect When only
public cultivars were avaIlable, merchants dId not promote mdividual cultivars
The major agents of product promotion were government extenslOn officers and
prIvate consultants They made recommendatIons on pasture improvement to
graziers and dairy farmers Now, WIth the advent of PBR, the merchants can
benefit from dIrect promotion and may therefore conduct advertlSlng campaigns

Government assistance
VarIous forms of aSSIstance have been very effectIve, mcludmg

• SubSIdy scheme m the early days of the mdustry, dIrect subSIdy payments were
made to daIry farmers for the purchase of seed and fertIlIzer for pasture
Improvement ThIS was a once-only grant, but It encouraged many to
commence ongomg, SIgnIficant Improvements m pasture avaIlabIlIty and mIlk
productlOn This successful scheme has not been repeated
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• Marketmg legIslatIOn untl1 recently, compulsory mlmmum standards (for
physICal punty and germmatIOn) made the sale of sub-standard seed Illegal A
truth-m-labelmg system IS now In place

• Seed certIficatIOn thIS has a very lImIted applIcatIOn to tropIcal forage
cultlvars, but has been applIed In specIfic CIrcumstances (e g CallIde of Rhodes
grass and Narok of setaria) WIth very posItive results

• Seed testIng facIlItIes a well-staffed and eqUIpped QDPI laboratory proVIded
relIable seed testIng for many years ThIS faCIlIty, WhICh also prOVIded trammg
and seed technology research opportumtles, has been closed Two pnvate
laboratones now proVIde seed testmg servIces

• ApplIed research on seed systems two QDPI seed umts are staffed, each wIth
one semor and one techmcal assIstant, In two complementary geographIc
regIOns (Atherton Tableland and Gymple) These umts have receIved long-term
support and have been extremely successful TheIr actiVItIes have mcluded seed
multiplIcatIOn (for both evaluation and baSIC seed), problem assessment and
solvmg WIth new speCIes, and aSSIstance to seed growers WIth close contacts
to seed growers and a form of partICIpatory on-farm research, these umts have
advanced commerCial seed productIOn for a succeSSIOn of new cultIvars and
contrIbuted to Improved overall seed supply, mcludIng reduced pnces The
pnnclpal SCIentIsts mvolved, Drs John Hopkmson and Don Loch, are both of
world renown, and theIr contrIbutIOns to the SCIentIfic lIterature are sIgmficant

• BaSIC research on seed technology thIS IS conducted by Prof Ross Humphreys
and PhD students at the Umverslty of Queensland (UQ)

ProductIve programs for pasture research and evaluatIOn For the past 30 years,
CSIRO, QDPI, and UQ have conducted programs that have prOVIded the
technology base for successful pasture Improvement--one essentIal prereqUISIte
for creatmg demand for seed supply

Latin America

Latm Amenca IS so dIverse that no attempt IS made here to prOVIde more than a
few mSIghts/snapshots of some fOCI of seed actIVIty Instead, we emphaSIze the
InstItutIOnal partICIpatIOn along a contInuum of development stages Relevant
readmgs mclude Ferguson (1990 and 1994) and Ferguson and Sauma (1993)

Brazil
Brazl1 IS a huge country WIth a large seed Industry, mcludIng a large, well
orgamzed tropIcal forage sector There are many large, pnvate seed enterpnses,
often assocIated WIth retailIng other agrIcultural Inputs, fOCUSIng on forage seed or
crop and forage seed In terms of capItal mvested, volume and value of sales, thIS
IS the largest tropICal forage seed Industry m the world
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Not only is Braztllarge, It has had an actIve and expandmg agricultural sector and
frontIer for two decades Government pohcy has been very mfluential in
promoting expanSIon and development of agnculture, WIth a resultmg hIgh
composIte demand for seed for pasture estabhshment and renovatIon, and crop
rotatIOn The pnvate sector has been very entrepreneunal m respondmg WIth seed
productIOn and marketmg

Begmmng WIth Pamcum maxImum, Hyparrhema rufa, and Melems mmutiflora,
whIch estabhshed "seed conSCIOusness" and the first generatIon of seed
enterpnses, the mdustry expanded into productIOn of Brachzarza spp , startmg WIth
B decumbens, followed by B humidicola, and then B brizantha In general terms,
the chents were large, mechanIzed farmers and graziers The huge geographIc
scope of tropIcal Braztl favored regIOnahzatlOn and a spread of the mdustry The
means and magmtude of thIS expanSIOn are on an unprecedented scale, described
by Santos Filho (1996) and Hopkmson et al (1996) In the late 1980s, BrazIl
began to export Brachiarza spp seed to Venezuela, ColombIa, and Central
America The economICS of local productIOn m many countries began to be
mfluenced by the avatlabIhty of seed from BraZIl

The combmatIOn of factors, such as the magmtude and contmUlty of demand, the
IdentIty and benefits of Brachzarza spp to farmers, and an actIve pnvate sector,
have dnven the mdustry forward AddItIOnally, the overlap of croppmg (espeCIally
nce and soybean) has aSSIsted the pasture seed mdustry by provIdmg capItal,
mfrastructure, chents, and an appreCIatIOn of seed and seed use The mdustry IS
well-orgamzed under the natIOnal seed aSSOCIatIon, ABSAEM, WIth a seed
technology pubhcation (Revista Braztlera de Sementes) and tn-annual seed
conferences The natIOnal agncultural research orgamzatIon, EMBRAPA, has two
actIve seed umts, at Brasiha and Campo Grande

In contrast to Austraha, legume seed IS of mmor Importance m BraZIl Some
Calopogomum mucunoides is produced by mtercroppmg WIth nce, and Puerarza
phaseolOldes seed IS denved as a byproduct of rubber plantatIOns Many graziers
are skeptIcal of legumes, based on faIlure WIth non-adapted cultivars mtroduced
from Austraha. Recent research by EMBRAPA has led to the release of new
cultivars of Stylosanthes and ArachIS spp, but theIr commerCial productIon is
small.

SEFO-SAM in Bolivia
SEFO IS a pnvate seed enterpnse WIth headquarters m Cochabamba, BoliVia
(Ferguson and Sauma 1993) It IS an unusual seed enterpnse m that ItS major
shareholders are a local umversIty, an mternatIonal development orgamzation
(COTESU), and local seed farmers The local univerSIty dId the mitial forage
research and then wanted to see the benefits of thIS research reach farmers They
Jomed forces WIth COTESU, whIch provided both finanCIal and techmcal
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assIstance for approxImately 15 years to estabhsh SEFO as a viable seed
enterpnse COTESU IS now gradually transferrmg ItS shares to successful seed
farmers SEFO focuses on a range of both temperate and tropIcal forage speCIes

In addItIOn to seed productIon and marketmg by and for small farmers, SEFO
conducts forage promotIOn as well as a range of commumty servIce actIvIties
Whereas m the 1970s theIr mitIal chents were mternattonal and government socIal
aId programs, today 80% of sales are to small farmers

Seed productIOn IS conducted by selected small farmers m vanous geographIc
regIOns, chosen for their chmatIc sUItablhty for the target speCIes

In each regIon, SEFO provIdes a range of support servIces to seed farmers,
mcludmg a seed purchase contract, basIc seed, techmcal assIstance, key mputs
(fertlhzer, msectlclde), key field eqUipment (threshers, pre-cleaners), and a re
collectIOn servIce to the central faclhty Seed conditIomng, storage, and quahty
assessment are centrahzed at the cool dry locatIOn of Cochabamba

A key strategy IS the provIsIOn of techmcal assistance by local or mdlgenous
techmclans wIth customs and language sImIlar to the small farmers These
technicIans have a rural background along wIth forage seed productIOn expenence,
complemented by other orgamzattonal skIlls They also reside wlthm the same
regIon as the farmers

Semillano Ltd. in Colombia
Semillano Ltd IS a pnvate seed enterpnse m Colombia based m the eastern plams
(llanos) Its ongms are m seed productIOn and marketmg of vanous nce cultlvars,
whIch It grows on ItS own farm In the early 1970s Semillano foresaw the potentIal
market for seed of B decumbens, but nothmg was known of seed productIon m the
local regIOn WIth exceptIOnal foresIght, and acceptmg conSIderable finanCial nsk,
Semillano pIOneered the estabhshment, management, and harvestmg of B
decumbens seed crops m the Villaviocencto-Puerto Lopez regIOn Several years
later It began to market seed In a break with traditIOn, SemIllano marketed seed of
B decumbens, WhICh was aCId scanfied and of hIgh punty (over 95%) packaged m
small (1 kg) lots

In marked contrast to BrazIl, the cost of machmery in ColombIa, espeCially
combmes, was very hIgh Semillano agam showed mgenUIty by deslgmng a low
cost beater harvester mounted on a tractor. SemIllano entered mto share farmmg
agreements for seed productIOn WIth selected cattle raIsers and farmers who were
plantmg B decumbens as pasture Semillano receIved a portIOn of the seed crop m
proportIOn to the cost of ItS contrIbutIOn to the estabhshment, harvestmg,
processmg, and marketmg of the seed AddItIOnally, because of ItS expertIse m
pasture estabhshment, Semtllano was able to market not only seed but a package
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of services to establish pasture areas This was very attractive to many cattle
raisers who were without expenence or machmery

Seed yield and qualIty, however, were low relative to Brazil, and more vanable
from year to year In the late 1980s, good-qualIty seed from Brazil began to be
imported mto Colombia From a seed enterpnse pomt of View it was less rISky and
more profitable to import seed from Brazil than to produce locally Semillano
suffered from competitIOn from new enterprises that simply imported seed Market
realities had changed and could not be ignored, so Semillano began to import seed
from Brazil In so domg, they also transferred their skills m aCid scarificatIOn
techniques to the Brazilian seed sector

Apart from their leadmg entrepreneunal role with B decumbens, Semillano also
played a key role with other new forages released by the research sector m
Colombia They multiplIed basIc seed of several new cultIvars under contract to
CIAT In the post-release phase, the opmIOn of Semillano regardmg the ment of
the new cultivar was very influential with cattle raisers Forage researchers soon
learned that if they could not convmce Semillano of the role and ment of a new
cultIvar (especially legumes), it would not be promoted m the market

NGO on-farm pilot project, Peru
Ferguson et al (1993) relates a case history of a forage and seed project With small
farmers in Peru The project conducted activities m seed procurement and
distnbutlOn (initially by seed multiplIcation on-statIOn and then by seed production
with small farmers), techmcal assistance, trammg and revisIOn, and applied
agronomic research

Over five years, two project nuclei were formed m complementary geographic
regions and consolIdated Via analySIS of expenence gamed, trammg, and the
acqulSltlOn of eqUipment The mstltutlOnal orgamzatlOn evolved from ongins m
research to a pomt where a seed-onentated NGO became project leader This
recurrent exercise developed the skills of key partiCipants and prOVided a forum to
widen lInkages With relevant new participants Of 24 nOViCe farmers, four became
expenenced and produced seed under contract to the project A rotatmg seed fund
was a key financial mechanism, provldmg operatIOnal flexibilIty to promote seed
productIOn and rent eqUipment Marketmg nsks were shifted from the producer to
the project, forcmg the latter towards a market onentatlOn and, ultimately, the
mclusIOn of other crops m the product range

Some farmers were very mnovatlVe m their management of seed crops On the
research statIOn seed crops of S guzanensls were grown m pure stands One
farmer, however, successfully mtercropped S gUlanenslS for seed with maize and
achieved satisfactory yields for both crops along With reduced labor for weed
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control ThIs showed the advantage of fanners mtegratmg the new crop mto their
fannmg system

Central America
In Central AmerIca there are many small mdependent republIcs m close proxImIty
All these countries have common problems and lImIted resources They are also
buffered by powerful neIghbors and regIOnal economIes and polIcIes Many of the
farmers are smallholders The publIc sectors are under pressure, and fundmg for
research on lIvestock development IS declmmg There are several research centers
and many NGOs actIve m the regIon Local seed supply IS very mmor WIth most
seed obtamed by ImportatIOn

Most states have some form of forage research UnIt, generally withm a lIvestock
program On occaSIOn, theIr actIVItIes have been temporarIly stImulated by World
Bank loans or other external donor mfluences CIAT has made long-term
contrIbutIOns, espeCIally VIa the RIEPT regIOnal network (trammg forage
workers), contrIbutmg SIgnIficantly to ongomg evaluatIOn of germplasm (mcludmg
on-farm pasture trIals) and the organIzatIOn of a serIes of regIonal workshops and
publIcatIOns ThIS illustrates the long hard road of buddmg an appreCiatIOn of the
role of forages and mitIatmg a supply-and-demand cham for seed

Concurrent WIth advances m forage research (or as promISIng new materIals were
IdentIfied), the expanSIOn of the seed supply had to be addressed InItIal seed
multiplIcatIOn by government agency seed UnIts was CrItIcal to servIce research
evaluatIOn and cultivar release WIth some specIes, e g B decumbens and B
brzzantha, ImportatIOn of seed was a qUIck and logIcal optIOn When importation
was not pOSSIble, or very expenSIve, local or regIOnal productIOn had to be both
researched and pIOneered Gradually, as demand expanded, the big challenge of
startmg up new seed enterprIses became relevant

In such a geographIC, polItIcal, and technIcal settmg, opportumtIes must be sought
for more regIOnal collaboratIOn towards research challenges related to general
sustamabilIty Issues and related mIlk/forage/seed supply reqUIrements From the
mltIal RIEPT network of mitIatIVes on forage evaluatIOn and seed actIvItIes, the
TROPILECHE ConsortIUm has recently evolved to reflect such conSIderatIons Its
deSIgn and progress warrant mOnItorIng

Seed Supply Systems

Systems depend upon perspectIve and boundarIes They attempt to define
components and processes and how they mteract The concept of a seed supply
(I e productIOn and marketmg) system IS relatIvely new, and adds a broader
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SOCIOeconomIC perspective to the tradItIonal biologically-oriented VIew of seed
production and technology

The tendency has been to descnbe seed systems from a natIOnal or regIOnal
perspective withm a framework of formal mstItutIOns lInked to the cham of seed
multIplIcatIOn, processmg, and dIstnbutIOn Recently, Cromwell et al (1992,
1993) WIdened the scope of possIble systems to mclude farmer-managed seed
systems They also recognIzed a WIder range of mstItutIOns as provIdmg support
actIvIties, mc1uded dimensIons of research, legIslatIOn, and policy m the system,
and emphasIzed strQng two-way links between the dIfferent mstItutlOns and
players and theIr activIties

There IS a real need for further research on seed supply-systems for small farmers
per se ThIS would best be done by a comparative case study of seed projects and
enterpnses m dIfferent countnes

Components and Processes

A seed supply system IS a combmatlOn of components and processes that interact
m the generation of an ongoing flow of seed to a client group The major
components and processes are.

• The clients, their needs, and the SOCIOeconomIC context

• The role of dIfferent partICIpants m an mstItutIOnal context (users, growers,
researchers, enterpnses, servIce provIders, etc )

• The Identity of pnonty materials (species/cultIvars/accessIOns) and their
reproductIve bIOlogy

• The physical seed produced from the pnonty matenals, both as seed classes
and as seed products m a market context.

• Production and procurement processes.

• Marketmg processes

• The role of research, legIslatIOn, and policy

• The applicatIOn of seed SCIence and technology

The release process for new cultIvars

Conventional Seed Supply Systems

The conventional (formal) system has evolved to serve the needs of large-scale
commercial farmers, espeCIally for seed of the major gram and vegetable crops
ThIS clIent group can afford to pay cash for qualIty seed with Improved
performance charactenstIcs EffiCIent seed enterprises achIeve competItIve rates of
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return on their capital from seed productIOn and marketmg activities, WIth high
annual recurrent sales volumes For such a large and economically Important
market, governments and pnvate compames provIde strong support m the form of
research and other servIces A stream of Improved varIeties, mostly hybnds, IS
released, and speciahzed seed growers and pnvate enterpnses produce seed, often
under contract and certificatIOn arrangements Over tIme, an mtegrated mdustry
structure develops, and thIS functIOns to consohdate, hnk, and adapt the system at
the local, national, and even the mternatIonallevel

ThIS system IS essentIally conducted off-farm (to the end user of the seed product)
The mam dnvmg forces are the market opportumties for profit, a stream of
Improved vanetIes, speciahst seed enterpnses, and the hIgh use of seed
technology The conventIOnal system IS a nmeteenth-century mnovatIOn that has
become an mtegral part of modern agriculture The claSSIC examples mvolve
hybnd maIze and sorghum cultivars, and also cultIvars of nce, wheat, alfalfa,
whIte clover, ryegrass, and other mamstream arable or herbage seed crops

End users of tropIcal forages are predommantly daIry farmers and large-scale
hvestock producers m mixed farmmg systems Essentially non-hybnd cultIvars of
many forage speCIes have entered thIS system e g Brachwna spp, Chlons
gayana, and Pamcum maJClmum among the grasses, and ArachiS pmtOl,
Desmodlum spp, Macroptlhum atropurpureum, Neonotoma wlghtll, and
Stylosanthes spp among the legumes The mdustry that has evolved to date m both
Queensland, Austraha and BraZIl IS conSIstent WIth thIS seed supply system, so
care is needed m applymg parallels to different countrIes m Afnca where
smallholders predommate

The conventIOnal seed supply system IS very much a seed-only, sequence-hnked,
and market-dnven system In the future, It WIll remam the major dehvery system
for new cultlVars m developed countrIes and/or those WIth a large market,
especIally as plant vanety protectIOn IS adopted more Widely Research wIll focus
mostly on disciphne-specific seed technology components ThIS top-down system
has had the greatest impact to date, but lacks the potential to reach most small
farmers

Traditional Farmer-saved Systems

ThiS IS the histoncal, farmer-saved, farmer-only system, WIth ItS roots m
agricultural antiqUity Farmers conserve a fractIOn of theIr own harvest (of gram,
stems, or roots) on their own farm to serve as plantmg matenal for the propagation
of next season's crop Farmers also complement theIr seed needs by buymg from
neIghbors and, when necessary, from the local gram market As farmers use theIr
own seed, the proportIOn of plantmg matenal traded IS relatively low The terms of
such trade are most hkely to be an exchange for labor or goods m kmd rather than
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cash While effectIve over many centunes, the system is insular and, as such, IS
very prone to disturbance by chmatIc extremes and SOCIal conflicts.

The crop/cultlvar component IS one of tradItIonal vanetles and landraces, as
defined by the farm family Crops are used essentIally for food, fiber, and fuel, or
as a cash crop when opportumtles eXist The crop range used by the farmers IS
wide and commonly mcludes maize, bean, nce, peanut, and such crops New
varieties are largely irrelevant as they usually do not reach thiS system

Today, farmers who still practIce thiS system are termed smallholders, small
farmers, or resource-poor farmers TheIr avaIlabIhty of capital, cash, land, and
labor is low and profoundly hmIting TheIr SOCIoeconomiC SituatIOn IS therefore m
marked contrast to that of large commercIal farmers Women often play a
sIgmficant role, espeCially m seed condItlonmg, selectIOn, and storage

The major hmItatlOns of the traditIonal farmer-saved system are the traditIonal
vanetles on whIch It IS based, ItS rather loose and mformal orgamzatlOn, and ItS
susceptibihty to collapse due to natural (drought) or socIal (cIvil war) dIsasters
When on-farm participatory research has identIfied relevant new matenals, and
commumty-based organizatIOns are present, technology transfer and increased
farmer usage of seed WIll prompt a shift to an mtegrated commumty-based system

With tropical forages, this system IS mmor and confined to two SituatIOns FIrst,
the vegetatIve propagatIOn of some grasses, mcludmg Dlgltana enantha (pangola
grass), Cynodon spp and hybrids (star grass), Penmsetum purpureum (elephant or
napIer grass), Saccharum smense (kmg grass), Brachwrw decumbens, and
Brachwrw bnzantha ThiS IS most prevalent where these species are only
vegetatively propagated and where seed IS unavaIlable or too hIghly pnced
Second, a temporal Situation mvolvmg an "ephemeral" and/or "opportumstic" seed
productIOn cycle of a new (pubhc) cultivar by early-adoptmg grazlers on an area
planted for pasture. e g Brachwna dlctyoneura m ColombIa and Cenchrus cllzans
m Austraha After one or two seed harvests for on-farm use, management normally
changes to grazmg WIthout seed harvestmg

Integrated Community-based Seed Supply Systems

Various workers have advanced the concept and mechamcs of thIS contemporary
system, termed mtegrated by Louwaars and van MarrewIJk (1996) and
Almekmders et al. (1994)

This system reqUIres some external project support to develop seed supply based
upon elements of the tradItional, farmer-saved seed supply system Other (non
seed) strategies relevant to the commumty (e g soIl fertihty, human nutntion
improvement, and water catchment management) may be mvolved, as well as seed
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technology mnovatIons Stated another way, a SOCIOeconomIC blend of commumty
and seed-related Issues are hnked and promoted concurrently

The essential elements of mtegrated commumty-based seed supply systems are

• Farmer and communIty partICIpatIOn

• BUlldmg on tradItIOnal farmer knowledge and practIces

• Complementary on-farm partICIpatory research

• Complementary new technology, especIally new cultIvars (where adapted)

• External support, but tranSItIOnal and bUlldmg upon commumty strengths

• PromotIOn of seed conSCIOusness

• Response to Issues of scale (packagmg, machmery)

• DecentrahzatIOn to maXImIze distributIOn/dehvery pomts

• Widenmg dIstrIbutIOn modahties (m-kmd swaps, barter, and labor)

• PromotIon of market forces

PromotIOn of mstitutIOnal hnkages and networks, mvolvmg both the conventIOnal
seed system and other commumty-Ievel orgamzatIOns

The integrated, commumty-based seed supply system IS ObVIOusly hybnd m nature
and draws on the perceptIOns and strengths of the other two ThIS bottom-up
system IS the pathway towards the eqUlty-onentated objective of benefitmg more
small farmers and rural commumties ThIS IS obVIOusly not a seed-only system, but
rather a multidIsciphnary one where seed proVIdes a focal pomt and dehvery
mechanIsm for a range of SOCIOeconomIC elements

In those developmg countrIes WIth a predommance of resource-poor farmers, the
benefits of forage research wIll remam unreahzed If not hnked to thIS system

These three major systems (conventIOnal, farmer-saved, and mtegrated
commumty-based), are not mutually exclUSIve m anyone country or tIme On the
contrary, the aIm should be to promote theIr complementary
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Increasing Forage Seed Production in a
Temperate Climate by Natural Selection and

Organized Seed Multiplication

R. Rawling
Johnsons Seeds Ltd, Boston, UK

Abstract

The development of a natIOnal seed program may be dIvIded mto three dlstmct but
related tOPiCS (I) development of new, more productive varIeties by plant
breedmg, (n) multIplIcatIOn of VarIetIes by carefully-controlled seed productIon,
and (Ill) educatIOn of forage farmers on Improved management to utIlIze the new
potential Clear ObjectIves must be defined early m a breedmg program, and mItlal
selectIOn for potentIal materIal can be made by collectmg a range of ecotypes of
targeted speCIes Both forage and seed characterIstics must be conSIdered durmg
selectIon and m comprehenSIve trIals The selected new varIeties should be
multIplied m areas climatically SUIted to seed productIon, which may not be the
same as the forage productIOn regIOn A tramed advIsory team can aSSIst growers
to achIeve hIgher levels of seed YIeld, PUrIty, and qualIty To use the potential for
mcreased forage productIOn, an educatIonal program mcludmg regIonal trIals and
mdlvIdual adVISOry support should be conSidered

Defining the Problem

The ObjectIve of any research and development program IS to brIng about
Improvement towards stated goals No program wIll succeed Without such goals
bemg clearly defined at the outset As the program proceeds, some of these goals
may be changed, partIally achIeved, or even dropped, but thiS IS m Itself
progress-provIded that pOSitIve attItudes lead to the use of the mformatIOn gamed
to work towards renewed goals through a deSIre for success

Although the defined objectives may be, and m many cases are, lImited m terms of
major achIevements, the program may nevertheless succeed wlthm ItS defimtIOn
Some research and development programs have a much Wider and larger set of
defined obJectIves, WIth a hIgher degree of expected achIevement Any program
that sets out to Improve the quality of plant crop speCIes and whIch, via the food
cham, Improves the quality of lIfe for humans, falls mto the second category
WIthm a program With such large goals, It IS Important to ensure that, whIle
mamtammg an awareness of the overall strategy, each section of the work IS
carefully planned and gUIded
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The Improvement of pasture and forage seed productIOn IS an extremely wlde
rangmg topic, and has involved large numbers of research workers throughout the
temperate areas of the world for more than 60 years

History

It was m the 1920s and 1930s that Sir George Stapledon and hiS colleagues at
Aberystwyth m Wales reahzed that If forage production was to be mcreased both
m quahty and quantity, a new seed mdustry would have to be developed At that
time very httle seed was produced for the re-seeding of pastures, and only the
occasional catch crop of white and red clover seed in southeastern England was
sold for grassland Improvement

Seed was a by-product of forage production and not regarded as an mtegral part of
the farmmg system The modern concept of vanety had not yet emerged, and
practically all herbage seed was bought and sold as ryegrass, fescue, or clover,
etc., of unspecified ongm Stapledon hlghhghted the shortcommgs m quality of
thiS seed, and set about Improvmg quahty by defimng hiS Imttal objectives and
selectmg plant matenal from good pastures m locahzed areas He produced what
were essentially the first varieties, WhiCh, although they had a WIde genetIC
dIverSity, were nevertheless a substantial Improvement on preVIOUS lots sold

The onset of World War II created a cnsls, as supphes of seed from Europe,
Amenca, and New Zealand were soon cut off The continued demand proved to be
the Impetus for the rapId mcrease m productIOn of seed m the UK, m order to
sustam the country's food supphes Seed grower aSSOCIations were formed m the
mam seed growmg areas, and these, together WIth the mauguratlOn of a herbage
seed crop mspection and certificatIOn scheme, prOVided the baSIS for a national
home seed production mdustry

Another major step forward took place m 1956 when a pedigree seed production
scheme was mtroduced, which guaranteed the quahty of the seed in bags, which
were sealed With a government seal Smce then, the certification and crop
mspection schemes have been continued and Improved Standards for punty and
germmatton testmg of seed crops have been raIsed, and a plant vanety protectIOn
scheme, based on the dlstmctness, umformlty, and stablhty of each variety has
been mtroduced, which enables a royalty to be collect by the breeder

During the early development penod, much cooperatIOn took place between
research workers, crop mspectors, farmers, and farmmg groups It was thiS poohng
of informatIOn and expenence which enabled such a rapid and successful
development of a herbage seed mdustry
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Plant Breeding

The success of a plant breedmg program depends not Just on achlevmg
Improvement m a smgle character, but on ensunng that the Improved character IS
mtegrated mto the plant m such a way as to give It a balanced genetic base Thus,
Improved seed productIOn of a plant must always complement, and not be at the
expense of, ItS forage qualIties

When ImtIatmg a breedmg program, there are two mam approaches to be
considered The first IS to work with a selectIOn of ecotype matenal This mvolves
collectmg a large number of different ecotypes with a wide range of dlffermg
genetic characters The qualIties and characters of each must be assessed m testmg
conditIOns that not only enable selectIOn of those exhlbltmg the most promlsmg
traits, but also sustam the balanced genetic base The best performmg and most
umform plants may then be splIt and multiplIed vegetatively as clones to form the
basIs of a new vanety

The second method of breedmg IS to select plants which strongly exhibit some of
the reqUIred charactenstIcs, and then cross pairs of plants m pollen-proof IsolatIOn
and collect the seed set The seed IS then sown, and the resultmg plants are
assessed, lookmg specifically for those plants which exhibIt the best qualIties of
the parent plants combmed m one plant A hIgh selectIOn pressure must be applIed
at thIS pomt, With probably only a few plants selected from hundreds or even
thousands of plants grown The selected plants are multiplIed together to foml the
baSIS of the new vanety

The use of bIotechnology and sophisticated laboratory techmques creates new
opportumtIes for crop Improvement whIch are bemg rapidly adopted m major
cereal crops However, when lIttle or no breedmg work has been carned out on a
species, the Improvement of seed productIOn should be based on the first two
methods

The collectIOn of ecotypes and subsequent selectIOn, a method that has been much
used throughout Europe, may be the most successful method ImtIally, followed by
the mtroductlOn of the more sophistIcated method of hybndlzatIOn The two
methods can be used Side by Side, and even mtegrated With plants of promISlng
ecotypes crossed With plants from eXlstmg vanetIes Ecotype selectIOn IS usually
more successful ImtIally because selectIOn of plants can be made from eXlstmg
pastures where natural selectIon has already elImmated the less competitIve plants
The remammg plants m the sward may contam many of the deSirable characters
for forage productIOn, and selection can be made With confidence for seed
productIOn charactenstlcs such as erectness of growth, tIller number, seed set m
the head, and freedom from dIsease Subsequent testmg of the ecotypes for
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Improved seed production means that the plants formmg the basis of a new varIety
already have a pedIgree of forage production

The crossmg program IS usually a long-term method, because although the crossed
plants are selected because they exhIbIt specIfic qualItIes, crossmg results m a
wIde range of genetIc expreSSIon, WIth most of the sIblmg plants exhIbItmg
undesIrable characters m some shape or form ThIS greatly reduces the choIce of
plants, and further crossmg may be necessary to separate the desIred from the
undeSIred characters

Seed Production

HavIng produced a umform group of plants (possIbly 10-20) wIth the reqUired
qualItIes and charactenstIcs, multIplIcatIOn of the potentIal new vanety can begm
In order to maIntaIn stabIlIty m the varIety, It IS Important that multIplIcatIon of the
seed should be done through as few generatIOns as pOSSIble before reachmg the
end user Forage grass crops tend to produce large numbers of tIllers or shoots
WIthIn a short space of tIme, and as these tIllers are vegetatIvely produced, the
speed of multIplIcatIon can be mcreased by splIttIng off many tIllers from the
ongInal plants WIthout endangerIng the vanetal base plants By splIttIng the tIllers
to form IndlVldual plants, It IS pOSSIble to produce 500-5,000 plants, whIch, when
planted In an Isolated plot, will produce seed known as breeder seed It IS
Important to regularly check the plants and remove any off-types or rogue plants
For temperate speCIes, productIOn of several kIlograms each year, for 2--4 years,
can be expected, thus prodUCIng a reasonable quantIty of breeder seed

At thIS POInt, multIplIcatIon becomes more rapId, as the breeder seed can be sown
by tractor and dnll Usually between 1-2 hectares are sown, whIch IS not a very
large area, but agaIn the crop must be carefully momtored to ensure the removal of
rogue plants, and that the varIety IS true to type Such an area could be expected to
produce several hundred kIlograms of seed, whIch IS known as pre-baSIC seed

In order for suffiCIent seed to be produced for forage productIOn, at least two more
generatIons are reqUIred SpecialIst seed productIOn farms should be used for these
next two generatIOns Pre-baSIC seed IS grown to produce baSIC seed, whIch In tum
IS sown to produce the end-user seed (certIfied seed) It IS thIS seed that IS used for
forage productIOn In a temperate clImate, each crop of each generatIOn IS expected
to produce 2--4 years of seed Vigorous rogumg of off-types and JUdICIOUS weed
control at the establIshment phase of the crop WIll reduce the workload in
subsequent years It IS also necessary to apply an Inter-row spray WIth herbICIde a
few weeks after harvest to control any seedlIngs germInatIng from seed dropped
durIng harvest
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Organization and Certification

Forage seed productIOn IS a wlde-rangmg and complex actIvIty, requmng much
organIzatIOn If the overall objectIves are to be achIeved A lowermg of standards at
any stage wIll almost certamly cause the momentum of the project to slow down or
even cease It IS Important that whIle the overall strategy IS bemg controlled, each
part ofthe project IS also bemg gUided and supervIsed No project thIS SIze would
succeed wIthout some form of steenng commIttee, WhIch should not be too large
and should probably mclude government support The commIttee IS adVIsed by the
SCIentIsts, seed speCIalIsts, and field techmclans, some of whom may even be on
the commIttee

In the UK and Europe, admimstratIOn, gUidelInes, and regulatIOns have made rapId
progress dIfficult, WIth delays caused by havmg many commIttees and much
legIslatIon The SImpler the orgamzatIon (withm reason), the more chance of
overall success wIthout too many delays

As the scheme develops, so the need for legIslatIOn becomes more Important In
the early stages, whIle breeders are all workmg towards a common goal, the need
IS not great However, as other breeders become mvolved, developmg theIr own
varIetIes, It becomes necessary to dIstmgUIsh each vanety by a number of
morphologIcal characters such as headmg date, plant shape, leaf length, and WIdth,
etc In Europe, It IS now necessary not only to prove that a new varIety IS dIstmct
from any other varIety already on the lIst of establIshed varIetIes, but that It IS
umform withm a populatIOn ofthe varIety and IS stable between generatIOns

When It can be proven that a vanety has met these three cntena, It IS multIplIed
through the generatIOns mentIOned earlIer to produce suffiCIent certIfied seed for
sale As each vanety IS multIplIed, every crop must be mspected m the field, by
tramed government speCIalIsts, who check for rogue plants, umformlty of headmg,
weed control of the field, and IsolatIOn from crops of the same speCIes

If the crop achIeves the standards speCIfied m the gUIdelmes, It IS certIfied, and the
seed IS offiCIally deSIgnated for further multIplIcatIon, or sold The present system
of varIety regIstratIOn IS complex, and mvolves many people and extenSIve
paperwork

In the early stages of a breedmg and seed productIOn scheme, progress depends
more on close workmg relatIons among breeders, techmcal agronomIsts, and seed
growers, rather than on legIslatIOn and regulatIon

Breeders WIth plant materIal exhIbltmg strong traIts of the characters deSIred, and
usmg good SCIentIfic practIces, together WIth well-tramed seed agronomIsts and
expenenced seed growers WIth a deSIre for qualIty seed crops, WIll ensure that the
objectIves defined at the outset of the program may be attamed ahead of schedule
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Forage Seed Activities in
Sub-Saharan Countries

J. Kulish
MRI, Lusaka, Zambia

Abstract

This paper dIscusses forage seed actIvItIes m terms of pasture research,
technology, SOCIoeconomIC factors, etc, all of WhICh affect many Sub-Saharan
countrIes DIfferent constramts often prevent ImplementatIOn of new seed
technologIes, and some countries contmue to rely on tradItIOnal practices
ProductIOn of forage seed has receIved httle attentIOn m many West Afncan
countnes However, South Afnca, Kenya, ZImbabwe, and later EthIOpIa, MalawI,
and ZambIa have made progress m the development of forage seed programs and
seed mdustnes In many Sub-Saharan countries (except South AfrIca and to a
lesser extent ZImbabwe, Kenya, MalawI, and Zambia), governments tend to prefer
state-controlled seed productIOn rather than pnvate seed enterpnses Generally,
such control places a low prionty on the development of seed productIOn
mfrastructure.

Introduction

Forages are major sources ofnutnents for hvestock used to provIde meat and daIry
products for human consumptIOn The most Important constramts to Improvmg
hvestock productIOn in Sub-Saharan Afnca are related to ammal nutntIOn, which
IS based mamly on poorly-managed natural pastures Improvmg anImal productIOn
based on forages requires careful plannmg to optImIze mputs Of these, seed IS the
most Important

Compared wIth cereals, where high-quahty seed of Improved cultivars has been
responsIble for the success of the green revolutIOn m developmg countnes, forage
seed IS under-developed and still m need of substantIal support Developmg the
forage seed program reqUires the mvolvement and cooperation of natIOnal
governments, the pnvate sector, and internatIOnal agencies to meet the demands of
well-mformed grassland farmers

Sub-Saharan Afnca is a regIOn of enormous diversIty, where chmatic condItIOns
are frequently harsh and large numbers of soIl types are mfertIle Pasture seed
production has mainly served mIxed farmmg systems For example, Rhodes grass,
cv Katombora IS used m rotatIOn WIth tobacco to control root-knot nematode In
Kenya and TanzanIa, Rhodes grass and SetarIa anceps are used m maIze or wheat
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rotatIOns In Uganda, the same grasses are used m cotton rotatIOns to regulate
dIsease

The need for cultIvated pasture specIes has long been recognIzed m Sub-Saharan
AfrIca, but the entrenchment of the tradItIOnal system, and the unavaIlabilIty and
cost of Imported pasture seed are major barners to pasture Improvement

Forage Research and Development

Sub-Saharan AfrIca has a very hIgh potentIal for agrIcultural productIOn, but
lImItatIOns, such as erratic ramfall dIstrIbutIOn, low soIl fertIlIty, and
underdeveloped mfrastructure, eXist Under these condItIOns, extensive pasture
based lIvestock productIOn IS Important, but there are lImitatIOns on forage qualIty
dUrIng the dry season Many pastures are of low qualIty and are dommated by
coarse grasses, whIch are only palatable and nutrItious when young, and native
legumes, which are scarce ThIs lack of qualIty feed m the dry season poses a
major management problem

In arId, semI-arId, and sub-tropIcal (below 500 mm mean annual ramfall) areas,
lIttle Improvement can be achIeved But m areas WIth mean annual ramfall above
600 mm, large Improvements mammal productIOn can be attamed by mtroducmg
Improved pasture speCIes

Today there IS an active expansIOn m the number of small dairy farms These
farms usually have herds of crossbred cattle that reqUIre better feed Accordmgly,
there IS a growmg mterest m the use of Improved speCIes of pasture and fodder
crops

The mcreasmgly hIgh cost of morgamc fertIlIzers has promoted a search for
legummous speCIes m the genera Stylosanthus, Sesbanza, Desmodzum,
Macroptzhum, erotolana, and Leucaena as a source of cheap bIOlogically-fixed
mtrogen Some techmques, such as alley-croppmg, green manurmg, and plantmg,
m both lIve and dead legummous mulches, have been effective m many Sub
Saharan countrIes, where they have Improved farmer income

The mtroductIOn of pasture legumes mto communal grazmg areas appears to offer
attractive pOSSIbIlIties for mcreasmg and Improvmg carrymg capacity and
lIvestock nutrItIOn However, the establIshment of proper stockmg rates and proper
grazmg management must take prIOrIty Further development can only be carrIed
out when thIS has been achIeved Nevertheless, It IS Important that research on
speCIes evaluatIOn, pasture seed production, methods of establIshment, and
management contmues
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Forage Seed Production

The history of forage seed productiOn of improved tropical pasture species is a
very young one It started around the tum of the century m southern Africa and
eastern Austraha (Hebblethwaite 1980) In the last three decades, extensive
pasture research has been carned out m Sub-Saharan countnes (Hague et al 1986)
Countnes With a history of plant breedmg have developed seed productiOn
mdustnes Countnes such as South Africa, Kenya, and Zimbabwe, and later and
on a lesser scale, Ethiopia, Malawi, Nigena, Tanzania, and Zambia, produce
herbage seed both for home use and for the export market Seed testmg and
certificatiOn have also reached an advanced stage m these countries However,
many problems remam Over the last two or three years m Zambia, for example,
many natlOnal and mternatlOnal seed compames have closed, and no one is
senously concentratmg on forage seed Recently, one new seed company started
up, and there is hope that it w111 make real progress with pasture seed

Of the remammg Sub-Saharan countries, very few have developed a forage seed
productlOn system beyond the research statlOn level In Cameroon (Pamo 1993),
large quantities of forage seed have been mtroduced, but very httle has reached the
farmers because of pohtlCal and mstItutlOnal problems, cost, and lack of extenSiOn
assistance The DivislOn of Range Management and Water Resources
Development was created m 1976, and one of itS objectives was to multiply forage
seed, tested or developed by research mstitutiOns and umversitIes, and distribute
thiS seed to graziers This has not been achieved because of lack of eqUipment and
infrastructure

In Uganda, research has shown that Centrosema pubescens seed could be easl1y
and economically produced on small farms (Lusembo et al 1993) where casava is
grown Subsequent crops might benefit from the mtrogen fixed by legumes

Grass seed of Chloris gayana, Brachzarza rUZIZlenSIS, Cenchrus clhans, and
Pamcum maxImum, and legume seed of Siratro, Glycme, Archer, and Stylo,
Centro, Lablab, and DesmodlUm spp are produced (2-10 tonnes per year) by
government mstitutlOns and small-scale dairy producers m Tanzania (Kusekwa et
al 1993) Commercial forage seed productiOn has yet to be developed The
shortage of forage seed is a senous hmitatlOn to forage research and development
in Tanzama

Forage seed productiOn m Ghana is carned out mamly by natiOnal agncultural
mstItutes (Barnes and AI-Hassan 1993) A tremendous effort is needed to educate
small-scale farmers on the need to mtroduce improved pastures mto farmmg
systems Grassland SCience and forage agronomy is underdeveloped, and forage
seed productlOn seems to be one of the most neglected areas in Ghana
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Botswana has a Seed MultIplIcatIOn Umt, whIch IS responsIble for ImportatIOn
Forage seed IS Imported from South AfrIca, ZImbabwe, and AustralIa The
mtroductlOn of forages would Improve the low nutrItIOn of grasses m wmter

Lesotho and SwazIland are mamly supplIed by South AfrIcan seed compames such
a PIOneer, Mayford, and CargIll Seed They supply maIze and many other seeds,
mcludmg forage seed

Very lIttle work has been reported from SIerra Leone, LIberIa, Congo, or Gambia
on forage seed crops

A WIde range of grasses and legumes was found to be SUItable for commercIal use
m pasture development m Senegal, Burkma Faso, NIger, MalI, Gabon, and the
Central AfrIcan RepublIc, but none of these countrIes has yet establIshed a
domestIc forage seed productIOn mdustry (Anon 1971)

Conclusions

The need to mcrease domestIc productIOn of forage seed IS WIdespread, and
reqUIres both expertIse and financial support, partIcularly for the ImportatIOn of
eqUIpment and breedmg materIal and for trammg abroad

SerIous attentIOn must be gIven to the prIvate sector PrIvate seed compames
develop expertIse and skIlls, and can contrIbute mdependently and by
collaboratmg WIth government mstItutes
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Pasture and Range Seed Production in Morocco

M. Tazi
Centre de Production des Semences Pastorales, EI Jadlda, Morocco

Abstract

In Morocco, rangeland covers about 53 mIllIon hectares, most of whIch IS bare or
uncultIvated because of low raInfall or rough terraIn OvergrazIng and human
actIVIties are puttIng more pressure on these lands, leadIng to desertificatIOn and
permanent reduction In graZIng capacIty To solve these problems, the Government
of Morocco has, SInce 1969, launched several rangeland rehabIlItatIOn and
Improvement programs based maInly on re-seedIng and re-vegetatlOn However,
lack of good-qualIty seed at the rIght time has lImIted the success of these
programs AnalysIs of the sItuatIOn between 1973 and 1986 shows that plans for
range Improvement programs were too ambItIOUS and dId not take Into
conSIderatIOn the human and financIal resources avaIlable In the country Until
1986, the country's seed needs were satIsfied prImarIly by ImportIng seed of
foreIgn cultlvars DurIng the past decade, however, local seed productIOn has been
sIgnIficantly developed through the establIshment of two seed centers Although
other constraInts, such as lack of legIslatIOn and lImIted research, hInder the
development of the pasture seed sector, natIOnal InstitutIOns have shown a great
Interest In the preservatIOn and sustaInable use of pasture resources Many plant
collectIOns have been made, and the first local varIeties have recently been
developed

Introduction

In Morocco, rangelands cover more than 53 mIllIon hectares, spread over varIOUS
ecologIcal zones (El GharbaoUl 1994) In most cases, they are margInal lands
characterIzed by arIdIty and drought, low fertIlIty, shallow arable SOIls, excessIve
erOSIOn, and hIgh salt level Rangeland IS collectIvely owned and/or state land

DespIte the large area, rangeland productIVIty contInues to declIne, as a result of
overgraZIng and land clearance These lands accounted for 60% of the natIOnal
lIvestock feed In the mid-1970s (SquallI 1974) and only 26% In the late 1980s
(Ameziane and Berkat 1989)

In response to thIS SItuation, the Government of Morocco has launched large-scale
programs on range management (protected areas, seedIngs, and plantatIOns) The
success of these operatIOns depends on several factors, among whIch one key
element IS the avaIlabIlIty of good-qualIty seed
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Importance of the Pasture Seed Sector

Background

The 1973-1977, 1978-1982, and 1981-1985 five-year agncultural plans mcluded
63,000, 132,000, and 21,050 ha of range seedmg, respectIvely, but only 5,000,
4,000, and 6 230 ha were actually seeded (MARA 1977, 1981, 1988) Lack of seed
remams the lImltmg factor to the success of artIfiCIal seedmg m Morocco (Squall
1974, Washmgton State Umversity 1978) Drought m 1982, 1983, and 1984
resulted m severe reductIOn of the seeded area Consequently, the Mmistry of
Agnculture opted for fodder-shrub plantmg, especially of the speCIes Atrzplex
nummularza, whIch appears to be more tolerant to drought m the regIOns where
tests were conducted In 1985 and 1986, the Mmistry of Agnculture launched the
ley farmmg operatIOn m zones receIvmg more than 300 mm of ramfall, whIch
resulted m an mcrease m the seeded area

Current Seed Sources

Based on the budget allocated by the MmiStry of Agnculture, regIOnal seedmg
programs are fixed at the end of each agncultural year. Seed requIrements are then
defmed, and needs are met through eIther natIOnal productIon or Imports

Seed imports
UntIl 1986, seed Imports were the only means for meetmg seed needs WIth the
establishment of the two seed centers, Imports decreased (Table 1)

Table 1 Pasture seed Import by SONACOS (q)t

Year Quantities Imported (q) Year
1978-1979 477 50 1985-1986
1981-1982 17988 1986-1987
1982-1983 29895 1987-1988
1983-1984 181 15 1989-1990
1984-1985 20585 1990-1991

t 1 qUintal (q) = 0 1 tonne
Source SONACOS (1978-1991)

Quantities Imported (q)
7,81550
2,27012

82075
60000
59540

Local production
The natIOnal productIOn of pasture speCIes, notably grasses, legumes, and shrubs,
IS msured by the followmg state centers and companIes KhemIS Metouh Pasture
Seed ProductIOn Center (CPSP), M'da Pasture Seed MultIplIcatIOn Center
(MPSMC), and SOCIete de GestIOn des Terres Agricoles (SOGETA) Despite the
low output, the expenence gamed by the two productIOn centers shows that It IS
pOSSIble to produce hIgh-qualIty seed locally However, because of theIr pubhc
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status and the non-flexIbilIty of management, these centers cannot produce seed on
a commercIal scale Instead, they concentrate on research of adapted plant materIal
and productIon of foundatIOn seed

M'da Pasture Seed Multiplication Center
ThIS seed productIOn center IS for pasture speCIes adapted to forest areas It was
establIshed ill 1976 m the M'da regIOn of Ouezzane, ill cooperatIOn wIth FAO,
followmg the recommendatIOns of the NatIOnal CommIssIOn for Rangelands
Unfortunately, thIS center has not been endowed WIth the adequate human and
finanCIal means to fulfill ItS planned objectIves

Smce 1978, MPSMC has produced slgmficant quantIties of seed of several
speCies, particularly Agropyron elongatum, Dactyhs glomerata, Festuca
arundmacea, Hedysarum spp, Lohum rzgIdum, OryzOpSIS mIhacea, Phalarzs
tuberosa, Trifohum spp, and SangUlsorba mmor The evolutIOn of productIOn
from 1989 to 1995 IS summarized ill Table 2 Durmg the 1988-1992 five-year
plan, 60 ha were planted for seed production of fodder shrubs The mam species
produced mclude ChamaecytlsuS aibldus, MedIcago arborea, and RobInIa
pseudo-acaCIa

Table 2. Pasture seed produced (t) by MPSMC and CPSP (1989-1995)

Species 1989 1990 1991 1992 1993 1994 1995
MPSMC

Grasses 27 38 26 1 7 1 4 21 38
Legumes 14 02 33 33 24 24 25
Shrubs 03 02 00 02 08 07 06

CPSP
Grasses 60 63 311 103 374 11 3 60
Legumes 134 107 205 73 126 11 5 72
Shrubs 01 02 06 07 07 07 07

Source AEFCS (1995) and Tazi (1995)

Khemis Metouh Pasture Seed Production Center
In 1982, the Mlmstry of AgrIculture, m cooperatIOn With USAID, estabhshed thiS
range seed productIOn center located m KhemiS Metouh, southeast of El Jadlda to
promote natIOnal productIOn of pasture seed CPSP IS eqUIpped With seed cleamng
and processmg machmes, agrIcultural eqUIpment, a seed laboratory, and a
mechamcal workshop (CPSP 1989) The tasks aSSIgned to CPSP are

• ProductIOn of foundatIOn seed of promlsmg pasture species

• MultlphcatIOn of pasture species to meet Immediate needs

• MultiplIcation of fodder shrubs

• EvaluatIOn of adaptabIlIty of herbaceous and shrub species m pasture
improvement trials and by prIvate farmers
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In parallel with these activities, the center undertakes these research miSSiOns

• CollectiOn of native plant genetic resources and germplasm mtroduction

• Management of a gene bank.

SelectiOn, evaluatiOn, and multiphcatiOn ofpromismg ecotypes

Smce its estabhshment, CPSP has released three annual medic varieties and
multiphed several mtroduced species and commercial vaneties to satisfy the
immedIate seed needs of the dIfferent pasture areas of the country (Tazi 1995)
The quantities produced m 1989-1995 are presented m Table 2

Marketing and distribution
In general, the quantity of seed sold by the state seed company SOCIete NatiOnale
de Commerciahsation des Semences (SONACOS) each year was eqUivalent to the
quantIty Imported, except for 1985 when a large quantity of annual legumes was
Imported for the ley-farmmg program Table 3 shows the evolutiOn of sales of
pasture seeds undertaken by SONACOS

Table 3 Pasture seed sold by SONACOS (1978-1991)

Year Sale (t) Year

1978-1979 744 1986-1987
1981-1982 17 9 1987-1988
1982-1983 29 9 1988-1989
1983-1984 201 1989 -1990
1984-1985 213 1990-1991
1985-1986 4146 1991-1992

Source SONACOS (1978-1991)

Sale (t)

3337
177 2
935
846
759
415

Main Constraints to Development of the Sector

The pasture seed sector faces a senes of constramts that can be dIVIded m two
categones problems and Inherent constramts to range Improvement, and seed
sector constramts

Problems and Inherent Constraints to Range Improvement

General constraints
Due to an mcreasmg demand for agncultural and anImal products, farmers have
been forced to over-explOit pasture resources, leadmg to overgrazmg Productive
rangelands are bemg converted to margmal croplands, and woody plants are bemg
collected for domestic use

These ommous effects have became aggravated by
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• Absence of prIvate investment in range eqUIpment

• Recurrent drought

• IneffectIve legIslatIOn

• LimIted forage reserves for feed dUrIng drought

• LImIted technIcal support for lIvestock producers m pasture regIOns

InsufficIent research m range-management practIces

Specific constraints to range seeding activities
Rangeland seedmg actIvIties have produced lImIted results because of the
followmg

• Weak mvolvement of the populatIOn m seedmg actIvIties, notably because all
these programs are totally government funded

• LimIted funds allocated to rangeland rehabIhtatIOn programs

InsufficIent extensIOn actIvIties concernmg rangeland Improvement

Seed Sector Constraints

Forage and pasture seed productIOn faces a number of techmcal constramts,
summarIzed below

Lack of adapted species and varieties
Most mtroduced specIes and VarIetIes for rangeland seedmg are not adapted to the
local envIronment Several authors have emphasIzed the adaptatIOn of local
ecotypes of annual legummous specIes (Tazi et al 1989, Boune]mate 1994)
Furthermore, several collectIOn and evaluatIOn studIes of local pasture resources
have been undertaken by dIfferent mstitutIOns over the last decade (Tazi 1995), but
Imtial seed multiplIcatIOn remams the hmItmg factor for the development of
Improved VarIetIes

Seed demand
Seed demand fluctuates from year to year dependmg on the budget allocated to
rangeland seedmg by the Mmistere de l'AgrIculture et de la Reforme Agraire
(MARA) ThIS fluctuatIOn has negatIve effects on the plannmg of productIOn,
whIch IS also dependent on the time and amount of autumnal ram

Absence of legislation for pasture seed
UntIl now, no legIslatIOn has been mstItuted for the certIficatIOn of pasture
specIes ThIS hmders the development of varIeties for these species For other
forage specIes (oat, barley, lupm, horse bean, vetch, pea, perSIan clover, berseem,
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alfalfa, and annual medIc) for winch rules have been estabhshed, the eXIstmg
legislation IS sometimes constrammg (Tazi 1989) For mstance, the rules do not
take mto account the means and technIques used by the farmer

Research deficiency
Research IS all but lackmg m the area of pasture seed productIOn StudIes and
research remam hmited to weed control m seed productIOn fields (Regher et al.
1989, TaZI et al 1986a, 1986b) On the other hand, the number of speciahsts
working m thIS area remams hmited

Lack of farmer mterest and private sector involvement
Pasture seed productIOn by farmers and pnvate companIes IS totally non-eXIstent
There IS a lack of farmer mterest, even for certIfied seed productIOn of other
forage speCIes for whIch demand IS Important TIns can be explamed by the fact
that pnces paId to seed producers are not competitive when compared to some
other remunerative crops Furthermore, the lack of specIfic eqUIpment for seed
productIOn and the lack of technIcal support to farmers translate dIrectly to low
yIeld

Extension and promotion
ExtenSIon efforts currently used by the Mmistry of Agnculture for the promotIOn
of forage and pasture crops are msufficient, partIcularly regardmg the awareness
of hvestock producers, conservatIOn of natural resources, and rehabIhtatIOn of
degraded rangelands by seedmg and plantmg. These efforts have to be sustamed
by the encouragement of pnvate mvestment m the area of range management and
eqUIpment, as well as by the partICIpatIOn of populatIOns m pasture lIDprovement
works ExtenSIOn efforts m the field of seed productIOn m general have to be
remforced to allow farmers to master productIOn technIques

Conclusions and Prospects

DespIte the mcrease m cultivated forage areas m high-ramfall zones through the
mtroductIOn of annual legumes, areas sown to rangeland have declmed smce 1980,
due to drought and SOCIal problems of collective land The unavailabIhty of plant
matenals adapted to the envIronmental condItions of dIfferent ecologIcal zones
hmders the extenSIOn of rangeland seedmg operatIOns To overcome these
constramts, certam measures can be taken, descnbed below

Rangeland development actions all rangeland development actIOns should have
positive effects on pasture seed utIhzatIOn The followmg should be emphaSIzed'
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• Remforcmg and expandmg range Improvement practices such as plttmg,
fertIlIzation, seedIng, and plantmg to re-vegetate selected rangelands

• Promotmg farmer awareness m low ramfall zones to redirect theIr productIOn
systems as a means of mtegratmg forage crops wIth lIvestock breedmg

• Encouragmg lIvestock producers to plant fodder shrubs on converted lands that
were ongrnally rangeland

Supportmg the organIzatIOn of lIvestock producers mto cooperatives

Intensification of research: research m seed productIOn IS almost non-exIstent
The followmg research actIOns could be undertaken to promote rangeland seedmg

• Development and adaptatIOn of seedmg technIques appropnate to dIfferent
ecologIcal condItIOns

• Collection and evaluatIOn ofplant genetic resources of the mam pasture speCIes
for future use m vanety development

• Study of the pasture potentIal of local drought-resIstant speCIes and theIr
conservation In sltu for future use m the development of margmal zones

• Development of an adapted technology for pasture seed productIOn

Coordination of research and seed production" because of the lImItations of
human and fmancral resources, It IS essential to coordmate efforts made by seed
production organIzatIOns, centers, and dIfferent research mstItutIons to

• Promote local productIOn of foundation seed of range speCIes m the eXlstmg
seed multIplIcation centers

• ASSIst farmers to master production technIques and other Issues of forage crop
productIOn channels

• Contnbute effiCIently, through the exchange of expertIse and mformatIOn, to
the development of range Improvement technIques and seed productIOn m
WANA

Identification of in situ conservation zones the best means to preserve pasture
speCIes threatened by genetic eroSIOn IS the protection of the ecosystem through In

SItu conservatIOn In SItu conservatIOn zones may mclude protected forest areas,
and semI-and and and pasture zones such as regIons of the Onental, Erracmdla,
Ouarzazate, MIddle Atlas, HIgh Atlas, and the Saharan Provmces Among speCIes
concerned WIth In sItu conservatIOn are ArtemISia herba-alba, Stipa tenaClssIma,
Salsola spp , and other shrubs It IS pOSSIble to harvest seed at a lesser cost m these
areas of conservatIOn Such seed WIll not, of course, fulfill the legIslatIOn
reqUIrements, but It could be used, prOVIded It undergoes the necessary seed
processmg and germmatIOn tests
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Proposal for legislation specific to pasture seed: it would be useful to at least
set up rules for species bemg multiplied m the country These rules must be
adapted to farmers' conmtIOns for mmlIDal size ofthe multIplicatIOn field, number
of generatIOns, productIOn technIques, etc.

Encouragement of traming: the success of all steps leadmg to the development
of local seed production cannot be assured Without speCialized trammg of
technical personnel Such trammg is currently lacking m our univerSitIes
Nevertheless, the mtensificatIOn of short-term trammg m seed productIOn and
technology could be undertaken at the local and regIOnal levels

Development of international exchanges: networks are needed to exchange
plant materIals, expertIse, and mformation linked to research on natIve pasture
speCIes and adequate multIplicatIOn technIques The actIVItIes of such networks
WIll be faCilitated by the lOgIStIC endorsement of mtematIonal organIzatIOns and
the IdentIficatIOn m WANA of"Centers of Excellence"
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Forage and Pasture Seed
Production in Tunisia

s. Chouki
Office of LIvestock and Pasture, TUnis, TUnisia

Abstract

TumsIa has a Mediterranean clImate charactenzed by moderate wmters and hot
and dry summers These clImatIc condItIOns are very favorable for seed
production. It IS estImated that TumSIa has the potentIal to produce about 200,000
tonnes of seed, whIch would cover 90% of ItS total need Although most of the
forage and pasture seed needed could be produced domestIcally, large quantItIes of
seed are Imported every year The current lImItatIOns are due to problems
assocIated WIth seed research, productIOn, mdustry, and marketmg

Introduction

An average area of 283,000 hectares (239,000 ramfed and 44,000 lITIgated) was
planted to forage crops dunng the last five-year plan (1992-1996) Thls was about
20% less than planned, because of drought m 1993/94 and 1994/95 In 1996,
313,000 hectares were planted, resultmg m a productIOn of 473,000 tonnes of hay,
465,000 tonnes of sl1age, and 671,800 tonnes of green forage

Objective of the Ninth Five-year Plan (1997-2001)
The mam objectIve of thIS plan IS to reach self-sufficlency m red meat and milk
productIon by 1999 and 2000, respectIvely To meet thIS obJectIve, meat
productIOn must mcrease from 104,150 to 133,850 tonnes, and mllk productIon
from 657,200 to 896,500 tonnes This would reqUire about 5 2 bl1lIon forage umts
(UF)l, whIch lS eqUivalent to 5 2 mIllIon tonnes of barley gram At present, the
total deficlt m forage resources lS about 540 ml1lIon forage umts, whlch lS 47% of
total forage need and 125% of total feed resources

To meet the total need of forage resources by the end of year 2001, an eqUIvalent
of 877 ml1lIon UF lS needed Thls means 679,000 hectares would have to be
planted to forage crops, although the total potentIal area reserved for forage
productIon does not exceed 350,000 hectares

Therefore, mstead of mcreasmg area, efforts should be directed towards (1)
creatIOn, selectIOn, and release of adapted and hIgh-Yleldmg forage speCIes and

I I UF = The energy given by I kg of gram barley
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VarIetIes, (n) InItiatIOn of a seed productIOn program, (in) usmg qualIty seed, and
(IV) organizatIOn of the seed sector (legIslatIOn, research, seed quality control, seed
production, and marketmg)

Current Situation
The area planted to forage crops declIned from 350,000 hectares m 1970 to
250,000 hectares m 1990 The total area reserved for forage productIOn IS about
282,000 hectares, representmg 6% of the total agriCultural area The extent of the
area used for forage and seed productIOn IS hIghly dependent on clImatIc
condItions (Table 1)

Table 1. Evolution and distribution of total area (1000 hal used for forage production
(1987-1996)

Crop 86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96

Dryland 298 I 1852 2752 2204 2510 240 I 2340 2324 2335 2561
lITIgated 435 326 374 402 440 303 374 439 534 484
Total 3416 2178 3126 2606 2950 2704 2714 2763 2869 3045

Wmter forage
Summer forage
Total

263 2 266 1 262 4 269 5 293 0
72 54 139 174 115

2705 271 4 2763 2869 3045

Main Forage and Pasture Species Used

Because of lImIted chOIce, the same forage and pasture speCIes and varIeties have
been used for several years These speCIes are oat, barley, alfalfa, Trifollum
alexandrmum, Trifollum resupmatum, ryegrass, fescue, VICW satIva, Hedysarum
coronarlUm, sorghum, maIze, and annual medIc Area and quantIty of seed needed
are summarIzed m Table 2 Some 52% of the total forage urea IS covered by oat,
used mamly for hay productIOn

Table 2 Forage areas and quantity of seed required

Species Area (ha) Quantity of seed needed (tonne)

Oat 170,000 17,000
Green barley 50,000 5,000
Vetch 91,500 3,050
Tnfolrum alexandnnum 6,000 180
Hedysarum coronanum 5,000 225
Annual medIc 4,000 80
Alfalfa 6,000 150
Ryegrass 1,000 30
Sorghum 10,000 300
Maize 4,000 160
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Domestic Seed Production

The need for hlgh-quahty seed of adapted speCIes and vanetIes mcreases every
year However, local productIOn of seed IS still very hmlted and covers only a few
speCIes The deficIt IS always covered by seed Imports The Imported vanetIes are
usually not adapted to local condItions and are very susceptIble to dIsease and
pests

Forage seed productIOn IS highly dependent on the amount and dIstnbutIOn of ram
throughout the year Dunng favorable years, about 85% of national seed
reqUirements for most forage specIes (oat, Hedysarum coronarzum, Trifolzum, and
V1CW) IS produced locally by farmers (Table 3) ThIS seed IS exchanged among
farmers or channeled through local markets The other 15% IS Imported by state or
pnvate seed compames All seed of alfalfa and most pasture speCIes IS stIll
Imported

Table 3. Quantities (tonne) of locally produced and imported forage seed

Species 1992 1993 1994 1995 1996

Local Imp. Local Imp. Local Imp. Local Imp Local Imp.
Oat 36,000 0 29,300 0 4,000 10,950 8,600 10,700 30,000 0

Vetch 3,500 0 2,900 0 294 421 1,350 0 2,150 0
Alfalfa 0 0 0 22 0 189 0 57 0 40

MedIcs 0 0 0 20 0 17 0 22 0 2

Hedysarum 0 0 0 0 0 2 0 0 0 0
Sorghum 0 109 0 110 0 352 0 660 0 528
Maize 0 30 0 30 0 149 0 100 0 35

Seed Production and Commercialization

The organIzation and regulatIOn of seed multIphcatIOn and certIficatIOn have long
been a subject of concern m TunlSla The first seed laws were estabhshed m 1932,
leadmg to the creatIOn, withm the Tumsian BotanIcal ServIce (presently the
NatIOnal Agncultural Research InstItute of TunlSla) of a cereal vanety hst ThIS
legislatIOn was amended m 1937 and 1947 to take mto account the development of
cereal productIOn and marketmg structures m TunlSla (the creatIOn of the ONIC
and development of mter-professIOnal productIOn aSSOCiatIOns) New regulatIOns
were set m place m 1951, as a consequence of the creatIOn of the first seed
cooperatIve (COSEM) m 1946 These regulatIOns, along WIth legIslatIOn adopted
m 1947, governed seed multIphcatIOn untIl 1966, when new legIslation was
enacted. Because of the mtroductIOn of new wheat vanetIes, the mcreased
productIOn of controlled seed, and the creatIOn of a second seed cooperative
(CCSPS), thIS legIslatIOn was by 1969 conSIdered mcomplete The Mmlstry of
Agnculture, therefore, deCIded to develop a complete legIslatIOn to govern the
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orgamzatiOn and regulatiOn of seed productIon and marketmg of all categones of
agncultural crops, mcludmg cereals, vegetables, forage crops, and trees In 1976,
thIS legIslatiOn resulted m the establIshment of a NatiOnal Seed CommIttee, the
creatIon of a natiOnal catalogue for vanetIes to be used m the country, and a
system of seed certificatiOn

Organization of the Seed Sector

• Research and training activities these actIvItIes mclude selectiOn and
development of adapted vanetIes, Improvement of seed productiOn technIques,
and development of human resources They are mamly carned out by the
research mstItutIOns

• Seed catalogue: only those speCIes and vanetIes lIsted m the catalogue can be
Imported

• Evaluation, mamtenance, and production of basic seed' thIS activIty IS now
carned out by researchers at dlfferent NatIOnal Agncultural InstItutIOns and
cooperatIves

• Seed multiplication and dIstribution' thIS IS the key lImItmg factor m the
development of the forage seed sector Most of the local eXIstmg seed
companIes Import and commercialIze foreIgn vaneties Seed productIOn, whIch
was the prereqUisIte of obtammg agreements to commercIalIze seed, IS now
absent m theIr actIvItIes No certIfied seed of forage crops IS produced m the
country, although one organIzatIOn (GRAFOUPAST) specialIzes m productIon
and dlstnbutIOn of forage seed Two other organIzations (COSEM and CCSPS)
are actually producmg lImIted quantItIes of vetch and oat seed

• Seed quality control and certification: the natIOnal seed laboratory IS the
official agency for controllmg the qualIty of locally-produced or Imported seed
and vanetIes

• Seed marketmg: seed IS eIther produced locally or Imported However, 90% of
seed used by farmers IS saved or bought from the local market

Constraints to Forage and Pasture Seed Production

DespIte favorable clImatIc condItions, the development of forage and pasture seed
productiOn m TumSIa faces constramts, mcludmg the followmg

• LimIted adapted plant matenal

• Lack of coordmatIOn between research, producers, dIstnbutors, and users

• Incomplete and mefficient legIslatIOn

• Absence of structures able to mamtam Improved vanetIes and local ecotypes
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Contribution to the Development of Forage and
Pasture Seed Production in Tunisia

M. Chakroun
INRAT, Anana, TUnisia

Abstract

The development of a vIable seed sector IS one of the pnonty programs of
agrIculture m TunlSla. Dunng the preVIOUS decade, attempts to produce forage and
pasture seed were not successful, although the requITed prereqUIsItes, such as
favorable clImatic condItions, adapted genetic matenal, seed productIOn centers,
and seed companIes, were aVailable Recently, however, new breedmg programs
have been establIshed, and Improved vanetIes of forage and pasture crops WIll
soon be released In collaboration WIth national development organIzations and the
natIOnal seed mspectIOn laboratory, INRAT has been workIng towards the
establIshment of an effiCIent productIOn program The first attempt was mitIated m
1994 WIth the multiplIcatIOn of four newly-released oat vanetIes Over 100 tonnes
of certified oat seed were produced Government and pnvate seed organIzations
are now mvolved m the productIOn, processmg, marketmg, and dlstnbutIon of
seed of these oat vanetIes The second attempt mvolves the productIOn of breeder
and baSIC seed of the mam perennIal grasses and subterranean clover ThIS
program IS now underway, and wIll partially satISfy the need for pasture
development m northern TUnISIa Nevertheless, the forage and pasture seed sector
IS still facmg dIfficulties lack of coordmatIOn at the productIOn, marketmg and
dlstnbutIon levels, mappropnate extenSIOn of newly developed varIeties, and seed
pnces unattractIve to producers

Introduction

LIvestock development IS a pnonty m TunISia It depends greatly on forage and
pasture resources, whIch contmue to be defiCIent The potential cultivated pasture
area IS around 120,000 hectares m northern TunISIa, but only 12,000 hectares have
been establIshed Most establIshed pastures are overgrazed and some have been
converted to cash crops

The mcreased numbers of lIvestock, the faIlure to establIsh and mamtam a
productIve pasture, and the mtroductIOn of non-adapted vanetIes have created the
need for an Improved seed production system m the country Although the
necessary structures reqUIred for large-scale seed productIOn are avaIlable, seed IS
eIther produced by farmers or Imported by dealers representmg multmatIOnal
companIes ThIS report summarIzes the current SItuatIOn m vanety development,
seed multIplIcatIOn, certIficatIOn, and dlstnbutIOn
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Conservation of Genetic Resources

TunIsIa IS consIdered an Important source of bIOdIversIty for forage and pasture
specIes However, consIderable genetIc erOSIOn has occurred as a consequence of
overgrazmg, mtensive croppmg, and madequate soIl conservatIOn practIces Over
the last few years, the NatIOnal AgronomIc Research InstItute of TUnISia (INRAT)
has organIzed several collectIOn mISSIOns m collaboratIOn wIth the InternatIOnal
Center for Agncultural Research m the Dry Areas (ICARDA), the Center for
Legumes m MedIterranean Agnculture (CLIMA), the Department of Agnculture
Victona (DAV) m AustralIa, and the NatIOnal Agncultural InstItute of TUnISia
(INAT) Around 3,000 acceSSIOns of more than 130 speCIes have been collected
and conserved However, charactenzatIOn and evaluatIOn of thIS matenal are
needed

Variety Development

For the past 20 years, INRAT has camed out research on the IdentIficatIOn and
development of adapted vanetIes for the mam pasture and forage speCIes (Table
I). WIth the exceptIOn of oat, all the vanetIes developed have been selected from
mdigenous matenal FaIlure to produce enough seed has lImIted the use of some of
these vanetles

Table 1 Main pasture and forage specIes and varieties In Tunisia

SpecIes Variety
Festuca arundmacea Jebebma, Grombaha, Momag
LO/lUm perenne Thlbar, Am Melhtl
DactylJs g/omerata Euchkeul
Pha/ans tuberosa Soukra
Medrcago satIVa Gabes
TnfollUm subterraneum 45C
Avena sativa Fretlssa, AI Aha, Mehane, MedJerda

In recent years, new breedmg and selectIOn programs on pnonty forage crops have
been developed and approved by the Crops NatIOnal Research Plannmg
CommIttee (CNRPC) These programs are supported partIally by Natlonal
Research Program (PNM) projects and camed out by INRAT and INAT

INRAT IS actually conductmg three breedmg projects on oat (Avena sativa), vetch
(VICW spp ), and annual medIc (Medlcaga spp )

The oat project IS currently evaluatmg pure lmes and segregatmg populatIOns for
dIsease resIstance and yIeld potentIal from matenal supplIed by the Quaker Oat
Company The vetch proJect, for whIch the selectIOn of vanetIes wIth dIfferent
matunty and plOIdy levels as well a~ amphycarpic hybnds has been underway
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smce 1989. Progress IS bemg made, and three vanetles WIll be released shortly
These vanetles are early-, medlUm-, and late-maturmg types They are hIghly
productlve and can be grown m a mIxture WIth oat, barley, and/or tntICale The
objectIve of the annual meillc project IS to evaluate the local germplasm collected
m 1992 and 1994 m illfferent eco-geographical areas Based on charactenstlcs
such as matunty, growth habIt, plant VIgor, dry matter, and seed productIOn, two
ecotypes of M truncatula have been selected These ecotypes are adapted to semI
and and and regIOns and are sIgmficantly hIgher m dry matter yIeld than the check
cultivar (ParaggIO)

The plant Improvement program at INAT concerns mamly two crops sulla
(Hedysarum coronanum) and berseem (Trifolzum alexandrmum) The aim of thIS
program IS to develop new cultlvars that are supenor to the eXIstmg ones m terms
of adaptatIOn, YIeld, forage qualIty, and seed productIOn The sulla proJect, after
prelIminary evaluatlon, has completed four cycles of selectIOn Selected matenal
IS bemg tested m multi-locatlOn vanety tnals The berseem project IS studymg the
genetlc vanabIlIty of 78 acceSSIOns of T alexandrmum at two 10catlOns Synthetlc
vanetles WIll be developed usmg random matmg of several parents Plants denved
from tlssue culture have already been produced for thIS purpose

Variety Evaluation and Registration

At present, INRAT IS evaluatmg and registenng forage and pasture vanetles that
have been mtroduced from abroad These vanetles are bemg compared mamly to
those used by farmers m field tnals for three years The lIst of varietles
recommended by INRAT, the offiCial evaluatIOn authonty, mcludes maIze (17
varietles), Sudan grass (16), Lolzum multzjlorum (6), alfalfa (6), medIC (7),
subterranean clover (6), berseem (4), and fodder beet (4) New vanetles developed
by research and teachmg mstltutIOns are presented for regIstratIOn through the
General Department of Agncultural Productlon (GDPA) Data from evaluatIOn
tnals IS exammed and presented to the NatIOnal ConsultatIve Seed CommIttee
(NCSC), whICh deCIdes on regIstratIOn and release

Seed Production

Forage and pasture seed productIOn started on a small scale dunng the 1970s and
1980s m northern and central TumsIa ThIS actlvity was camed out through
bIlateral projects Inadequate management skills, low seed YIeld, and low
economIC return were the mam reasons for the loss of mterest by government
farms and pnvate seed growers

At present, INRAT, m collaboratIOn WIth natIOnal development organIzatIOns and
the NatIOnal Seed InspectIOn ServIce, IS contnbutmg to the establIshment of a
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formal seed sector The first attempt was Imtiated m 1994 with the multIphcatlOn
of four newly-released oat varieties This work was carned out with the Office of
Livestock and Pastures (OEP) on the Fretlssa farm Over 100 tonnes of certified
oat seed was then produced through a number of generations of seed
multIphcatlOn Government and prIvate seed orgamzations are now mvolved m the
productIOn, processmg, marketmg, and distrIbutIOn of seed of these oat varIeties
Variety mamtenance and multIphcatlOn IS carrIed out through an offiCial
agreement between INRAT and the seed orgamzations

The second attempt was the production of breeder, baSIC, and commercIal seed of
the mam perenmal grasses (tall fescue, perennial ryegrass, and phalans) and
subterranean clover ThiS program IS under the supervISIOn of the Office de
Developpement Sylvo-Pastoral du Nord Ouest (ODESYPANO), OEP, and
INRAT The aim IS to produce seed for the estabhshment of 100 hectares of
Improved pasture m northern TuniSia annually

Recently, a medIC seed production program was mitiated by the ESA El Kef m
central TuniSia (SIdl Bouzld Governorate), under the MashreqlMaghreb (M&M)
Project ofICARDA

Seed Distribution Systems

IneffiCient seed dIstributIOn IS a major constramt to the adoptIOn of developed
varieties on a large scale Attempts to produce and commerCialIze forage and
pasture seed have faIled because of the absence of a marketmg strategy The
GRAFOUPAST enterprIse, whIch was created m 1976, was given the task of
producmg, handlIng, condltIonmg, stormg, dlstnbutmg, and marketmg forage and
pasture seed However, thiS enterpnse IS now hmited to commercIalIzatIOn of
Imported seed At present, there are three elIgible enterpnses (GRAFOUPAST,
CCSPS, and COSEM) mvolved m forage and pasture seed production .aut CCSPS
and COSEM specIahze mostly m the productIOn of cereal seed Each enterprIse
possesses a processmg plant and IS represented by seed dealers m the major crop
productIOn areas. The prIvate sector has recently started to partICIpate actIvely m
the natIOnal seed program A modem plant has been bUilt and eqUipped for thiS
purpose

Seed Certification and Quality Control

The Seed Inspection Service (SIS) and the Quarantme Service, directed by the
GDAP at the Mmistry of AgrIculture, are responSIble for seed certificatIOn and
testmg of seed samples for law enforcement purposes In the offiCIal seed program,
control of seed produced by eIther government or pnvate growers IS under the
responSIbIlIty of the SIS Among the forage crops, only oat IS affected by these
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measures For other forage speCIes, SIS controls only the germmatIOn and health
status of commercIalized seed

Constraints and Recommendations

Forage and pasture seed production m TunlSla faces the followmg constramts'

• Lack of a clear strategy for forage and pasture seed productIOn

• Lack of coordmatIOn ofvanous seed actIvIties

• Incomplete and madequate seed legIslatIOn

• Lack of mcentives for prIvate seed companIes

• LImIted trained and quahfied personnel

The development of a natIOnal seed multIphcatIOn system reqUIres the followmg

• ExtenSIOn of newly-released varIeties

• ExecutIOn of plant Improvement programs developed and approved by the
Crop, LIvestock, and Pasture NatIonal Plannmg CommIttees

• Coordination between all partners involved m the seed sector (research, seed
enterprIses, development institutIOns, and farmers)

• MotIvatIOn of the prIvate sector

• Development of quahfied manpower
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Abstract

In Sudan, the area under fodder crops IS expandmg due to mcreased attentIOn to
darry productIOn near urban centers Rangeland rehabIhtatIOn by seedmg natIve
and exotIc forage speCIes IS also expandmg However, the targets set by the
ComprehensIve NatIOnal Strategy are far from bemg met Although quahty seed of
Improved varIetIes IS a prereqUisIte to Improved productIOn, the organIzed seed
mdustry generally gives httle attentIOn to seed productIOn of fodder and pasture
speCIes The Range and Pasture AdmmistratIOn (RPA), through ItS seed farms,
projects, and adaptation nurserIes, focuses on the productIOn of seed and cuttmgs
of a range of fodder and pasture speCIes Small farmers, especIally m northern
Sudan (Nahr En-NIl and Northern State), playa cntIcal role m the mformal supply
system Seed produced IS made avaIlable to others through cash sale, barter, loan,
and gIft Work done by the RPA and the National Seed AdmmistratIOn (NSA) has
been dIrected at the major crops, sorghum and alfalfa, and, to a lesser extent Sudan
grass, lablab, phIllIpesara (Vigna acomtifoha), and chtona BesIdes seed
multIphcation of cultIvated fodder crops, the RPA offices m some states carry out
opportumstic harvestmg of seed from both seeded pastures and natural stands
contammg a hIgh densIty of desIrable specIes The major constramts to forage seed
production mclude (1) marketmg pohcy, pnce determmatIon, and demand forecast
prIor to productIOn, (ii) hmlted trammg m production and processmg, and (m)
lImited research to select and develop new vaneties The government has drawn up
a polIcy to promote the seed mdustry by adoptmg the followmg measures (1)
draftmg a natIonal seed act, (n) estabhshmg a natIOnal seed councIl, and (m)
estabhshmg the Arab Sudanese Company for Seed ProductIOn as a Jomt venture
WIth the Arab AuthOrIty for Investment and Development and other partners
Short- and long-term plans to enhance forage seed productIOn should (1) gIve
pnonty to major lITIgated fodder crops (Abu Sabeen, hybnd multI-cut forage
sorghum, alfalfa, and lablab), (n) upgrade present efforts for collectIOn and
cleanmg of seed from natIve stands and seeded pastures, (m) encourage Jomt
efforts between research and other relevant mstItutIons to prOVIde farmers and
prIvate companIes WIth foundatIOn seed of adapted and Improved vanetIes, (IV)
mtegrate forage seed multIplIcatIOn mto lITIgated and ramfed farmmg systems, and
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(v) stimulate the exchange of mformatIon, genetIc materIal, and legIslatIOn to
facilitate seed trade with other countries

Introduction

The total area of Sudan IS about 250 mIllIon hectares The agrIcultural sector
consists of the tradItIonal dryland (5 2-71 mIllIon ha), mechamzed dryland (42
6 3 mIllIon ha), and lITigated (l 7 mIllIon ha) farming sub-sectors The area under
fodder crops IS estImated at 126,000 hectares, of whIch 46% IS m Khartoum State
Normally, 80-90% of the area allocated to fodder crops IS cultIvated annually
Sudan is endowed WIth a large lIvestock population, mamly raIsed under
tradItIOnal pastoral and agro-pastoral systems

AgrIculture is the mam source of foreIgn exchange and IS the baSIS of Sudan's
economy It contrIbutes about 36% of the country's gross domestIc product (GOP)
and 95% of its export earnmgs It also provIdes employment for 80% of the labor
force Livestock accounts for about 50% ofthe agrICultural GOP and about 50% of
the country's foreIgn currency earnmgs

Background

Sudan IS characterIzed by varIOUS ecologIcal zones WIth several speCIal areas of
umque eco-physIOgraphic features the Red Sea coast and assocIated hIlls,
mountams (Jebel Marra, Nuba, and lmmatong), the Sudd regIOn (swamps), and the
mland deltas of Gash and Tokar These areas are dommated by dIfferent
vegetatIOn types and are conSIdered Important pools of plant genetIc resources m
general and of forage speCIes m particular.

Overgrazmg, clearance of forests, and deliberate burning have depleted vegetatIOn
resources and endangered many deSIrable speCIes Recurrent drought has affected
various parts of the country over the last three decades, accentuatmg thIS trend and
mtensIfymg land degradatIOn.

Seed collectIon from natural grasslands and productIOn of fodder crops and
tropIcal pasture speCIes was once carrIed out by the Rangeland and IrrIgated
Pasture DIVIsions Large amounts of seed from natIve forage speCIes were
collected RPA nurserIes, dIstrIbuted across major agrIcultural and grazmg areas,
proVIded seed and cuttmgs of mtroduced and native forage plants These nurserIes
played an Important part m the germplasm conservatIOn of forage speCIes
Unfortunately, actiVIties in most of these nurserIes have ended due to (1) lImIted
operatIOnal funds, (11) lack of mcentIVes for techmcal staff to manage the umts,
and (iiI) change ofland ownershIp between government and corporate mstItutIons
The result IS a loss of valuable germplasm of local and exotIC speCIes
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Seed collectIOn and productIOn of forage species IS practiced maInly for the
rehabilItatIOn of degraded rangeland, the establIshment of Improved pasture, the
mtroductlon of forage legumes In fallow land and In rotatIOn with other crops, and
the enhancement of fodder crop production to Improve ammal production systems

Current Situation

Most traditIOnal farmers use their own seed for plantIng fodder crops such as
lablab and alfalfa Others stili fulfill their reqUirements from neighbors or local
markets for the above-mentIOned crops as well as for the forage sorghum vanety
Abu Sabeen

Orgamzed seed productIOn In Sudan commenced In the early 1930s, when a small
umt was establIshed WithIn the Agncultural Research Center (ARC) This unit
later became responsible for the multiplIcation of seed of released vanetIes The
responsibilIties and duties of the umt expanded over the years to meet the
reqUirements of development plans and Improved agricultural production

Durmg the 1970s, the seed mdustry m Sudan received InternatIOnal as well as
bIlateral assistance to strengthen programs and provide services and superviSIOn
This assistance enabled the relevant government InstitutIOns to strengthen their
capacity m seed productIOn, processmg, staff traInIng, and management

Institutional Framework

Several mstltutIOns are Involved In the seed Industry, With the leadmg ones under
the Federal MIniStry of Agriculture PublIc and corporate agricultural schemes
play a role In the productIOn of seed of certaIn crops, such as cotton Pnvate
companies are plaYIng an IncreaSIng role In seed productIOn, Import, and
marketIng, either through dIrect efforts or through sub-contracts With the NatIOnal
Seed AdmmlstratlOn (NSA)

National Seed Administration
In ItS early development, this admmlstratIOn was a small umt WithIn the breedmg
sectIOn of the ARC It was responsible for the maIntenance and bulkmg of
vanetIes In 1968 the umt was detached from the ARC and was upgraded to the
Plant PropagatIOn and Improvement Department (PPID) WithIn the DIrectorate of
Agricultural Services of the Mmlstry of Agriculture The PPID was the offiCial
body responsible for seed multiplIcatIOn of released varieties m the country

By the begmnmg of 1970 major changes had taken place, and steps were taken to
strengthen the role and actiVities of the PPID WithIn ItS mandate This was
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reflected m the estabhshment of satellIte seed stations adJommg ARC statIOns and
major agricultural productIon schemes

PPID's responslblhtIes and programs expanded further through the
ImplementatIon of the first and second phases of the FAO seed productIon and
certIficatIOn project It was gIven the responslblhty of supplymg schemes wIth
seed of all crops besIdes cotton More dutIes were gIven to PPID followmg the
Afncan Development Bank (ADB) and Afncan Development Fund (ADF) loan
dIsbursement m 1982 Tills necessItated the reorganlZatIOn of PPID and the
estabhshment of the NSA The NSA compnses two autonomous departments, the
Plant PropagatIOn Department (PPD) and the Seed CertIficatIOn Department
(SCD) The mandate of the NSA mc1udes manpower trammg m the vanous fields
of seed technology, productIon, and dlstnbutIon, promotIOn of the use of qUalIty
seed, estabhshment of new seed statIOns, seed quahty control, control of seed trade
wlthm the country and seed Import, chamng of the Seed CouncIl, and enforcement
of the Seed Act The NSA has ItS own marketmg system for the sale of seed of
dIfferent crops Its chents are government unItS, proJects, agncultural schemes,
pnvate companIes, and farmers

The reorganIzatIOn of the Mmlstry of Agnculture and Forestry (MAF), and the
adoptIOn of the federal system of government, have brought about obVIous
mstItutIOnal and functIonal changes The Seed PropagatIOn Department (SPD) and
the Range and Pasture Department (RPD) were both brought under the Drrectorate
General of Natural Resources and ProductIOn The ARC contmues to be an
autonomous body under the Mmlster's supervISIon The SPD IS responSIble for
certIficatIOn, regulatIon of the seed trade, and quahty control Other
responSIbIlItIes, whIch were earlIer under the NSA, have been delegated to vanous
mstItutIOns (Table I)

Table 1 ResponSibilities of institutions In the Sudanese seed industry

Institution ResponSibility
ARC, companies, UniVerSities, and institutions Breeding
Foundation Seed Unit, ARC Multiplication of foundation seed
Companies, seed Units of corporations, Multiplication of other seed categones

schemes, and farmers
National Seed Administration Certification and quality control
FSU, seed Units, companies, seed merchants, Marketing and dlstnbutlon

and farmers

Range and Pasture Administration (RPA)
The RPA was establIshed m 1947 as a sectIon m the Department of Vetennary
ServIces to carry out actIVItIes related to rangeland conservatIOn and management,
and the proper dlstnbutIOn of water resources to allow balanced utlhzatIOn of
grazmg resources Later, these actIVItIes were extended to seed productIOn of
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fodder crops and lITIgated pasture and forage speCIes In 1973, the RPA was
transferred to the Mmlstry of CooperatIon and Rural Development (MCRD) and
was upgraded to a department There It pursued Its former goals and
responsIbIlItIes However, the transfer resulted m the dIsruptIOn and weakenmg of
ItS actIvItIes and lmks WIth the anImal productIOn statIons, whIch contmued to
operate under the MmiStry of Arumal Wealth

When the MCRD was dIssolved, the RPA was transferred to the MInIStry of
Agnculture as an admmlstratlve body WIth three mam dIVISIons rangeland,
lITIgated pasture, and pastoral studies

Agricultural Research Center (ARC)
The ARC IS responsIble for the collectIOn and conservatIOn of plant genetIc
resources, plant breedmg, vanety Improvement, and chamng the TechnIcal
Vanety Release CommIttee (TVRC) meetmgs Moreover, the ARC carnes out
research on cultural practIces that mfluence seed yIeld and qualIty

The Arab Sudanese Seed Company (ASSCO)
This company (ASSCO) was establIshed recently as a Jomt venture between the
Sudanese government and the Arab Authonty for Agncultural Investment and
Development (AAAID) The mandate of ASSCO compnses (1) productIOn of
Improved seed for a number of maJor food crops, (11) productIOn ofhybnd seed of
maIze and sunflower, WhICh are presently Imported, (m) productIOn of fodder
crops such as alfalfa and sorghum, (IV) supply of foundatIOn seed to produce
certIfied seed, and (v) contnbutIOn to the development of the seed mdustry m
Sudan through research and development

Fodder crops are planned to be produced at EI-Hudelba, Khashm El-Glrba, Sennar,
and Dongola farms Plans do not mc1ude the productIOn of labor-mtenslve fodder
crops such as lablab, chtona, and phIllIpesara Targeted and average productIOn of
alfalfa and sorghum seed are summanzed m Table 2

Table 2 ASSCO fodder crops seed production targets

Crop Year and production (tonne)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Alfalfa
Sorghum (Abu Sabeen)

24 2 60 7 109 3 162 0 162 0
1,377 0 1,409 0 1,458 0 1,458 0 1,458 0

1620
1,4580

Private sector
The pnvate sector multIplIes and/or markets seed of vanous crops, mcludmg
fodder crops. It IS also actIve m the Import and marketmg of vegetable, sunflower,
maIze, and fodder crop seed
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The reputatIon of the NSA seed productIon program, and local demand for quality
seed of some crops, has encouraged the prIvate sector to invest m local seed
productIOn and marketmg A multmatIonal seed company, PIOneer, has established
a branch m Sudan and mvested m seed productIOn of alfalfa and sorghum The
PIOneer breeding program has resulted m the development and release of a
sorghum hybrId, PIOneer 988, that performs better than the local varIety, Abu
Sabeen. PIOneer has also mtroduced alfalfa varIety 5929 This varIety, however,
has not attracted the mterest of farmers because of Its low performance compared
to the local varIety, Hlgaz.

Farmers
Farmers playa crucIal role m the mformal seed supply system, especially m the
Nahr En-NIl and Northern States TradItIOnally, all vegetable, and substantial
amounts of fodder crop (alfalfa, sorghum Abu Sabeen, and lablab) seed, are
produced by farmers and exchanged locally by cash, barter, loan, and gIft Still, a
good amount of seed produced by farmers finds its way to the markets of
Khartoum State, whIch IS the major Irngated fodder productIOn area of the
country The productIOn of alfalfa and Abu Sabeen seed by farmers meets most of
the country's reqUirement

Seed Legislation and Control

Efforts have been made to prepare seed legIslatIOn wIth relevant regulations to
support development of the seed sector (Lememann and Peterson 1983) However,
enactment of the Seed Act came only m 1990 Although some aspects of quallty
control are not sufficIently covered by the Act, many basIc Issues, such as the
definitIOn of VarIeties, cultlVars, hybrIds, breeder seed, breeders rIghts, field
mspectIon, laboratory tests, penalties, and appeals, have been paId suffiCIent
attentIOn (Mohammed and All 1996)

RegulatIOns assocIated wIth the 1990 Seed Act concern mamly alfalfa, barley,
maIze, sorghum, millet, and lablab The Seed Act Itself has not clearly addressed
the Issue of collectIon and trade of seed of natIve forage speCIes, nor has It covered
the multiplication and marketmg of locally-produced seed of tropIcal pasture
speCIes

The Seed Council

VarIOUS projects that provIde funds and technical aSSIstance to the seed mdustry
have strongly recommended the establlshment of a Seed CouncIl (SC) to adVise
the Federal Minister of Agriculture on matters and programs relevant to the seed
mdustry The Seed CouncIl's responsibillties and duties are stipulated as follows
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• Supervise the seed mdustry and orgamze Its activities

• Advise the Mmlster on aspects of productIOn, handhng, and development of
seed trade

• Endorse specificatIOns and conditIOns of seed advertised for marketmg and
trade

• Outhne prmclples and procedures reqUired for variety registratIOn and seed to
be marketed

• Prepare plans and design sUitable polIcies to enhance seed sector development

Forage and Pasture Seed Production

The productIOn of forage and pasture seed and cuttmgs IS an Important activity of
the Range and Pasture Admimstratton through ItS nurseries, which are specialIzed
seed farms and ammal productIOn research statIOns Seed collectIOn of forage
species IS practiced m several states to meet local reqUirements for seedmg
rangelands and to provide a surplus for other states This opportumstIc harvestmg
of seed from Improved pasture or natural grasslands IS still practiced, but only to a
lImited extent due to lack of funds

The NSA IS also mvolved m the productIOn of seed of variOUS fodder crops
through Its seed farms and sub-contracts However, the range of species for which
seed IS produced has been narrowmg durmg the past few years

Seed production by the National Seed Administration
The NSA has been mvolved m the productIOn of seed of fodder crops as well as
Sudan grass, chtorIa, lablab, and phIlhpesara The seed productIOn area for all
NSA farms does not exceed 126 hectares for Abu Sabeen and 84 hectares for
alfalfa However, contract growers from Nahr En-NIl, Northern, Kassala and
Sennar States planted about 840 hectares of alfalfa and 210 hectares of Abu
Sabeen for seed productIOn

Seed production by the Range and Pasture Administration
Statistics are scarce on seed productIOn and data collectIOn done by the RPA
What IS avaIlable IS fragmented data from mdlVldual states regardmg their local
activIties

In the early 1970s, pIlot work for the mtroductIOn of forage and dual-purpose
legumes m mechamzed farmmg schemes mdicated the potential for productIOn of
both forage and seed mAgadi (Table 3)
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Table 3. Seed production of forage and dual-purpose legumes in Agadl

Scientific name Common name Production kg/ha
Crota/ana thebalca Sunnhemp 695
Cyamops/s psora/OJdes Guar toxll 745
Cyamops/s psora/oldes Guar FB 823
Cyamops/s psora/OJdes Guar Indian 750
Phaseo/us aureus Green gram 592
Stlz%bJUm deennglanum Velvet bean 364

Source Zaroug (1974)

In Gedanf State, multIphcatlOn of fodder crop seed was practiced at the KaJrah
nursery Abu Sabeen was the malll crop produced, but hmlted amounts of chtona,
Sudan grass, panlcum, and buffel grass were also produced The RPA office III

Gedanf State IS also lllvolved III the collectIOn of native forage speCIes seed (Table
4), whIch are utIhzed III conjunction wIth Imported pasture seed for rangeland
seedmg.

Table 4 Forage species seed in Gedanf State and seed source (July 1997)

SpecIes Amount of seed (kg) Source of seed

Collected Introduced
B/ephans edu/Is
B/ephans edulJs
Cenchrus cIlJans
Ch/ons gayana
Clltona ternatea
Croto/ana senega/ens/s
Cyamops/s psora/oldes
Pan/cum c%ratum

15,000
600

3,000

50
50
10

450
2,000

Butana grazing land
Gadamballeh farm
Austraha
Austraha
Gadambaheh farm
Kassala state
Gadambaheh farm
Kassala state

The former Eastern State and Kassala State are Important areas for the collection
of seed of native forage speCIes. Up to 22 5 tonnes of seed of local and llltroduced
forage speCIes was collected III Kassala State III 1996 ThIS amount consIsted of
70% Pamcum coloratum, 10% Crotalarza senegalensls, 8% Ipomoea cordofana,
5% Eragrostls tremula, 5% Chlorzs gayana, and 2% Blepharzs edulzs (Table 5)

The Gash Delta IS an Important source of seed for several native forage plants
Cenchrus cllzarzs IS collected III the Tllldelhe area by dIrect labor under the
technIcal supervIsIon of RPA staff The seed IS collected after It falls on the
ground, and 15-45 kg/day per person can be collected, based on stand denSIty,
WIth seed punty of about 85% Cenchrus setlgerus IS also part of the natural
vegetatIOn cover of the Gash Delta, but It IS normally not found covenng large
areas III dense stands. Thus, local laborers are not encouraged to collect ItS seed, as
It takes so much time and effort to fill one sack (the measure of labor)
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Table 5 Areas seeded and quantities of seed used In the eastern region and Kassala
State.

Season Area seededt QuantIty of seed Type of seed

Inside Outside (kg)
1990/91 2,100 4,200 27,000 P c%ratum, Anstlda spp
1991/92 3,430 8,400 45,000 P c%ratum Anstlda spp
1992/93 2,940 8,400 37,500 P c%ratum, C clltans,

Eragrostls tremu/a
1993/94 3,360 10,500 60,000 P c%ratum C clltans,

Ch/ons gayana, E tremu/a
1994/95 3,360 8,400 6,000 P c%ratum, Anstlda spp ,

E tremu/a, C clltans
1995/96 2,520 10,500 52,500 P coloratum, Anstlda spp ,

E tremu/a, C ci/ians

t InsIde or outsIde grazing penmeters

Other natIve speCIes, whIch are rncluded ill seed collectIOn campaIgns, are
Eragrostzs tremula and Rhynchosza memnonza, whIch grow rn flood-Imgated
areas and along ImgatIOn canals The latter speCIes IS a perennIal legume that IS
collected and seeded rn the form of pods, as threshrng and cleanrng rnvolve
addItIOnal cost and tIme Panzcum coloratum seed IS also collected from flood
Imgated areas For thIs specIes and Eragrostls tremula the whole seed-contarnrng
panIcle could be harvested If tIme and funds permIt, seed may be threshed,
otherwIse uncleaned seed may be sown dIrectly ActIVItIes of the RPA office rn
Kassala State to multIply seed of fodder crops under flood ImgatIOn rn the Gash
Delta are hmited In Darfur, the collectIOn of natIve forage speCIes rncludes
Arzstzda spp, Brachzarza, Blepharzs spp, Cenchrus, and Echznocloa colonum
LImIted amounts of seed of Siratro, chtona, and phIlhpesara are also harvested

Seed collectIOn from natural stands, nursenes, and grdZrng penmeters IS also
practIced rn Kordofan NatIve speCIes such as Andropogon gayanus, Arzstlda spp ,
Blepharzs, Cenchrus spp, Dactyloctenzum aegyptzum, Echznocloa colonum, and
Eragrostls tremula, as well as seed of fodder crops such as cowpea, green gram,
and lablab, are harvested and collected

Seed import
Seed Imports of fodder crops are hmited to alfalfa and forage sorghum (Table 6)
Seed Imports of tropICal pasture speCIes are rare and are assocIated marnly WIth
the FAa technIcal aSSIstance to RPA rn 1985/86 and the World Bank agncultural
development project rn 1993

TropICal pasture speCIes Imported for rangeland rehabIhtatIOn rnclude Cenchrus
czlzarzs, C setzgerus, Chlorzs gayana, Panzcum spp , and Stylosanthes spp from
Kenya, and Brachzarza ruzzzzenSlS, C cllzarzs, C gayana, Stylosanthes guzanenszs.
S hamata, and S scabra from AustralIa
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Table 6 Alfalfa and forage sorghum seed Imports (kg).

Year Alfalfa

Higazi 5929

Sorghum

Pioneer 988

1989
1990
1991
1992
1993
1994
1995
1996

1,000

115,000

40,000

61,428
60,000

305,850
1,300

38,000
56,000

Source unpublished data collected by M A Ali, NSA

Progress

The fonnal seed mdustry m Sudan has neglected the productIOn of seed of forage
and pasture speCIes Seed reqUlrements for these speCIes have mamly been met by
fann-saved seed As daIry productIon around the capItal and urban centers
flounshed, the area under fodder crops grew rapIdly, leadmg to an mcreased
demand for quahty seed Imtlally, a small proportIOn of tlus demand was met by
the NSA and RPA through the productIon of Abu Sabeen, Sudan grass, and alfalfa
seed The PIOneer Seed Company consohdated these efforts through the
mtroductIon and productIon of fodder crop seed, whIch culmmated m the release
of sorghum PIOneer 988 and alfalfa 5929 The achIevements of PIOneer
encouraged other companIes, such as PacIfic Seeds, to hasten the mtroductIOn and
evaluatIOn of other fodder crops

Makmg fanners aware of the Importance of quahty seed and the mtroductIOn of
seed processmg technology are among the posItIve aspects of the seed
development program Progress has also been made on the mtroductIon of a
system of dehvenng seed m small packages to sult the requIrements and fmancial
abihtIes of small producers

Constraints

Socioeconomic constraints These mclude, but are not hmlted to, the followmg
SItuatIons.

• MultIphcatIon contracts are nonnally gIven to larger fanners, neglectmg
resource-poor fanners and female-headed households, whIch are typIcally short
of both labor and fmanclal resources

• Marketmg pohcy, pnce fixatIon, and demand forecast pnor to productIon
constItute major constramts Marketmg IS blocked by madequate management,
transportatIOn problems, msufficlent storage faclhtIes, and madequate credIt
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Technical constraints. The most promment techmcal constramts are

• Shattermg, whIch occurs wIth some grass and legume speCIes m general and
phIllIpesara m partIcular ThIs dIscourages multIplIcatIOn of these speCIes and
theIr use m crop rotatIOns

• Lack of expertIse m the certIficatIOn of seed of forage speCIes CertIfication of
forage seed IS somehow dIfferent from other cereal or gram legume seed The
methodology used for field mspectIOn, seed testmg, and blendmg of lots
constitutes a new area for trammg

• Local germplasm and mtroduced speCIes are lost because nursenes are
abandoned and/or converted to other uses The remammg nursenes are small
and theIr actIVItIes are lImIted Also, no regular records are kept to mamtam
data and mformatIOn for mterested SCIentIsts and techmcal staff

Manpower and staff training Important constramts m thIS area mclude

• Poor qualIfication of employment manpower Most of those mvolved m fodder
crop and pasture speCIes seed productIOn have no official trammg m seed
multiplIcatIOn and technology

• Trammg opportumties to ImprOve skills of personnel engaged m seed
productIOn are scarce Only recently have a few national UnIVersItIes mcluded
seed technology m theIr cumcula Even trammg prOVIded by mternatIonal
organIzatIOns and research centers benefits mamly those engaged m food and
cash crop seed multIplIcatIOn and processmg

Other constramts ThIs covers polIcy, legIslatIve, and other problems and
mcludes

• LimIted mechanIsms and ImplementatIOn efforts to enhance seed productIOn to
match the needs and goals of natIOnal agncultural development plans The
medmm- and long-term plans call for an mcrease of more than 150% m qUalIty
seed productIOn to meet the reqUIrements of an mcreasmg human populatIOn,
expanSIOn of agro-mdustnes, and export of agncultural products

• The area of responsIbIlIty of the MmiStry of Agnculture and Forestry, as
detaIled m the 1990 Seed Act, whIch was drafted and passed pnor to the
ImplementatIOn of the federal system of government, IS no longer adequate, as
no subsequent modIficatIOn has been made to deal WIth changes brought about
the new system of government.

• The scenanos for mtematIOnal lInkages WIth respect to seed polIcy and
regulatIOns to facIlItate dissemmatIon of seed across borders m tImes of
disaster are not well-defmed
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Conclusions and Recommendations

Policy. The government should adopt polIcIes to encourage actIve mvolvement of
the pnvate sector m the development of seed productIOn of fodder crops and
pasture speCIes.

The government should take actIOn to re-actIvate the Seed CounCIl, the adVISOry
body responsIble for the preparatIon of medlUm- and long-term plans for the
development of the seed sector m general and forage and pasture seed in
particular It should then pursue efforts and coordmate actions to Implement the
approved programs The Seed CouncIl should take necessary measures to

• AVOId discontmUlty of polICIes and programs and uncoordmated efforts m
order to ensure stabIlIty withm productIOn, processmg, marketmg, and
certIficatIOn systems.

• ProvIde suffiCIent fundmg to programs, mcludmg seed research

• Develop and empower a subSIdIary body to reVIew plans and momtor
Implementation ofprograms m a manner that allows achIevement of goals

Legislation. LegIslatIon should be reVIewed and necessary amendments should be
made to the Seed Act m order to

• Sort out federal and state government responSIbIlItIes and dutIes

• Include Items to cover seed productIOn, collectIOn, and marketmg of fodder
crops and pasture speCIes

• Ensure the ImplementatIOn of the vanous regulatIOns assocIated WIth the Seed
Act

• ImtIate regIOnal coordmatIOn to faCIlItate cross-border movement and exchange
of seed.

Integration of seed production into dryland and irrigated farmmg systems.
Efforts should be made and mcentives prOVIded to mclude pasture and fodder
crops withm the farmmg systems to produce seed on a commerCial baSIS Annual
crops such as lablab and Sudan grass can proVIde one or two cuttmgs for forage,
and re-growth can be allowed to flower and set seed Perenmal crops and pasture
speCIes such as alfalfa, clItona, buffel grass, and Rhodes grass can grow for 3-5
years and proVIde both seed and forage from the same stand Seed crops, If
properly handled, can prove productIve and profitable and can mcrease farmer
mcome Such systems reqUIre techmcal aSSIstance and guIdance to ensure proper
establishment and effectIve management of the crop to ultImately achIeve seed
productIOn targets

Seed production planning The gaps m knowledge about forage speCIes
productIOn and statIstIcs on areas allocated to fodder crops and amounts of seed
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reqUIred hInder proper plannmg StatistIcs and data allow effective and early
forecast of needs, and assIst producers to make arrangements to produce and make
aVaIlable qualIty seed It IS expected that cultIvar development and the amount of
seed produced m the future WIll depend on trends m range seedmg and Improved
pasture establIshment m areas to be put under fodder crops

Areas for future research. These areas should be contmuously addressed by the
ARC, proJects, and unIversItIes They mc1ude, but are not lImIted to

• EvaluatIOn and selectIOn of adapted and hIghly-productIve species and vanetIes
for speCIfic ecologICal zones or agncultural productIOn systems ThIS WIll help
ensure a constant flow of Improved vanetIes and hybnds of fodder crops and
pasture specIes

• EstablIshment of m Sltu conservatIOn of forage germplasm m well-dIstnbuted
regIOnal nursenes These nursenes should be managed as reserve hvmg
matenal and a dependable source of seed It IS essentIal to ensure contmUIty,
management, and mamtenance of these nursenes to form a reservOIr of local
and mtroduced forage specIes that can prOVIde researchers WIth a pool of
genetic matenal for selectIOn and other breedmg purposes

• Study of the economICS of seed productIOn ThIS IS a neglected area m the seed
mdustry of Sudan Data on the seed busmess IS lackIng and dIfficult to fmd m
one admmistratIOn The tradItIOnal seed productIOn system run by farmers IS
not well-studIed or documented, whIch makes Improvement dIfficult Indeed,
the economICS of seed productIOn of vanous sectors IS an urgent Issue to be
studIed and documented

Technology transfer. ImmedIate actIOn should be taken to effectively hnk and
enhance cooperatIOn and constructIve mteractIOn among research, extenSIOn, and
forage and pasture seed producers Techmcal aSSIstance should be proVIded to
these producers to motivate them to expand to the prodUCtIOll of forage speCIes A
core extenSIOn staff, WIth WIde techmcal and practIcal expenence m seed
multIplIcatIOn and technology, should be estabhshed to aSSIst farmers and pnvate
companIes to Implement sound programs and adopt effiCIent practIces to produce,
harvest, process, and handle forage seed.

Training. TropIcal pasture and forage speCIes seed reqUIre handlmg and treatment
that are somewhat dIfferent from field crops seed Hence, forage and pasture seed
programs requIre a well-defmed trammg strategy that should be deSIgned and
Implemented m a manner that WIll allow local staff to acqUIre knowledge and
skills The creatIOn of a core of well-tramed seed technologIsts and analysts IS an
essential element and a useful tool to strengthen the seed productIOn capabIhtIes of
natIOnal programs
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Initiation of linkages with other countries, ARCs, and organizations ThIS IS

envIsaged as bemg carned out through the followmg actlOns

• Exchange of seed and plantrng matenal wIth sImIlar rnstItutlOns m developrng
countnes and ARCs

• PromotIon of lrnks between natIOnal rnstItutIons rnvolved m the seed mdustry
and rnternatIonal orgamzatlOns actIve rn the field of forage speCIes seed
productIOn, research, and technology

• Encouragement of reglOnal seed trade. Such trade should be based on standards
and should have a mechanIsm for regIOnal forecast of possIble seed
reqUirements rn concerned countnes
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Forage Crop Seed Production and
Research in Egypt

M.A. EI-Nahrawy and A. Rammah
Forage Crops Research Institute, ARC, Giza, Egypt

Abstract

ProductIOn of herbage seed has a long tradItIOn m Egypt Berseem and alfalfa seed
IS produced m small areas as a secondary product, mamly for forage Egypt's
margmal lands comprIse smallholdmgs where landraces of self-fertIlIzed forage
crops and populatIOns of cross-pollinated forage crops predommate DespIte the
avaIlabIlIty of essentIal factors for seed productIOn, such as a wIde genetIC base of
the mam forage specIes, a favorable clImate, and hIgh seed demand by foreIgn
markets, lIttle effort has been made to establIsh a seed mdustry for forage crops
The publIc sector plays almost no role m forage seed productIon and 'mpply The
Forage Crops Research Department, affilIated wIth the AgrIcultural Research
Center of the Mmlstry of Agnculture, has contrIbuted SIgnIficantly III Improvmg
the flow of breeder seed On-farm demonstratIOns usmg developed high-yleldmg
cultlvars of varIOUS forage speCIes have shown that the use of these cultlVars on
farmers' fields could enhance forage productIvIty by 20-25% One uf the baSIC
lImItatIOns to achlevmg thIS goal IS the lImIted avaIlabIlIty of seed of Improved
cultlvars to replace obsolete varIetIes at a sUItable rate

Introduction

About 96% of Egypt's land IS desert The cultIvated area, all of whIch IS fully
lITIgated, accounts for only 4% of the area The NIle RIver IS the mam source of
lITIgatIOn About half of the cultIvated area (I 5 mIllIon ha) IS devoted to groWIllg
berseem clover (Trifollum alexandrzum L), WhICh IS the mam source of lIvestock
feed m Egypt Egypt IS dependent mamly on lITIgated forages for lIvestock feed
Seed IS a major mput m agrIculture WIthOUt formal seed productIOn and
dIstrIbutIOn systems, Improved hIgh-yIelding VarIetIes cannot be made avaIlable to
farmers Improved seed supply leads to an mcrease m productIVIty and feed
supply

Forage Species Grown in Egypt

Berseem IS the oldest cultIvated specIes and the basIc forage crop for a sustamable
croppmg system III Egypt It IS the major wmter forage crop and precedes cotton m
rotatIOn as a means of enrIchmg the soIl wIth atmospherIc llItrogen Other forage
crops of secondary Importance are alfalfa (Medlcago sativa L), Sudan grass
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(Sorghum sudanese), pearl millet (Penmsetum glaucum L), bonavlsta bean
(Dolzchos lablab Schum), and toesmte (Euchlanea meXlcana Schrad) (Radwan
and Rammah 1992) Alfalfa IS mdlgenous to most of the Oases m the New Valley,
and there IS a tendency to expand alfalfa cultivation mto the newly-reclaimed land
In the Egyptian desert The area cultivated to alfalfa has reached about 63,000
hectares Umque local ecotypes and varieties of different forage species Include
berseem clover, alfalfa, pearl millet, Sudan grass, cowpea, toesInte, and Lathyrus
Genetic variabilIty In forage productiVity, plant type, number of cuts per growmg
season, and tillermg has been found In farmers' seed lots of berseem clover (El
Nahrawy et al 1996b) Evaluation, utilIzation, and enhancement of the collected
matenal have resulted In improved high-yleldmg berseem cultlVars Indigenous
forage species are essential for the expansIOn of agriculture Into desert areas,
where most other plant speCies are unable to grow

Breeding Program: Collection, Evaluation, and Selection

Dunng the last decade, hundreds of local berseem germplasm accessions were
collected by the Agncultural Research Center (ARC) m collaboration with IPGRI
Studies have shown a Wide variatIOn In agronomic performance among accessions
that reflect regional adaptatIOn to edaphlc and clImatiC conditIOns (Table 1)

Table 1 Performance of collected seed samples of berseem.

Region Number Trial Forage yield Percent of lots
of seed location that exceeded
samples check by more

collected Mean Range than 20%

Middle Delta 100 Giza 562 405-72 4 120
Gemmlza 633 455-831 190

Southern Delta 72 Giza 548 276-739 069
Gemmlza 636 455-805 139

MIddle Egypt 46 Giza 602 376-731 130
Gemmlza 643 369-814 043

Upper Egypt 22 Giza 531 355--614 045
Gemmlza 564 381-719 045

Fayoum 4 Giza 659 586-709
Gemmlza 693 664-717

Unknown 87 GIza 693 293-714 034
Gemmlza 586 374-791 046

Adapted from EI-Nahrawy (1980)

Selection from thiS matenal resulted m several improved synthetiC varieties On
on-farm tnals most of the improved berseem cultIvars outylelded farmers'
cultIvars by 8-11 % (Table 2)
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Table 2 Performance of improved berseem cultivars averaged over 18 provinces
(1992193 and 1993/94)

Cultivar

Farmers' cvs
Hllah
Giza 15
Sakha 4
Gemmlza 1

Number Herbage yield (t1ha) Percentage of
of data superiority over

years Mean Range farmers' cultlvars

2 11750 9312-14293
2 13029 10084-15376 1089
2 12758 9769-16495 858
1 12679 9255-16793 791
1 12871 9350-16392 954

CollectIOn, evaluatIOn, selectIOn, and varietal Improvement of local alfalfa
ecotypes resulted In the development of high-yieldIng cultIvars that outylelded
Introduced cultlvars Local alfalfa ecotypes evaluated at IsmaIlm Research StatIOn
outylelded DFP-S, the variety Introduced from France Alfalfa vanetles developed
from local germplasm outylelded WL-605 In different locatIOns and on different
soil types. Similarly, some local populatIOns of pearl millet outylelded Introduced
populatIOns and hybnds Table 3 demonstrates the effect of soil type on forage dry
matter productIOn Pearl millet was sensItIve to salt but performed well on
calcareous soil.

Table 3 Effect of sOil type on dry matter production of pearl millet

Location Soil type Averaged dry forage (t1ha)

Trlal1 t Trial 2
Nubana Calcareous 8 72 a 8 19 a
Shandaweel Clay 6 10 b 6 13 b
Sakha Gemmlza Moderately salt-affected 2 38 c 2 12 c
Ismalha Sandy 1 75 d 1 79 d
EI-Serw Severely salt-affected 1 08 e 1 10 e

tTnals 1 and 2 Included 11 and 7 populations and hybnds. respectively

Umque ecotypes of vanous forage species were recogmzed, and their
morphological IdentIty was maIntaIned because farmers were keen to produce their
own seed

ExceptIOnal local ecotypes and vaneties of berseem clover (EI-Nahrawy et al
1996a, 1996b), alfalfa (El-Nahrawy and Rammah 1995), and pearl millet are
regarded as a pool of variability for breedIng and development of Important forage
varietIes Variety trials show that Introduced alfalfa vanetIes often perform less
well than local ones (El-Nahrawy and Rammah 1995)

91



Forage Seed Production: Potential and Limitations

Despite the availabIlity of Improved and high-yielding cultivars of varIOUS speCies
for both forage and seed production, forage seed productiOn IS not well-developed
The public sector plays almost no role m forage seed productiOn and supply Most
of the aval1able seed is produced by farmers Farmers have tradItionally produced
their own seed or purchased what they needed from local markets ThiS seed IS not
controlled and IS of poor quahty (EI-Nahrawy et al 1996c) Nevertheless, villages
were originally self-sufficIent m berseem seed

Seed Export

Due to the valuable and deSIred agronomIc characterIstics of Egyptian forage
ecotypes and cultivars m general, and berseem clover and alfalfa m partIcular,
large amounts of seed are currently exported to many countries In 1989, Egypt
exported almost 7,400 tonnes of berseem seed Smce then export demand has been
mcreasmg, and IS now about 13,000 tonnes per year Furthermore, local alfalfa
varieties (1 e Siwa and Ismalha 1), characterized by hIgh levels of tolerance to
salinity, have gained recogmtIon in Argentma (Rammah, personal
communication), resultmg m mcreased export demand for seed Argentma IS
currently seeking to import about 2,500 tonnes of alfalfa seed annually of these
two Egyptian cultIvars, but seed IS not available to meet thiS demand

Conclusions

Although the forage seed mdustry IS not well-developed m Egypt, it has great
potentIal. Most, If not all, of the essential factors for a successful forage seed
industry are avaIlable m Egypt, mcludmg adequate lITIgatiOn, harvest and
maturation periods free from rain, and sUItable soIl DespIte these natural
advantages, some seed productiOn problems remam to be solved, such as proper
pollination of alfalfa, pest control (especially under intenSIve productIOn), and
mamtaimng a balance of avaIlable trace elements m the newly-reclaimed sandy
soil. Improvements m these areas would mcrease the potentIal of forage seed
production in Egypt, provIded a sound mfrastructure for a seed mdustry based on
forage crops is estabhshed.
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Problems and Progress in
Forage Seed Production in Cyprus

D. Droushiotis
Agncultural Research Institute, Nicosia, Cyprus

Abstract

ThIS paper presents research findmgs on the most Important forage crops for use in
the low ramfall areas (200-350 mm) of Cyprus, with reference to agronomic
charactenstIcs such as establIshment, growth habIt, YIeld, and quality Low rainfall
lImIts the number of crops that can gIVe satIsfactory bIOmass and seed yield
ExpenmentatIOn under local condItIOns has shown that the most sUItable crops are
annual cereals (mamly barley and oat, and to a lesser extent tritIcale and ryegrass),
annual legumes (vetch and fodder pea), and mIxtures of cereals and legumes
(vetch and pea grown WIth oat or trItIcale) These mIxed crops produce more hay
than pure legumes, although of lower qualIty. It has been shown that forage
productIOn can be maximIzed and qualIty enhanced through better cultural and
management practIces, such as sowmg the nght vanety on tIme and using
recommended seed and fertilIzer rates as well as usmg the nght harvestmg method
Throughout the expenments, the productIOn and avaIlabilIty of seed was a prime
consideratIOn Seed productIOn of barley, the mam forage crop in Cyprus, and of
most other cereals, IS fully mechamzed, while that of legumes m general and
medICS m partIcular, IS not Seed productIOn practIces are also discussed.

Introduction

Rainfall m the MedIterranean basm is restncted to a short penod m the wmter
months (November to Aprl1), WIth unpredictable dIstribution throughout the
croppmg season As a result, only a very few speCIes can grow and gIve
satisfactory yield Under these condItIOns, It IS necessary to conserve part of the
winter productIOn m the form of hay or sl1age for utIlIzatIOn dUrIng the rest of the
year The chOIce of crops m ramfed agnculture is lImited to drought-tolerant
speCIes BeSIdes reSistance to drought, other major conSideratIOns m the selection
of forage crops mclude (i) versatIlIty of utIlIzatIon (used as gram and straw,
grazed, or conserved as hay and sl1age), (n) high potentIal for forage production
and ease of seed productIOn, (m) effiCient utIlIzatIOn of aval1able mOIsture, and
(IV) ease of plantmg and adaptatIOn to mechamcal harvestmg.

The mam objective of thIS paper is to report the findmgs of research concerning
the most important crops that can be used as forages m the low rainfall areas (200
350 mm) of the Mediterranean basin, With partIcular reference to agronomIC
charactenstics such as growth habIt, establIshment, Yield, and seed production.
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Forage Crops Grown in Cyprus

ExpenmentatIOn under Cyprus conchtIOns has shown that the most sUItable crops
are (1) annual cereals, partICularly barley and oat, and to a lesser extent tntIcale
and rye, (n) annual legumes such as vetches (lana, common, and narbon) and
fodder pea, and (m) mIxtures of cereals and legumes, such as vetch and pea grown
WIth oat or tntIcale (the cereal servmg as a support to prevent the legume crop
from lodgmg) These mIxed crops always produce more hay than pure legumes,
although of lower qualIty

Annual Cereals

Barley
ThIS IS the most Important crop and IS used for gram and straw It can be grazed or
converted mto hay or sIlage, dependmg on need UntIl 1978, the only vanety
grown for hay was AthenaIs, WhICh IS outYIelded by the vanetIes Morocco 628
and Alger 48 (Had]Ichnstodoulou 1976) Alger 48 has hIgh tIllenng capaCIty, a
prostrate growth habIt, and can be eIther grazed or repeatedly cut at the tlllermg
stage up to four tImes a year Two new barley vanetIes were recently released
Hooded-94 and LYSSI Hooded-94 has no awns but has hoods The hay of thIS type
of barley IS more palatable than awned or awnless barley If cut after the headmg
stage when dry matter, protem, and dIgestIble yIelds are at theIr hIghest Hooded
94 has more vegetatIve growth and gIves about the same dry matter but produces
more seed than Morocco 628 LySSI has hIgher vegetatIve growth and produces
more seed but about the same dry matter yIeld as Morocco 628 Lefkomco and
Kythrea are new barley vanetles recommended for cultIvatIOn on the baSIS of gram
and straw YIelds

Oat
Oat IS grown for hay, eIther alone or m a mIxture WIth fodder pea or vetch The
Agncultural Research Instltute recently released two new oat vanetIes for hay
productIOn Mulga IS SUItable for cultIvatIOn only m pure stands, whIle Algenan IS
SUItable for eIther pure stands or m a mIxture WIth vetch or fodder pea
(DroushIOtIs 1989a, 1990) Algenan reaches the mIlk stage of gram 10 days later
than Mulga, whIch IS an advantage because hay productIOn can be spread over a
longer penod for easy cunng

Annual Legumes

It IS well known that legumes are more palatable and have a hIgher dIgestIbIlIty
and crude protem content than cereals However, theIr prostrate growth habIt
renders legumes dIfficult for mechamcal harvestmg Legumes such as vetch and
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pea are therefore frequently sown m mixtures with cereals (triticale or oat), which
serve as a support to prevent the legumes from lodgmg.

Common vetch (Vicia sativa)
This IS the most Important legume used for hay or forage productIOn m the seml
and regIOns of the Mediterranean basm Two vanetles are used 10 Cyprus the
local vetch and a new vanety, Achilleas, which matures one week later than the
local variety (DroushlOtls 1992a)

Forage pea (Pisum sativum)
ThiS legume IS mamly used for makmg hay, and should be sown 10 mixtures with
oat or triticale The penod for haymakmg IS between flowering and the time when
the seed is well-formed, otherwise drymg becomes difficult, resultmg 10 moldmess
of the seed and reductIOn m palatability. A new (dry) fodder pea vanety,
Kontemenos, was recently released for gram production (Hadjichnstodoulou
1994).

Narbon vetch (Vicia narbonensis)
ThiS species of vetch IS relatively unknown as a commerCial crop In Iraq and
Turkey It IS used as a pulse for human consumption or as livestock feed It appears
promlsmg under Mediterranean conditions Dry matter, digestible orgamc matter,
and crude protem yields of narbon vetch were 11, 15, and 14% higher than those
of the local vetch, respectively SImilarly, accordmg to Droushiotis (1992b),
narbon vetch has a higher gram yield (2,470 kg/ha) than the local vetch (1,906
kg/ha)

Medic (Medicago spp.)
Under Cyprus condItIOns, mediCS show disappomtmg results when used 10 rotatIOn
with cereals on arable land and for pasture Improvement on margmal lands. The
malO reasons for thiS failure are' (1) slow growth dunng wmter (December
February), resulting 10 severe weed competitIOn and late availabIlity of forage for
grazing; (n) lower dry matter yield compared to other legumes (common vetch and
lana vetch) and cereals, (in) unsatisfactory regeneratIOn for establIshmg a good
pasture stand m the followmg season, and (IV) dIfficulties 10 the production of
seed In expenments carried out in Cyprus It was found that the best varieties were
Borung and Cyprus (Medlcago truncatula) Some accessIOns belongmg to
Medlcago rzgldula, recently mtroduced by ICARDA, have shown promising
results The recommended seedmg rate for maximum dry matter yield IS 10-20
kg/ha, while for pasture development 20-30 kg/ha IS conSidered adequate Yield,
growth, and population denSity were not affected by application of P20S at 0, 45,
90, and 135 kg/ha (Droushlotls 1980)
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Management Techniques

Compared to cereals, lIttle work and less mformatIOn IS available on the cultural
practices of forage crops

Time of Sowing

Sowmg cereal and legume crops too early m the dry areas IS lIkely to be
dIsadvantageous, because SOlI mOisture may be msufficient to ensure adequate
germmatIOn Sowmg too late IS lIkely to reduce the length of the growmg penod
and thus restrict plant growth and productivity Therefore, sowmg time IS an
Important factor affectmg yIeld m dry lands Results from Cyprus (Photrades and
HadJIchnstodoulou 1984) show that under dryland condItIOns, there IS an opttmum
penod for sowmg, whIch depends on the ramfall pattern In Cyprus and Syna this
penod IS from about mId-November to mid-December

Seeding Rate

Under rainfed conditions seedmg rate affects forage crop yIeld Under this
condition, competltton for sOil mOIsture IS a critical factor Results from Cyprus
have shown that the optimum seeding rate for forage barley varIeties IS 185-200
kglha (HadJIchnstodoulou 1975, DroushlOtts 1989b) The hIgher rate reqUired by
tnttcale to obtam maxImum dry matter yIeld IS due mamly to ItS lower tillermg
capacity when compared to barley (HadJlchnstodoulou 1984) and oat

The optimum seedmg rate for lana vetch and common vetch IS 130 kglha, and 160
kglha for fodder pea (HadJlchnstodoulou 1975) The dIgestIbIlIty and crude
protem content of barley, oat, and triticale are not affected by seedmg rate
(DroushIOtls 1989b), nor IS the crude protein content of legumes
(HadJIchnstodoulou 1975) Hay yIeld of Lathyrus satzvus and narbon vetch
vaneties mcreases as seedmg rate mcreases from 60 to 140 kg seed/ha (the rates
tested were 60, 80, 100, and 140 kg seedlha)

The recommended seedmg rate for mIxtures depends on both the crop used and the
targeted dry matter yield (DroushlOtls 1989a)

Fertilizer Application

In the semI-and regIons, fertIlIzer reqUirements for forage crops depend to a large
extent upon soIl, climate, and particularly on the availabilIty of mOisture to the
crop Under ramfed conditIons, mtrogen rates can be based on the amount of water
stored m the soIl and on the amount of ramfall In Cyprus, not only IS ramfall
lImited m amount, but It IS also erratIc m dIstrIbutIOn As a result, neither forage
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nor gram YIeld, nor the fertIhzer reqUIrement, can be predIcted at seedmg Results
obtamed at the Cyprus AgrIcultural Research InstItute have shown that the
response of forage barley to nItrogen IS sIgmficant m years of relattvely hIgh
ramfall (350--400 mm) but less Important m dry years DroushIotIs and WIllman
(1987) report no response of barley to apphed nItrogen at 0,45, and 90 kg N/ha for
two succeSSIve croppmg seasons The lack of apprecIable response to nItrogen IS
due mamly to the presence of avaIlable N reserves m the soil resultmg from
manuring or precedmg legume or fallow (Papastyhanou 1989)

FertIhzatIon of leguminous forage crops can be consIdered only when there IS no
efficIent Rhzzobzum m the soIl It has been shown that for legumes whIch fix N2,

apphcatton of nItrogen fertIhzer does not mcrease dry matter YIeld, but m fact
suppresses the fixatIOn process (Papastyhanou 1988) A small dose of mtrogen
fertIlIzer (10-15 kg/ha) IS often recommended at sowmg However, when effiCIent
Rhzzobzum IS not present in the soIl, legummous seed must be moculated wIth the
recommended Rhzzobzum strams or N fertIlIzer should be applIed

Management Practices for Forage Seed Production

In Cyprus, seed productton of cereals and forage legumes IS mostly conducted by
farmers A combmatlon of knowledge and skIll IS the key element of satIsfactory
seed yIeld

Management practIces that are favorable for the estabhshment, growth, and
herbage productIOn of forages are generally also beneficIal m seed productIon
This IS partIcularly true when seed IS harvested opportunIstIcally after one or more
cuts durmg the season However, when growmg forages for seed productIOn, there
are certam practtces that are more Important for seed than for forage productIOn

Seedmg rate for seed productIOn IS usually lower than for forage productIon,
unless grazmg IS planned In Cyprus, barley IS sown at 200 kg/ha for forage
productIOn and at 100 kg/ha for seed (HadJIchnstodoulou 1975, Photlades and
HadJIchnstodoulou 1984) For the legumes, Vzcza satzva and pzsum satzvum, the
recommended seedmg rate for forage productIon IS 130 kg and 160 kg/ha,
respectIvely (HadJIchnstodoulou 1975), whIle for seed productIOn the normal rate
IS 100 kg/ha

The seed productIOn cost of forage legumes (Vzcza satzva and pzsum satzvum) m
Cyprus has mcreased consIderably dunng recent years because of h1gh mput costs,
the shortage of labor, and inadequate mechanIZatIOn Consequently, Cyprus seed
pnces of common vetch are no longer competItIve m the mternatIonal market As a
result, seed export of these legumes has ceased and Cyprus has recently become a
net Importer of thIS product
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Some trials have been conducted on mechanical harvestmg of forage legumes to
reduce seed productIon costs, wIth encouragmg results However, full
mechanIzatIOn cannot be applIed m hIlly areas where View sativa IS grown mamly
for seed Consequently, the area for legume seed productIOn IS on the declme

Another lImItmg factor for the expanSIOn of seed productIOn of legumes IS the
problem of weeds, particularly Orobanehe speCIes After several years of tnal
work, pre-emergence herbICides are now recommended

Lack of Seed Policy

Because of hIgh costs, the shortage of labor, madequate mechamzatIOn of
harvestmg, and lack of a pncmg polIcy, the area of forage legumes m Cyprus has
been sIgmficantly reduced m favor of cereals, for whIch seed productIOn IS fully
mechanIzed and SUbSIdIzed by the government However, cereal monoculture,
whIch IS practIced to a large extent m the ramfed areas, IS not deSIrable, due to
reasons such as the mcrease of noxious weeds, dIsease, and detenoratIOn of soIl
fertilIty

Recommendations

To Improve the forage seed supply system m Cyprus, the followmg are
recommended

• Grow forage seed crops m areas WIth hIgh preCIpItatIOn

• Introduce mechamzatIOn of forage legumes where possIble, m partIcular, for
harvestmg

• Identify ways to control weeds, particularly Orobanehe m forage pea and other
legumes

• Encourage the productIOn of forage legumes, whIch can be used m rotatIOn
WIth cereals, as was done m prevIOUS decades To promote the forage legume
mdustry, compensatory payments must be made to the growers, as IS done m
the European Umon
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Forage Seed Production in Yemen

A.M Abu-Arigal
General Corporation for Seed Multiplication, Dhamar, Yemen

Abstract

In Yemen, the seed sector m general, and forage and pasture seed m partICular, are
at an early stage of development The sector suffers from a lack of organIzatIon, a
weak breedmg program, a lack of legIslatIOn, lImIted technIcal knowledge, and
msufficlent tramed manpower Most of the forage and pasture seed used by
farmers IS saved on the farm or purchased from local markets

Introduction

The republIc of Yemen covers an area of 55 5 mIllIon hectares The arable land IS
about 3 5 mllhon hectares, WIth an annual croppmg area of about 1 7 mllhon
hectares, ofwmch 579,3911S ramfed and 488,276 IS Imgated The remammg area
IS rangeland, forest, and desert Forage crops cover about 88,000 hectares and
produce about 86 tonnes of dry matter annually About 70% of the forage area IS
covered by lucerne and sorghum Permanent pastures occupy another 16 milhon
hectares Rangelands provIde about 50% of the total feed supply, mamly for sheep
and goats, WIth the remamder commg from crop reSIdues, grazmg of crop lands,
and supplementary feed

Pasture and Forage Research

Forage and pasture research started m 1983 The mam actIvItIes mc1ude

• CollectIOn and conservatIOn ofplant genetIC resources

• Makmg thIS matenal avallable to the breedmg program

• Exchange of matenal WIth the mternatIOnal communIty

• Estabhshment of a natIonal database for plant genetIc resources

• Improvement of natIOnal awareness about the Importance of plant genetic
resources, partIcularly among local commUnItieS

One of the most Important studIes carned out m the country (WIth fmancial
support from FAO) was on the conservatIOn and propagatIon of range, pasture,
and forage plant genetic resources ThIS study Identified the mam pasture, forage,
and range speCIes, and handled the collectIOn, charactenzatIOn, recordmg, and
preservatIOn of 164 seed samples from key speCIes (Table 1)
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In the Tihama regIOn (coastal plams) 20 tnals were conducted to evaluate local
and exotIc forage speCIes Three cultIvars from perennial forage speCIes were
released, and some promIsmg speCIes were IdentIfied for further evaluatIOn

Table 1. Seed samples of range, pasture, and forage crops.

Region Number of collected samples
Southern coastal plain 49
Southern upland 38
Central highlands 32
Northern highlands 27
Eastern desert plateau 18
Toml 164

Forage and Pasture Seed Production

In Yemen, the forage and pasture seed supply system IS totally mformal, wIth most
of the farmers savmg theIr own seed or purchasmg some of what they need from
the local market The General CorporatIOn for Seed MultIphcatIOn (GCSM) IS
responsIble for the overall coordmatIOn of seed actIVItIes m Yemen. TIns
organIzatIOn, however, IS not mvolved m forage and pasture seed productIOn Its
actIVItIes focus mamly on the production of cereal, cotton, and potato seed

Constraints of Forage and Pasture Seed Industry

Constramts to the productIon and use of forage and pasture seed are mostly
technIcal, mstItutIOnal, and SOCIOeconomIC They mc1ude

• Lack ofwell-organIzed programs for breedmg and release of new vanetIes

• Lack of an organIzatIOnal structure

• Lack of technIcal knowledge and poor mfrastructure

• Lack oftechmcally-quahfied personnel m seed productIon and technology

• I-I1gh cost of seed and fertIhzers

• Lack of seed demand

Conclusions

Many recommendatIOns for future work to overcome these constramts and to help
actIvate and strengthen the forage and pasture seed productIOn program m Yemen
have been IdentIfied Govermnent mterventIOn IS needed on two levels. First, to
encourage the establishment of farmmg systems that use pasture and forages.
Second, to produce early-generatIOn seed for multIphcatIOn In the long term,
forage and pasture seed productIon should be profitable
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Pasture and Forage Seed Production
in Eastern Anatolia, Turkey

L. Tahtacioglu
Eastem Anatolla Agncultural Research Institute, Erzurum, Turkey

Abstract

Eastern Anatolia covers the eastern part of Turkey, whIch IS sItuated on a hIgh
plateau wIth a land area of 135,000 km2 Agriculture IS the most Important
economIC actIVIty In the regIOn, accountIng for more than 50% of GDP for the
regIOn and 14% for the whole country The chmate and geography are the maIn
constraInts to alternatIve croppIng practIces, but the ecology IS more favorable for
livestock productIOn An extenSIve grassland-dependent livestock productIOn
system prevaIls In the regIon Although livestock prOVIdes a major part of famIly
Income, the tradItIOnal cereal-domInated farmIng system does not support thIS
actIVIty The supplementary feed produced on pnvate land IS not enough even to
maIntaIn hvestock dunng the WInter A JOInt project was conducted by the
Government and the UnIted NatIOns Development Programme (UNDP) to promote
productton and Improvement of pasture and forage crops The project aImed at
InItIatIng a self-sufficIent and sustaInable system In the VIllages Large farmers
were encouraged to speCIalize In seed productIon After the pnvatIzatIOn of some
government seed dIstnbutIOn organIzatIOns, an urgent need arose for a more
comprehenSIve pasture and forage seed productIon and dIstnbutIOn network In
collaboratIOn WIth local InstItutIOns, a large-scale seed productIOn project proposal
was prepared and presented to the Government and the UNDP The objective IS to
create a pasture and forage seed productIOn UnIon, whIch WIll produce and
dIstrIbute seed on a contract baSIS

Introduction

Although 40% of the populatIOn In Turkey IS dependent on agrIculture, the
contrIbutIOn of agrIculture to the national economy IS decreaSIng ThIS decline has
been even greater In the hvestock Industry, whIch IS one of the maIn components
of the agrIcultural sector AgrIculture contrIbutes 14-16% of the country's gross
natIonal product, of whIch 30-35% comes from livestock Industry

Eastern Anatoha IS located on a hIgh plateau, WIth elevatIOn varyIng from 500 to
5,500 m above sea level It has a contInental climate WIth severe wInters and short,
relatIvely hot summers Annual mean temperatures range between 6°C and 12°C
Average annual raInfall ranges from 360 mm to 1000 mm, whIch IS evenly
dIstnbuted across seasons, but vanes conSIderably across the provInces Natural
pastures and meadows compnse 65 9% of the total area, and forage crop
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production IS practIced on 84% of the arable land For centunes, hvestock
production has played a vital role m the rural commumty by provIdmg food, fuel,
and clothmg Nowadays, farmers may not be as dependent on hvestock as they
used to be, but It IS stIll the mam source of mcome (60% of famIly mcome) for the
maJonty of farmers Thus, whenever a development project was consIdered for the
reglOn, hvestock and forage Improvement were gIven a pnonty However, current
forage productIon can only provide 30% ofthe feed requtrement Shortage of hay
IS aggravated during mId-wmter and early spring Farmers try to allevIate thIS feed
defiCIt by supplementmg poor-quahty cereal straws

Improvmg the hvmg standard of the rural people m Eastern Anatoha has been one
of the pnonty goals of the Turkish Government In fact, the government has
launched several projects m the last three decades, but most of the projects have
emphaSIzed the improvement of ammal breeds rather than the mtegration of forage
and seed productlOn WIth hvestock management The planned ObjectIves of these
projects have not been realized, and httle change has taken place m the eXIstmg
farmmg system In other words, the cereal-growing area is stIll eIght tImes larger
than forage crop area m the regIOn

In addItlOn to natIonal proJects, some rural-development projects financed by the
World Bank and IFAD have been Implemented m the regIon Forage crops,
hvestock improvement, and forage seed supply have been the mam components m
these projects Although these projects have made substantial contnbutlOns to
forage crop productIOn, the problem of forage seed productIOn stIll remams

Rainfed Forage Crop Production

Due to the mIgratIOn of the young labor force to the western and coastal parts of
the country, old farmers prefer to grow less labor-mtensive perenmal forage crops
Rainfed forage crops are exclusively cut and cured for hay, thus no silage IS made
in the regIon and very httle forage IS fed green. Samfom (Onobrychls vlcw/oha) IS
the most WIdely-grown ramfed perenmal speCIes m the regIOn, found mamly on
sloping margmal lands Common vetch (Vlcla satIva) IS grown much less
frequently, and IS usually cultIvated on the most fertIle SOlis It IS seeded m Apnl
and harvested m late July Most of the ramfed crops are grown under tradItIonal
and extenSIve two-year cereal/fallow rotation systems Recently, a two-year
cereal/legume (vetch or chIckpea) rotatIOn was mtroduced mto the system by the
NatIOnal Fallow ReductIOn Project Consequently, the government mtroduced
wmter vetch (VICW pannomca) mto the croppmg system ThIS type of vetch, whIch
can survive harsh wmters and benefits from sprmg rams, has great potentIal m
Eastern Anatoha, and is already replacmg fallow land m tradItIonal cereal/fallow
rotatIons The Eastern Anatoha Agricultural Research InstItute (EAARI) has gIVen
pnonty to the breedmg, seed multIphcatlOn, and dIstnbutIOn of thIs type of vetch
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Irrigated Forage Crop Production

Imgated forage crop productIon IS dommated by alfalfa (Medlcago saliva), whIch
IS famIlIar to farmers and grown m all provmces Several vanetIes, mcludmg local
landraces, are used, and thIrty-year-old stands are found m some areas DespIte
theIr relatIvely low YIeld, local cultivars persIst longer than Improved hIgh
yIeldmg ones Thus, a breedmg program was mitIated at EAARI to develop long
lastmg but hIgh-YIeldmg alfalfa cultivars, and several new vanetIes WIll be
released shortly Alfalfa IS grown for hay, and can be cut 2-4 tImes a year,
resultmg m 10-20 tonnes of dry matterlha The other lmgated forage crops are
common vetch, samfom, and, exceptIOnally, barley and oat (FIg 1)
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Figure 1 Acreage and production of forage crops In rainfed and Irrigated land of
Eastern Anatolia

Crop rotatIOns practIced m the lmgated areas are not systematic and do not aIm at
conservillg SOlI prodUCtIVIty or even maXlmIzmg crop Yield The croppmg pattern
ill Imgated land IS mamly governed by farmer need and market pnce Some cash
crops, lIke sugar beet, potato, and sunflower, are gIven pnonty Therefore, for a
forage crop to become an mtegral part of the rotatIOn system, It must compete
economIcally WIth these crops or have clear agronomIC benefits

Pasture and Rangeland Production

The rangeland IS used by the VIllage communIty WIthout management Farmers
compete to benefit from these lands ill an OPPOrtunIStiC way Thus, Improper use
and overgrazmg have resulted ill severe degradatIOn of most of the rangeland ill
the country LIttle has been done to Improve these lands The problems are not so
much techmcal as economIcal, cultural, and SOCIal Smce the users refuse to
partICIpate m rangeland Improvement, range rehabIlItatIon has been left to
government illstItutIOns, although thIS IS not an effective solutIOn Rangeland
rehabIlItatIOn has always been a component m rural development projects, but any
declSlon to Improve or alter It must have the approval of and be Implemented by
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the users In the commumty. However, overall agreement of the farmers is rarely
achieved and no real progress has been made

In additiOn to the new EAARI project on the collection and evaluation of local
germplasm to develop appropnate cultlvars for the Improvement of rangelands,
some NGOs have recently created public interest In the envuonment and rangeland
protectiOn At present, they are raISIng considerable funding and actIvely
participatIng in range rehabIlItatIOn ThiS has created a great demand for seed of
adapted cultlvars

Pasture and Forage Seed Production in Eastern Anatolia

Farmers are accustomed to producing their own seed by retaining part oftheu crop
for seed productIOn At present, due to lack of labor and eqUipment, they are
largely dependent on the market for the supply of forage seed

In the formal sector, research InstItutes are maInly responSible for producIng baSIC
seed The seed is then Increased by regiOnal state farms and distributed to farmers
through state-owned or pnvate compames Pnvatlzation of many state-run seed
companies has encouraged the private sector to play an actIve role in seed
multiplIcation, ImportatIon, and dlstnbutiOn. However, most private companies In
the country deal with high-value, cash crops, and operate in the western and
southern parts of the country where these crops are grown Availability of hlgh
quality seed of adapted forage species and cultlvars IS of crucIal Importance In the
regIon LImIted supply of certIfied seed of forage crops has left the farmers with
an uncontrolled local market, where procurement of pure and uncontamInated seed
of deSIred vanetles IS almost impossible

Livestock and Development Projects

In addItIOn to natIonal lIvestock and fodder-crop production Improvement projects
In the regIOn, there are some foreign-financed projects

Erzurum rural development project
ThIS project was jointly funded by IFAD and the World Bank, with a total budget
of US$ 137 millIon Improvement of forage crop production, along With the
development of a sustaInable seed supply network, were the main components of
the project The project focused on the Introduction of new varieties Into the
farmIng system, and the encouragement of farmers to be self-suffiCient In terms of
seed supply. Imtlal seed of forage species was purchased and distrIbuted to
farmers on a contract baSIS In addition to forage production, a part of the field was
to be retaIned for seed productIOn and the seed produced would go back to the
project To some extent the system worked well, and new high-YIeldIng varIeties
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were adopted by the farmers, and a considerable mcrease m forage crop acreage
was reahzed However, this measure was not sustamable and faded m the end
Seed production was abandoned by farmers because It was considered an
additiOnal activity and labor demandmg

Pilot project for production and improvement of pasture and fodder crops in
eastern Anatolia
This project was financed by the UNDP and the Turkish Government, executed by
FAO, and Implemented by EAARI The objective was to Improve forage and
hvestock production m selected Villages of the 12 least-developed provmces of
Eastern Anatoha It aimed at developmg a pllot forage crop productIOn system for
Eastern Anatoha IntegratIOn of hvestock and crop productIOn was an outstandmg
element m the project

Imtlal surveys mdlcated that farmers were not wdhng to change from cereal to
forage crop farmmg systems, because of the high estabhshment cost, mamly
attributable to the high seedmg rate Identi:fymg this obstacle, the project
mtroduced dnlls to the farmers Consequently, seedmg rate and estabhshment cost
were cut threefold The reqUired seed m pdot VIllages was produced by EAARI
durmg the project ImplementatiOn phase To ensure a smooth supply of forage
seed after the end of the proJect, selected farmers were provIded WIth basIc seed
and techmcal assistance to grow seed for local sale Farmers who benefited from
thiS operation are, as of thiS wnting, still carrymg It out However, thiS model
needs to be extended to the whole regiOn.

Eastern and southeastern Anatolia forage and livestock development project
ThIS project adopted the same phllosophy as the prevIous project and has worked
on selected Villages WIth an mtegrated approach Pllot Villages were supported
With equipment, seed, and techmcal assistance The Imtlal phase of the project was
very satisfactory, and proven technologies were easily adopted by local farmers
However, budget cuts, addition of new provmces, and staff turnover had a negative
Impact on the project Supply of forage seed to the pdot Villages has been
undertaken by the project at about half the productiOn cost, whIch attracted
farmers to grow more forage but not seed

Bingol and Mug rural development project
This project, jointly funded by IFAD and the TurkIsh Government, was
implemented m two provmces of Eastern Anatoha m 1991 Procurement of forage
seed was undertaken by the proJect, and seed was distrIbuted to the farmers WIth a
50% subSIdy RegiOnal promotIOn of forage seed was not foreseen m the project
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Improvement of forage seed production In Eastern Anatolia
This proposed project has been specifically prepared for the promotion of seed
productIOn m Eastern Anatoha In collaboration with the Provmclal Directorates of
Agnculture, the project will be trnplemented by Ataturk Umverslty and EAARI,
and financed by the UNDP The overall objective ofthis project IS to overcome the
low seed supply and provide farmers With a regular and cheap supply of seed of
desired species BasIc seed will be produced under the supervision of the
Umversity and Research Institute, and then muitiphed by foundatIOn seed
organizations (state farm or pnvate company) before It IS dIstnbuted to the
contract growers for further mcrease The final seed will be collected from the
contractors, cleaned, packed, labeled and then dIstnbuted to the end users

Conclusions

To merely mamtam the existmg forage crop acreage m Eastern AnatolIa, the
annual certIfied seed reqUIrement for alfalfa, samfom, and vetch IS 600, 1,500, and
2,500 tonnes, respectIvely. Moreover, there IS an mcreasmg trend towards forage
crop acreage, while at the same time fewer and fewer farmers are producmg theIr
own seed These figures may grow rapIdly, and thus firm measures need to be
taken urgently

Pnvatization of state-run seed dlstnbutIOn wIll create a gap m seed productIOn and
distributIOn To take over these orgamzatIOns and ensure the smooth supply of
qualIty forage seed, the government should encourage the pnvate sector or farmer
unions to establIsh solid seed foundations These foundations should have the
responsibility of producing and dissemmating certified seed m the regIOn Rather
than encouraging farmers to grow their own seed, contract growers should be
encouraged to produce forage seed under the superviSIOn of an official seed
certification agency

To meet the mcreasmg demand for forage seed, natIOnal and regIOnal research
institutIOns should focus on the Improvement of rangeland-type cuitivars and the
productIOn of breeder seed There IS a constant demand for lucerne, samfom, and
vetch seed, but grass species must also be introduced to the region Some grass
species, such as brome grass and crested wheat grass, are much more tolerant to
unfavorable conditIOns and produce hIgh-qualIty hay for long penods These
species are tolerant to adverse environmental condItions and could also be used to
reduce fallow and Improve already detenorated rangelands
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The clImate m Eastern Anatoha IS favorable to forage seed production However,
there has been no attempt, publIc or private, to estabhsh a network to produce
forage seed locally Instead, seed IS Imported from other regIOns or from abroad
EstablIshment of local seed productIOn wIll generate an alternatIve mcome for the
country
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Forage Seed Production in Ethiopia:
Potential and Limitations

A.Tadesse
Institute ofAgncultural Research, Addis Ababa, Ethiopia

Abstract

Native pastures are an 1mportant source of livestock feed m EthlOpIa, but due to
their low productiv1ty they fulfill only about 50% of the country's anlillal feed
reqUirements Natural grasslands occur m condJ.tlOns conSidered adverse for crop
productlOn, but mcreased human populatlOn pressures are forcmg the extenslOn of
croppmg onto the grasslands The mtroduction of lillproved forages mto different
farmmg systems 1S therefore cruc1al to overcome the feed shortage problem, wmch
is hm1tmg hvestock produchv1ty. ConSiderable research has been carned out to
test the adaptab1lity of dIfferent forage crops under varymg envlfonmental
conditions m order to select SUitable species for Etmopia's dlfferent agro
ecologIcal zones As a result, many hIgh-yIeldmg and better-quality grass and
legume specIes have been selected However, most of these selected forage crops
have not been mtroduced to the dlfferent farmmg systems m the country, one of
the limItmg factors bemg lack of seed Tms paper descnbes the current status of
forage seed productlOn m EtmopIa and makes suggestlOns for ItS future drrechon.

Introduction

EthiopIa IS a country w1th a favorable enVlfonment and Wide resources of
tradltlOnal skill and expenence m lIvestock raIsmg The lIvestock populatlOn,
which IS conSIdered the h1ghest m Afnca, IS the source of a conSiderable part of
the country's natlOnal mcome Agnculture contnbutes about 60% of the gross
domestic product and the livestock sector about 25% (FAO 1975)

In EthlOpIa, cattle are an mvestment and also prOVIde draft power for the plowmg
and cultivatlOn of land In addJ.tlOn, cattle playa major role m the dlet of farmers
and theIr families In spite of these multiple uses, the potential of tms sector has
not been fully explOited because of low productivIty

Low productiVity of EthlOpian livestock is a result of several factors, among wmch
nutntlOn IS the major limitmg factor For the country as a whole, the eXistmg feed
does not meet more than 53% of the amount required (AFRDA 1978) Natural
pastures provide more than 90% of anImal feed In almost all parts of the country
natural grasslands are confined to degraded shallow upland SOils, fallow crop
lands, and soils that cannot be successfully cropped due to phySiCal constramts
such as floodmg and waterloggmg (JUtZI et al 1987). They are low yIelding and
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theIr productiOn IS insufficIent The dry matter of heavtly-grazed grasslands does
not exceed 1 5 t/ha m the hIghlands above 2,600 m or 2 5 t/ha below thIS altItude
In several parts of the country grazmg condItiOns are favorable for only four or
five months per year

In recent years, grazmg areas have been shnnkmg all over the country because of
rapId expansiOn of cultIvated lands for crop productIon to provide food for the
ever-mcreasmg human population

Because of hmlted feed resources for the eXlstmg hvestock population, selection
of hlgh-yIeldmg and better-qualIty forage varieties, and development of Improved
feedmg packages are of cntical Importance In the past three decades, extensive
research has been carned out m EthiOpIa to test the adaptabilIty of dIfferent
species of pasture and fodder crops under different envIronmental condItions m
order to select SUItable species for dIfferent agro-ecologlcal zones of the country
As a result, vanous speCIes have been selected for the different zones (Lulseged
and Alemu 1985) The selected forage crops m general have better yIeld and
quahty than naturally occurrmg swards

The mtroductiOn of Improved forages mto dIfferent farmmg systems IS expected to
help solve the severe feed shortages the country IS presently facIng But most of
the selected forage crops have not yet been mtroduced to the farmIng commumty
ThiS IS due to vanous lImItIng factors, among which unavatlabIhty of seed IS
foremost

Improved Forages in the Farming System

Some prevIOus extenSiOn programs tned to mtroduce selected forage crops Into the
dIfferent farming systems ThiS was attempted maInly by establIshIng
demonstratIOn plots In different agro-ecologlcal zones and dlstnbutIng seed of the
selected forage crops to farmers In spite of thiS, most of the selected forages,
except oat, vetch, and fodder beet, are not used outSIde a few large-scale lIvestock
farms and demonstratIon plots

Projects Implemented to enhance the prodUCtIVIty of thIS sector mclude

• ArSI Rural Development Umt (ARDU) This project helped develop the
widespread use of oat, vetch, and fodder beet in the ArSI regIOn ThIS program
IS not functIonal at present, but farmers m the area have a better concept of
fodder production and utilIzatIOn than farmers In other regIOns

• The ExtenSIOn and Project ImplementatIOn Department (EPID) was establIshed
In 1971 With the general aIm of IncreaSIng productIOn by peasant farmers With
the emphaSIS on food crops The lIvestock component receIved comparatIvely
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lIttle attention m thIS program and forage development was not adequately
considered (Gryseels and Anderson 1983).

• A forage development program was mItIated m EthIOpia m 1987 by the Fourth
LIvestock Development Project (FLOP), Implemented by the Livestock and
FIshenes Development Department of the MmIstry of AgrIculture The
emphasIs of the project was on usmg more mtensive feedmg systems, such as
the cut and carry system, which leads to a gradual ShIft away from uncontrolled
grazmg, particularly on sloppmg areas Vanous forage development strategIes
were developed. Among these, plantmg mIxed pastures and annual fodder crops
dId not meet theIr targets, due to competitIon from food crops for land and
labor Other strategIes, such as strIp establIshment of forages, backyard forages,
under-sowmg of legumes WIth food crops, and over-sowing of legumes on
grazmg lands, were techmcally successful and acceptance by farmers was better
(Alemayhu and Robertson 1989) ThIS project was phased out a few years ago,
and at present there IS no adequate mformatIOn on the level of sustamabllIty of
the dIfferent forage development strategies mtroduced

Overview of Forage Seed Production in Ethiopia

Development Efforts

The success of any forage development program depends upon the establIshment
of a local seed production capacIty for the supply of a large volume of seed In
EthIopIa, though there are large areas WIth sUItable enVIronments for the
productIOn of a wide range of pasture and fodder crops, there has been a
tremendous lag in forage seed productIOn As experIence mdIcates, farmers are
slow to accept the productIOn of forage crops, because they are reluctant to devote
their lImIted land and labor to the production of forages They give a higher
priority to the production of food crops for SubsIstence. But, m spIte of thIS, there
IS an mcreasing demand for forage seed

Institutions Involved in Forage Seed Production

• Arsl Rural Development Unit Forage and pasture seed productIOn began m
1970 in EthIOpIa by ARDU The major emphasis of thIS project was production
of seed of fodder crops, mamly oat and vetch, for dIstribution to farmers
involved m the project Around 1984, commerCIal quantIties of seed of these
herbage speCIes were produced by ARDU (JUtzI 1986)

• EthIOpIan Seed Enterprise (ESE, formerly EthIOpian Seed Corporation) Seed
production of agricultural crops IS the mandate of the ESE, whIch is a state
controlled company set up m 1979 (JUtzI 1986) The ESE IS mamly mvolved m
the production of seed of cereal grams, food legumes, and 011 crops The
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Enterprise produces relatively small amounts of oat and vetch seed for use on
some privately-owned daIry farms and for sale to some mstItutions, but does
not have a seed productIOn program for the other forage crops

• Institute of AgrIcultural Research (IAR) The IAR has a program for the
production of seed of varIOUS forage crops m small quantities at ItS centers In
the dIfferent agro-ecoiogical zones of the country The primary target of the
IAR's mIcro-forage seed mcrease program IS to meet ItS research reqUIrements
and dIstribute seed to other government organIzatIOns for research and
demonstratIOn purposes

• InternatIOnal LIvestock Research InstItute (ILRl) ILRl has a forage germplasm
UnIt, WhICh produces seed of dIfferent forage speCIes for the NatIOnal
AgrIcultural Research Systems (NARS) In AfrIca, Includmg Ethiopia, and other
parts of the world ILRl provides forage seed to the NARS In small quantIties
for research purposes

• The Fourth Livestock Development Project The FLDP of the MInIstry of
AgrIculture InItIated a contract system of forage seed productIOn In 1987/88 In
EthIOpIa Its forage seed productIOn program aImed at producmg better-quahty
seed at lower pnces and greater quantities In centrally-controlled seed
production systems USing mdIvldual farmers and farmer cooperatIves The
program placed emphasIs on the productIOn of forage legume seed, with a
capacIty of 100-120 tonnes of forage seed per year during ItS period of
operatIOn The project IS not functIOnIng now, and the seed productIOn program
ended as soon as the project was phased out

Research on Forage Seed Production

Pasture research m the natIOnal program of the JAR has gamed momentum In the
past 25 years, but research on forage seed productIOn began only recently, and
only a very few problems have been addressed so far

The productIOn of seed of perennial grasses meets WIth dIfficulties In the troPiCS
RIpening seed may shed eastly and early Flower spikes appear gradually, and
when some shoots have npe seed, others have only begun to flower (Bogdan
1977) All these factors can reduce the potential Yield of the grasses Grasses such
as Phalarls aquatlca and Pamcum coloratum retam the seed shattering
characteristics of their wtld ancestors ThiS IS often aggravated by uneven rIpenmg
and low seed vlabIhty As a result, there are often seriOUS harvesting problems
resultmg In low Yield and mferIor seed quahty (McWdham and GIbbon 1981)

Seed productIOn methods for forage crops are qUIte dIfferent from those used With
cereal crops Each herbage plant has ItS own peculiarities It IS Important to know
the proper rate, tIme, and method of seeding, as well as the best stage of plant
development at which the seed IS suffiCiently mature to harvest
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A tnal was conducted at the Holetta Research Center for three years, startmg m
1991, to determme the optimum time of seed harvest at which maxunum seed
Yleld and hlgh vlablhty could be obtamed from three perenmal grasses The
results, presented m Table 1, show that maxlmum yleld was obtamed when seed
was harvested SlX weeks and four weeks after full flowenng, respectively, for
Phalans aquatlca, ChlorIS gayana, and Pamcum coloratum Thls comclded wlth
the hlghest germmation.

Table 1 Seed yield (kg/ha) and germination (%) of three perenmal grasses as affected
by time of harvest at Holetta.

P. coloratumWeeks after P. aquatica C. gayana

full flowering Yield Germ % Yield Germ %

1 23 4 14 55 5 79
2 40 9 24 76 4 76
3 36 7 35 92 4 82
4 358 45 927 89
5 50 1 54 92 5 75
6 61 4 65 81 8 75

Source HRC Progress Report (1993,1994, and 1995)

Yield
456
614
782
948
838
646

Germ. %

2
9

12
31
22
21

ObservatiOns made on the seed production potential of some forage crops m the
sub-humld, mld-altItude enVironment of Etmopm mmcate that Chlons gayana, at
optunum seedmg rate and row spacmg on small plots, can yleld up to 700 kg of
seed per hectare. Pamcum coloratum, Desmodlum uncmatum, and Stylosanthes
guzanensls gave seed Ylelds of about 500, 400, and 350 kglha, respectlvely Lablab
purpureus ylelded about 1,700 kglha (Alemu 1989).

In an expenment at two locatiOns to determme the optimum row spacmg and
seedmg rate for max1mum seed productiOn of VICW atropurpurea, the optunum
seedmg rate was found to be 20-30 kglha, wlth a row spacmg of 60 cm (JAR
1986)

Another expenment was done at the same locatiOns to determme a sUltable support
system for maxunum seed productiOn of vetch (Vlcla atropurpurea) In thls
expenment, the hlghest average seed Yleld of 5,000 kglha seed was obtamed w1th
a fence-supported treatment, whereas the control plants, grown wlthout support,
gave a seed Yleld of 700 kglha (JAR 1986)

A tnal was also conducted at the Holetta Research Center for two years to
determme the optimum matunty dates at wh1ch hlgh seed Yleld 1S obtamed from
four Trifolzum spp. on two SOlI types All the speC1es tested on the red SOlI gave
thelr hlghest average seed Yleld when harvested a week after full flowenng On the
black SOlI, T tembens and T steudenan gave the1r h1ghest seed Yleld when
harvested a week after full flowenng, wh1le T quartlmanum and T. decorum
Ylelded better when harvested two weeks after full flowenng (Table 2)
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Table 2. Average seed yield (kg/ha) of Trifolium species harvested at different stages
of maturity on two soli types at Holetta.

Species/variety Weeks after full flowering

1 2 3 4 Mean
Red sOIl

TnfollUm quart/manum 292 255 241 95 221
T rueppelf/anum 385 377 150 69 245
T steudenan 571 438 471 347 457
T decorum 356 266 150 81 213
Mean 401 334 253 148 284

Black sorl
T quart/manum 500 560 445 265 443
T tembens 345 318 184 78 231
T steudman 379 264 226 240 277
T decorum 343 590 481 199 403
Mean 392 433 334 196 339

Source HRC Progress Report (1993, 1994)

When average seed yIelds of all the Trifolzum speCIes were conSIdered, yIeld
decreased by 17, 37, and 63% when seed was harvested two, three, and four
weeks, respectIvely, after full flowenng on red soli On black sOlI, yIeld dropped
about 23% when seed was harvested three weeks after full flowenng, and about
55% when harvested a month after full flowenng The results of thIS study suggest
that, for the best seed YIeld, Trifolzum spp should be harvested a week after
flowenng on red sOlI and two weeks after flowenng on black soli If harvestmg IS
delayed beyond the recommended matunty dates, the yIeld wIll be low due to
shattenng.

To mamtam maxImum VIabIhty, most seed must be stored at a fixed mOIsture
content and at a fixed temperature, usually Q-4°C (Dorrell 1984), but thIS may not
always be pOSSIble because of lack of facIhtles A tnal was conducted m the
hIghlands, at an altItude of 2,400 m, to determme the shelf lIfe of locally collected
herbage seed stored at ordmary temperature and humIdIty Results show that, after
SIX years, the vIabllIty of most of the grasses was reduced by about 50% Not
much reductIOn was observed on the VIabIhty of vetch seed, whIle reductIOn of the
VIabIhty of alfalfa seed was about 25% (Table 3).
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Table 3. Germination of seed of different forage crops after five years of storage at
normal temperature and humidity In the highlands of Ethiopia.

Species Germination (%)

1980 1981 1982 1983 1984
Phalans tuberosa
LolfUm perenne
Festuca arundmacea
Setana anceps
Chlons gayana
Pamcum coloratum
Pamcum antldotale
Oat
Alfalfa
Vetch

64 51 34
46 33 14
68 43 51
07 04 02
28 23 19
61 45 26
20 09 11
93 77 73
95 87 86
89 91 91

39
20
26
02
17
18
07

89
93

31
21
36
03
17
19
09

72
93

Future Considerations for Increased Forage Seed
Production and Supply in Ethiopia

The commercial demand for herbage seed depends on the emphaSIS placed by the
government on pasture development m ItS hvestock pohc1es If the government
senously mtends to promote hvestock productlOn It should devote much more
attentlon to apphed research on forage productlon ExtenslOn sefV1ces should
emphaSIze forage productlOn and utlhzatlOn as part of therr routme work
ProvIsIon should be made for seed productlOn and d1stnbutlOn as well as techmcal
support servIces.

If adapted forage grasses and legumes are to be wIdely used m EthlOpIa, as an
m1tlal step there must be a capacIty for basIc seed productlon to mamtam supphes
of seed for d1stnbutlOn to growers Seed productlOn centers wIth staff, bUlldmgs,
and eqUlpment should be estabhshed The centers should also have adequate land
aval1able for seed productlon

Most of the tIme, herbage seed productlOn IS not consIdered m the natlOnal seed
industry program, and even If consIdered, It IS gIven a very low pnonty m
EthIopia. This has senously affected forage seed productlOn m the country
Therefore, the capacIty of the EthIopIan Seed Enterpnse needs to be strengthened
so that It can mclude forage seed m ItS productlon program In the mean time,
mechanIsms should be deSIgned by whIch farmers are encouraged to produce theIr
own seed to meet theIr needs and also to exchange excess seed WIth other
commumty members In thIS respect, much can be learned from the expenences of
other developmg countnes, such as Kenya and ZImbabwe Homegrown seed
productlOn and exchange, for example, has been practIced by large- and small
scale farmers m Kenya, because It IS often eaSIer to obtam a small quantlty of the
best seed aval1able and multIply It to meet mrnvldual reqUlrements Homegrown
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seed IS easy to produce (Boonman 1993), and there IS no reason why thIs cannot
be practIced m EthIopia All that IS needed IS a relIable and well-organIzed
extensIon program to promote the system The extensIOn system IS currently
growmg stronger

SubstantIal seed productIOn programs conducted on a contract basIs wIth farmers
have been successfully Implemented m Kenya ThIs was also practIced
successfully m EthIOPia by the FLDP forage seed productiOn program a few years
ago But the program mdn't sustam after the project phased out Ways and means
by whIch thIs program could contmue should be mvestIgated

Forages, except on a very few speclahzed daIry farms, have to date not been
produced on-farm by smallholders m EthIOpIa Because of thIS, demand for hlgh
quahty forage seed has been low Because of the low demand, no pnvate
mdustnes dealmg wIth forage seed productIon have been estabhshed m the
country To mcrease the aVaIlabIlIty of feed from Improved forage crops, seed
supplIes must eXIst, but seed supphes WIll not grow unless there IS a demand for
them Nowadays, because of the severe feed shortage problem, the Importance and
benefits of Improved forages IS bemg recogmzed by farmers, and demand for
lillproved forage seed IS mcreasmg Therefore, It IS now hIgh tlille for mdustnes
dealmg WIth forage seed productIOn to be estabhshed

The correct chOIce of locatIOn for forage seed productIOn IS very Important Most
forage seed productIOn programs fall due to poor SIte selectIOn The most
Important factors contnbutmg to seed yIeld are mfluenced by weather condItIons
Therefore, SItes WIth a favorable enVIronment should be selected (Clements and
Cameron 1980) Expenence m EthIopia mmcates that m sub-humId, mId-altItude
areas where enough ramfall IS avallable and the temperature IS relatIvely hIgh,
there IS a pOSSIbIlIty of gettmg two seed harvests from grasses such as Chlorzs
gayana and Pamcum coloratum But ill hIgh altItude areas WIth low temperatures,
there IS only one annual harvest and YIelds are low

NatIOnal efforts to mcrease domestIc productIOn of forage seed can be enhanced
by regIOnal and mternatIOnal support actIVItIes, mcludmg trammg, germplasm
exchange, and prOVISIon of documentatIOn Such support IS mmlmal m EthIOpIa at
present Ways and means of estabhshmg such support systems should be sought

Seed productIOn of forage crops at a hIgh level IS a speCialIzed busmess that
demands conSIderable expenence and knowledge of the speCIal reqUlrements of
each crop People mvolved m thIS actIVIty, be they are researchers, extenSIOn
workers, or farmers, need trammg on the methods and eqUlpment used m countnes
where forage seed productlOn IS hIghly developed
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A Decade of Pasture Seed Programs
in Uganda (1987-1997)

P. Lusembo\ E.N. Sabiiti2 and C. Ebong1

1Namulonge Agncultural and Ammal ProductIOn Research InstItute, Kampala, Uganda
2Faculty ofAgnculture and Forestry, Makerere Umverslty, Kampala, Uganda

Abstract

Pasture seed activities were Initiated m the early 1960s at Serere In eastern
Uganda Seed research and production were based there until the mId-1980s, when
the msurgency stopped all economIC activitIes In the area Legume seed was
produced at the mstItute and grass seed was opportunIstIcally harvested from
surroundmg natural grasslands DIstnbutlOn was through the Mmistry of
AgrIculture offices m the dIstncts From the mId-1980s to the early 1990s, pasture
seed activIties were moved to Namulonge m central Uganda Seed production was
InItiated by a development project, which revamped the daIry mdustry m Uganda
It contracted small-scale farmers to produce legume seed for dIstnbution In the
project area ProductIOn started In 1989 at Just over 1 tonne By 1995, when the
project ended, annual productIOn had rISen to over 35 tonnes Currently, there IS
some production of pasture seed around Namulonge, but at a reduced level Trade
IS from farmer to farmer Pasture seed actIVIties have been resumed at Serere,
where Chlorls gayana and Centrosema pubescens seed IS opportunIstically
harvested There are two ongomg development projects on pasture seed
productIOn (I) a project to produce Desmodlum mtortum and D uncmatum,
supported by FAO, and (n) a project on production of Pamcum maxzmum seed,
funded by the African Development Foundation The pasture seed mdustry has
always been informal, and productIOn levels have been dictated by available
technology and effective demand

Introduction

In Uganda, pasture seed research and production started at the Serere AgrIculture
and AnImal Production Research InstItute (SAARI) In the early 1960s Legume
seed was produced at the research mstItute, while grass seed (Chlorzs gayana and
Hyperrhema spp) was harvested opportunIstically from natural grasslands
Although a number of progreSSIve farmers, espeCIally In pen-urban areas,
purchased seed and established pastures for dairy farmIng, most of the seed went
to government and mISSIOn farms

Pasture seed production m Uganda has always been under the Informal system,
and seed certIfication, processmg, and quality control have not been applied as In
formal seed production Durmg the tIme when seed was produced at SAARI, the
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UK Overseas Development Admimstration (ODA) made funds available to the
Department of Agriculture to purchase seed from farmers (Kabeere 1992) Such
seed was sent to the vanous DIstnct AgrIcultural Offices, from where It was sold
to hvestock farmers after httle or no further processing The Uganda Seed Project
(the only seed company) has not mvolved Itself m forage seed productIOn because
It consIders pasture seed to have low effectiveness and often unreahstlc demand
(Muhuku 1992) The quahty of legume seed is relatIvely high, as seed harvesting
IS carned out on mdividual pods that are vlSlbly mature On the other hand, grass
seed quality, especially in Brachwrza spp and Pamcum maximum, IS usually low.
ThIS IS attnbuted to the protracted flowenng of most grasses and to a harvestmg
method whereby all the available seedheads are cut, even though the seed is at
different stages of matunty The relatIvely hIgher level of mature seed content of
Chlorzs gayana compared to other grasses may Imply that the low quahty of those
grasses is genetic This means that a number of spikelets are harvested although
they have Immature caryopses or none at all

Research Activities

Research actIVitIes over the past decade have aimed at developmg technologIes for
seed productIOn of forage legumes by small-scale farmers (Lusembo et al 1997)
Most of the productIOn and research activItIes have been dIrected to legume rather
than grass seed productIOn ThIS IS because Uganda IS considered to be at the
center of diverSity for most tropIcal grasses, and thus has many grass speCies
growmg naturally m most parts of the country

Studies were carried out on Macroptllzum atropurpureum (Slratro), Centrosema
pubescens (Centro), Desmodlum mtortum, Lablab purpureus, and Clztorza
ternatea spp StudIes on Centro and Siratro have mvolved fertIlizer (phosphorus)
and plant population requirements In a sward system, where mter-row spacmg
was 100 cm, there was no sIgmficant dIfference when mter-plant spacmg ranged
from 30 to 120 cm (Lusembo et al 1993a). Under support systems, a spacmg of 1
m gave the optimum seed yield The two legumes dId not respond to soil
phosphorus treatments up to 400 kg/ha for a smgle superphosphate apphed once
during two years of productIOn In a study on various forms of support, It was
found that, whIle both species reqUIre some form of support for mcreased seed
Yield, Centro could be inter-cropped With cassava (used for support) and at the
same time produce tubers (Lusembo et al 1993b) Under the conventIonal support
system, where wooden stakes are used, a posItIve association was found between
seed yIeld and staking heIght up to 3 m (Lusembo 1993)

Desmodlum mtortum was studied to determme the optimum plant populatIOn and
most appropnate harvestmg method for quahty seed The method m whIch mature
pods are stnped off the seedhead, dned under the sun, and pounded m a wooden
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mortar gave better results than the method that sImulated combme narvestmg,
where all the seedheads are cut at the same time (Lusembo and SabntIl995)

There are studIes m progress at Makerere Umverslty to determme the effect of
dIfferent cuttmg methods on the seed and herbage productIOn of Clltona ternatea
The prehmmary fmdIngs have not yet been released There IS also an on-gomg
project on P maxlmum seed productIOn The mam objective of the project IS to
find out the causes of low seed quahty The techmques bemg tested are (1)
panIcles are cut when seed IS still Immature (n) some locatIOns are better sites for
seed productIOn than others, (m) grass seed quality IS better durmg the long ramy
season than m the short ramy season, and (IV) smut (a major dIsease of Pamcum
seed) IS more prevalent m the long ramy season than m the short ramy season
Prehmmary results for the first month of seed harvestmg m the first rilmy season
mdlCate that some locatIOns produce seed with Ingher mature seed percentage than
others The time of harvestmg does not seem to be an Important factor m the
mature seed percentage of harvested seed AnalySIS of dIfferent samples for
CaryOPSIS content and degree of development mdlCates that a hIgh pe:-centage of
formed seed IS devOId of any caryopses at any stage of development Moreover,
seeds from the same locatiOns show a Ingh degree of vanablhty (0-36%) m
splkelets with caryopses (Table I) Consldermg the high degree of apc,mlX1S m P
maXlmum, tIns may mdlcate that there IS conSIderable genetIc vanab1hty wlthm
populatIOns of the grass on the same Site, an observatIOn that reqmres further
study

Table 1 Quality characteristics of Pan;cum maximum seed harvested between 15
April and 15 May 1997 at various locations In central Uganda.

Location Percentage mature Percentage Immature
caryopsls content caryopsls content

Highest Lowest Mean Highest Lowest Mean

Kabanyolo (8)t 3 44 1 76 2 60 1 78 1 22 1 50
Gayaza (6) 2419 320 1410 672 422 550
Maglgye (12) 3653 000 540 456 1 08 207
Namulonge (12) 1635 1 28 673 318 062 142
Kawoto (18) 612 031 228 334 1 00 1 94
Wambwa (5) 4 52 1 38 2 78 1 58 1 41 1 50
Vuru (7) 6 70 1 37 3 93 2 95 0 85 1 86
Ghal(13) 656 043 257 217 052 118
Kawempe (6) 621 095 234 1 92 045 1 88

t Figures In brackets indicate the number of farmers whose seed was analyzeo
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Pasture Seed Production Projects

Dairy Development Committee

Until the late 1980s there was no specialIzed pasture seed productlOn by farmers m
any part of Uganda In 1988, the Darry Development CommIttee (DDC) project
was set up to revIve the darry mdustry, wruch had become run down due to
msurgency m central Uganda Pasture seed was Identified as one of the most
lIDportant mputs needed to improve pasture productIVIty on darry farms At that
time, seed productlOn from the Serere area was no longer pOSSIble due to CIVIl
stnfe m the reglOn (Lusembo et al 1997) ImportatlOn of seed was found to be
expenSIve and unsustamable after the end of the project It was therefore decIded
that local seed productlOn should be encouraged Farmers around the Namulonge
Agricultural and Ammal ProductlOn Research InstItute (NAARI) were encouraged
to produce seed (espeCially legume seed) WhICh would m turn be purchased by the
project The major speCies produced were Centrosema pubescens. Macroptllzm
atropurpureum, Lablab purpureus, and Leucaena leucocephala Other speCIes
were Desmodzum mtortum, D uncmatum, and to a less extent Stylosanthes
guzanenszs Attempts were made to purchase Pamcum seed from OPPOrtunIStiC
pickers who use the panIcles to make brooms The quahty proved to be so low that
purchase was termmated By the end of the second year the project had purchased
more seed than It had anticIpated (2 t) and, as the project ended, funds ran out
(Table 2)

Table 2 Seed sales by small farmers around NAARI

Year Quantity (kg)
1989 1,113
1990 2,019
1991 1,529
1992 1,740
1993 3,738
1994 13,238
1995 37,570

Livestock Services Project

The LIvestock ServIces Project (LSP), fmanced by the World Bank, was created m
1991 and took over some of the actiVIties of the DDC Up to that time lack of
forage seed was still conSIdered a major constramt m Improvrng the daIry mdustry
In order to reVIve the mterest of farmers m producmg seed, the LSP entered mto a
contract to buy all seed produced over the followmg three years As WIth the DDC
proJect, the emphaSIS was on legume seed productlOn The project contracted
farmers m two distncts m the central reglOn of the country Farmers around
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NAARI produced the highest quantItIes of seed. ThIs success was attrIbuted to the
availabilIty of a market for seed as well as technIques of pasture seed productIOn
acquIred from the research mstitute By the end of the contract (1995), farmers
were producmg over 35 tonnes of seed per annum

Desmodium spp. Production

The Grasslands and Pastures sectIon of FAO IS fundmg a small project for
Desmodlum mtortum and D uncmatum seed productIOn Under thiS proJect,
farmers m two dlstncts of central Uganda are bemg tramed m the agronomIc
practIces of seed production The seed IS produced under contract ProductIOn
started m May 1997 and IS expected to last for at least two years Because
DesmodlUm spp are well-adapted and naturalIzed m many parts of central Uganda,
farmers have been encouraged to opportumstIcally harvest seed from the wIld,
whIch the project wIll buy and distribute to farmers for future on-farm research

In VIew of the expandmg daIry mdustry, and after some degree of success m forage
legume seed production, attention IS now bemg focused on the grass component of
pasture management Improved pasture productIVity, essential to meetmg the needs
of high-Yleldmg exotic animals, reqUires complete establIshment of the grass and
legume components At present, there IS a hIgh demand for grass seed The lIttle
seed that IS available IS produced opportumstlcally from natural grasslands or from
fields that were establIshed for forage Hence, the project encourage~ farmers to
produce qualIty seed of Pamcum maxImum, a species that has high brage value
but whose WIdespread use has been hampered by the extremely poor qualIty of the
seed.

Panicum maximum Production

The USA-sponsored AfrIcan Development FoundatIOn (ADF) ran a project on
Pamcum seed production The polIcy of the ADF IS to carry out research m whIch
farmer partIcIpatIOn IS of profound Importance Research funds are prOVided to
projects almmg to Improve eXIstmg technologies Pamcum seed IS produced as a
by-product of the pamcles that are Widely used to make brooms However, the
quahty of that seed has always been so low that, despite farmer mterest m
establIshmg Pamcum-based pastures, farmers wIll not pay for It Under the project,
broom producers from dIfferent areas m central Uganda are encouraged to collect
the seed from the pamcles The broom makers are prOVided WIth bags In which to
put the produced seed, which IS sampled and manually analyzed for mature
CaryOPSls content at NAARl The project IS to run for two years PrOVISIOn has
been made to pay for the seed accordmg to the degree of mature caryopses The
seed IS later blended and sold to the farmers With a seedmg rate recommendatIOn
based on the percentage of mature seed
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Current Pasture Seed Production by Farmers

During 1989-1995, when project funds were aVailable and pasture seed was bemg
produced by small-scale farmers, especlally around NAARI, hvestock farmers who
received seed from the projects learned about the source of that seed Farmers not
under the project area went to those who were to purchase seed After the project
ended, an mformal seed trade developed This was because the dairy mdustry has
been revived and IS expandmg at a fast rate In the last five years, three modem
milk processmg plants have been estabhshed m the country This development has
ensured a ready market for most of the produced mtlk After the end of CIVtl strife
m the Serere area, pasture seed production resumed and substantial quantities of
ChloriS gayana and Centrosema pubescens seed are now bemg opportumstlCally
produced and sold direct to farmers

Smce 1995, ChlOriS gayana seed has been Widely produced by farmers who
estabhshed pastures, Imtlally for grazmg, and then for harvestmg seed A farmer m
Mbarara, western Uganda, estabhshed over 20 hectares of ChloriS gayana on a
dairy farm A delay m the dehvery of the ammals, and the high mitial cost of the
seed, encouraged the farmer to resort to seed productIOn to reduce the
estabhshment cost The farmer has been producmg an average of 700 kg of seed
per year smce 1995 It is possible to produce ChlOriS gayana seed because it IS a
good seeder and ItS quahty is usually relatively high, even without any processmg
ThiS type of seed productiOn IS directed by the farmers themselves with little
assistance from researchers. It is attnbuted to the availability of a market for the
produced seed It IS highly hkely that, as long as a market is avatlable, pasture
grass seed can be produced eastly by any farmer who has ventured mto the
establishment of pastures An mtensive, speclahzed system for grass seed
production does not seem economically viable, and most of the farmers who have
attempted it have failed Therefore, it appears that the only economically feasible
system for productiOn of grass seed is through opportumstlc harvestmg from either
natural grasslands or established pastures mtended for grazmg

The Role of Research and Market Availability

One of the major constramts to successful seed production is ignorance about the
reqUirements of the vanous speCies The speclahst nature of seed production
reqUires the generation of appropnate technology by research m collaboration with
farmers However, the presence of a ready market for seed greatly motivates
farmers to look for knowledge from research mstitutes and also encourages them
to take imtiatives towards generatmg their own technology
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Conclusions

Sustamed pasture seed productlOn m Uganda WIll depend on the aVaIlabIhty of
appropnate seed productlOn technology and, more Importantly, on a strong daIry
mdustry that reqUITes hIghly-productIve pastures and thus provIdes a ready market
for seed
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Outlook on the Zambian Pasture
and Forage Seed Industry

K.C. Kawonga
Golden Valley Research Centre, Chilanga, ZAMBIA

Abstract

The clImate and the soil of ZambIa favor the productIOn of a WIde range of pasture
and forage specIes ThIS IS confirmed by earlIer studies undertaken when the
methodologIes and technIques of local pasture seed productIon were first
developed. Consequently, from 1981 untIl SIX years ago, when the ZambIan
economy was lIberalized, there was an mcrease m commerCIal activIty concerning
pasture crops, such as Rhodes grass, forage sorghum, Siratro, sunhemp, and velvet
bean The lIberalIzatIOn of the economy has had a negatIve Impact on the local
seed mdustry as a whole, and, as pasture crops are regarded as of mmor
Importance, they have suffered the most The slow transfer of seed production
technologIes to farmers, the lack of pasture specIalIsts, and the lack of
development of the pasture seed industry are other factors that prevent Zambia
from realizmg Its potential to produce enough pasture seed to meet local and
regIonal seed demand ThIS paper dIscusses the optIOns and strategIes that need to
be m place to develop and Improve the ZambIan pasture seed mdustry

Introduction

ZambIa lIes between latitude 8-18° S and longItude 23-33°E. It has a surface area
of approximately 752,972 km2

• The country has a tropical climate with
temperatures that range from 16 to 27°C m the cool dry season and 27 to 38°C m
the warm wet season The rainy season IS from November to Apnl, with an
average annual rainfall of approxImately 1,200 mm m the hIgh ramfall regIons and
400-600 rom m the dner south

Zambian agrIculture IS a contrast between the commercial sector at one end of the
spectrum and subSIstence farming at the other The commercial sector IS mvolved
m seed productIOn for crops such as maIze, wheat, and soybean. The area
dedIcated to these crops IS slgmficantly greater than that dedIcated to pasture

Pasture seed productIOn and supply have contmued to be lower than demand, m
spite of the favorable clImate and technologIes developed in pasture production.
Most pasture seed producers are basically opportunistIC seed growers. Dunng the
growing season, they do not know for certam what specIes in what amounts WIll be
m demand ThIS IS because the pasture seed mdustry IS not well-developed
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PromisIng Material

Organizational Structure of the Zambian Seed Industry

The orgamzattonal structure of the Zambian seed mdustry is based on the
followmg five prmclpal components (Fig 1)

Seed Control
and Certl fl cation

~~ Institute

9~O<';'b-/
">v r

.....--- --,---i
Variety Release

Committee

Seed Sales --_0 Seed Companies
Outl ets

lambl an Seed I.
Producers AssocI atl on ----.

Figure 1 Organizational structure of the Zambian seed Industry.

Soils and Crop Research Branch

The seRB of the Mmistry of Agriculture, Food, and Fishenes (MAFF) is
responsible for plant breedmg and crop productIOn research of all locally-bred
hybrids and vanettes Furthermore, the breeders are responsible for the
mamtenance of genetic punty m parental matenals The mandate crops mcIude
cereals (maize, sorghum, wheat, and millet), food legumes (soybean, groundnut,
and cowpea) and od seeds (sunflower and castor) It also conducts research on
forage and pastures

The two mam centers for plant breedmg work are at the Mt Makulu and Golden
Valley Research StatlOns

Variety Release Committee

ThiS committee is responsible for approvmg the release of all new vanettes m the
country The committee is made up of different mstltutlOns, which mcIude seed
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companIes, the Seed Control and CertIficatIon InstItute (SCCI), and the Zambia
Seed Producers Association (ZSPA) The commIttee must be satIsfied of the need
to release a partIcular vanety The vanety release commIttee IS headed by the
DIrector of Agnculture

Seed Control and Certification Institute

The (SCCI) IS responsIble for quahty control and certIficatIOn of seed that IS
produced and/or Imported mto the country. ThIS mstItute ensures that the seed
bemg sold IS of the hIghest genetIC and physIcal quahty pOSSIble and free from
dIsease and nOXIOUS weeds In thIS regard, the SCCI IS responsIble for enforcmg
legIslatIOn pertammg to seed testmg and certIficatIOn

Zambia Seed Producers Association

ThIS IS the mother body for all seed growers It prOVIdes a forum for

• Farmer collectIve bargammg for seed pnces and agreements on other contract
condItions

• Growers to share expenences and learn new Ideas from each other

• InformatIOn flow and adVIce to growers

Seed Companies

Seed companIes are responsIble for the multlphcatlOn, procurement, processmg,
storage, and dlstnbution of seed Seed productlOn IS by contract WIth members of
the ZSPA Once crop allocatIons are completed, the companIes regIster all crops
mtended for certIficatIOn WIth the SCCI

Does the Pasture Seed Industry Exist?

Even though the structure for pasture seed productIon does eXIst, the productIon
and sale volume of pasture crops IS extremely low For mstance, the volume of
pasture seed sales by seed compames such as Zamseed, Pannar, and Advanced IS
neghglble compared to maIze seed sales Thus, to a great extent, and as some
farmers have put It, the pasture seed mdustry m ZambIa IS non-exIstent
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Constraints and Strategies to Improving the Zambian
Pasture Seed Industry

There are SIX areas that need to be addressed If the Zambmn seed mdustry IS to
Improve

Identifying Demand

Local market
At the moment, the demand for pasture seed IS unknown A rough estImate of seed
demand IS Important for planmng purposes, especIally for those producers who
would hke to enter mto thIS venture At present, however, It is not uncommon to
receIve mqumes for tonnes of one speCIes or another, whIch no one meets Thus
the need to assess the demand for pasture seed cannot be overemphasIzed

To overcome thIS problem, the first thmg IS to name a volunteer pasture seed
productIOn coordmator, so that buyers can make theIr reqmrements known, and
producers can set their productIon targets In the absence of a strong pasture seed
company, the Pasture and Forage Research Team of MAFF could possIbly do thIS
Job

International market
The most successful and actIve seed company for pasture seed export m eastern
and southern AfrIca IS the Kenya Seed Company ThIS company exports pasture
seed to the Middle East, and It too cannot meet demand It might be possIble to
grow seed for the Kenya Seed Company m ZambIa

In 1996, South AfrIca was m need of tonnes of buffel grass (Cenchrus cllzarzs),
which no seed company m Zambm could supply ThIS emphaSIzes the pomt that
the market for ZambIan pasture seed goes beyond the borders of thIS country

Creating Demand

Kawonga 1996 (unpubhshed data) shows that there IS a general deSIre by most
farmers, large and small, to expand pasture acreage In creatmg the demand, It IS
clear that the needs of the commercIal sector and the methods used will be
dIfferent from those of small-scale farmers Thus, the creation of pasture seed
demand must be on both the commercial and small-scale levels
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Commercial sector
In the commercial sector, the mche for Improved pasture species ranges from
complete replacement of natural species to mcorporatlOn mto rangelands The
concept that Improved pasture productIOn and/or management Increases lIvestock
productivity is well known In my opmlOn, thiS knowledge IS still only a theory to
most farmers What IS needed In order to expand the use of pasture seed (creatmg a
seed market) is to demonstrate the gaInS that lIvestock producers can get by
imprOVIng pastures. There IS a wealth of knowledge from AustralIa and elsewhere
that can be adapted to the local SituatIOn fairly cheaply and easily to prove the
pomt

Small scale/emergent farming sector
ThiS sector compnses approximately 80% of the farmmg community The small
scale farmIng system IS charactenzed by low product output and low exogenous
mput mflow But, as the case of maize shows, the small-scale sector IS a strong and
dependable market when It can be proved that usmg Improved seed benefits
farmers

The mtroductlOn and use of pasture should be carried out wlthm the context of a
low-mput management system The sector Will appreciate and benefit more from
the use of pasture legumes that relate to soIl fertilIty Improvement Studies m
Zambia and elsewhere have shown that pasture legumes m cereal-based croppIng
systems Improve the protem content of crop residues by 20-80%, and, as green
manure, Improve maize gram yield by two to four fold

Under Zambian conditions, where fertilIzer costs have soared, a stronger advocate
for the use of pasture legumes m SOlI fertilIty improvement could create an
Increased demand for pasture seed

Poor-quality Seed

A lot of pasture seed trade takes place m the mformal sector, mostly from farmer
to farmer With Rhodes grass, most of the commercial seed lots are of poor qualIty
(0-20% germmatlOn) In a recent study, Kawonga (1997) showed that Rhodes
grass cv NIRS Boma exhibits dormancy, which breaks four months post-harvest
Thus, the problem of low qualIty observed In commerCial seed lots can be
attributed to a problem that farmers do not know exactly when and what to harvest
Further, It IS necessary to conduct germmatlOn tests four months post-harvest
Thus, there IS a need to extensively educate farmers so that better Rhodes grass
can be produced and market confidence restored
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Low Seed Prices

Price IS a major determmant factor on whIch enterprIse farmers base their
decIsIOns WIth the hberalIzatIOn of the economy, prIce IS determmed by the forces
of supply and demand In general terms, hberahzatIOn has had a negative Impact
on the local seed mdustry as a whole, and pasture crops, consIdered mmor, have
suffered the most Seed companIes are takmg crops that WIll enable them to keep
afloat m the short term

Seed growers have mdicated that the dIfference between what they get and what
the seed company makes IS too large This IS a dismcentive to the seed growers
(ZSPA), who feel that more of the profits should go to them rather than to the
company As pasture seed IS generally a secondary enterprIse, farmers would
rather sell low-grade seed (quahty declared) at a low pnce on the mformal market
rather than endeavor to produce certIfied seed at addItIOnal cost

It is amazmg that some pasture legumes fetch the dIsmal pnce of $1 5/kg on the
local market, but m Uganda the same seed fetches as much as $15/kg

Human Resource Development

To tap the mternatIOnal market, adequate human resources m pasture productIOn
need to be aVailable to cope With the extenSIOn and seed certIficatIOn reqUIrements
of the trade This does not mean that the numbers of people deahng With forage
species need to be changed The economics of pastures do not allow for the
deployment of new people, for example, at the seed company level However,
there has to be at least one person speclahzed m seed production techmques for
pastures ThIS can be achieved through natIOnal or regIOnal trammg programs At
the moment, the greatest need, m my opmIOn, IS to tram extenSIOn workers
adequately m techmques of pasture productIOn, and pasture seed m partIcular The
whole sector needs trammg of one sort or the other

Who Should Produce Pasture Seed?

Any farmer who IS wl1hng and able to produce pasture seed should do so The goal
IS for seed to be aval1able when needed at an affordable prIce In a country as large
as ZambIa, WIth a dIverSIty of farms m terms of SIze and management level, seed
should be produced as near to where It IS used as possIble In sorghum and food
legume crops, such as cowpea, seed productIOn IS bemg done by small-scale
farmers With the aid of non-governmental organizatIOns Seed growers are sellmg
the seed to other farmers nearby There IS no reason why pasture seed cannot be
grown thIS way In fact, under the Livestock Development ProJect, thiS concept has
already been mitlated, and the goal IS to develop markets wlthm and beyond
mdlvlduallocalitles
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Conclusions

The orgamzatIOnal framework for pasture seed productIOn eXists m Zambia With
a favorable chmate to produce tropical pasture seed, Zambia has the potentlal to
produce enough seed for both the local and export markets However, there IS a
need to resolve the supply, demand, and pnce uncertamtles, as well as the quahty
of seed produced This reqmres mvestment m human resource development Seed
productlon should be aVa1lable at an affordable pnce.
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Abstract

LIvestock IS a very Important part of the agncultural sector In Nigena Due to the
expanSIOn of crop productIOn, there IS less natural graZIng avaIlable now and a
greater demand for managed pasture for feedmg lIvestock PrevIOus studIes m
Nigena have shown that pasture specIes have the potentIal to contrIbute to the
development of lIvestock Many specIes WIth wIde adaptation and hIgh
productIVIty have been Identified However, seed productIOn for pasture speCIes IS
stIll very lImIted Seed reqUIrements are maInly satIsfied through ImportatIOn
PrevIOUS projects establIshed some pasture fields m the northern, western, and
eastern regIOns of the country USIng Imported seed, but they dId not last Recently,
efforts have been renewed to mtroduce pasture speCIes, In partIcular dual-purpose
legumes, mto the productIOn systems ThIS has created an mcrease m seed demand
Many organIZatIOns (NAPRI, IAR, and lITA/ILRI) are now mvolved In seed
productIOn, whIch mdlcates that prospects for local seed productIOn are ImproVIng
Seed multIplIcatIon needs to be undertaken on-statIOn InItIally, and then by farmer
groups and NGOs

Introduction

Nlgena has a land area of 923,768 km2
, WIth an estimated human populatIOn over

100 mIllIon The lIvestock populatIOn IS 13 9 mIllIon cattle, 34 5 mIllIon goats,
22 I mIllIon sheep, 0 09 mIllIon camels, and 104 mIllIon poultry (FDLPCS 1992)
The clImate IS hIghly dIverSIfied, and IS charactenzed by dlstmct wet and dry
seasons (FIg 1) Annual ramfall vanes from 500 mm m the northern semI-and
regIOns to over 4,000 mm m the lowland humId regIOns ThIS clImatIC dIversity
makes the country SUItable for productIOn of a WIde varIety of crops and lIvestock
Grams, fibers, and some root crops are grown In the northern sub-humId and arId
clImatIC zones, whIle tree crops and most of the root crops are produced In the
southern sub-humId and forest zones (Manyong et al 1996)
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Figure 1 Map of Nigeria showing major agro-ecologlcal zones (liTA 1996)

The keeping of lIvestock has a long hIstOry m Nlgena It plays slgmficant
economIC and soclo-cultural roles by provldmg food (mIlk, meat), manure,
tractIOn, and contnbuting to foreIgn exchange (especially hIdes) The value of the
lIvestock was estImated at about $6 billIon m 1991 Rural livestock accounts for
98% of the tradItIonally-managed hvestock populatIOn, wIth the remammg 2%
urban stock Untd the late 1980s, about 99% of the cattle populatIOn, 97% of
goats, and 95% of sheep were raIsed under extensIve systems whIch ranged from
exclusIve pastoralism, through transhumant pastoralIsm, to agro-pastoralIsm
LIvestock productIon IS found mamly m the subhumId and semI-and zones (Bourn
et al 1994)

Natural range, supplemented by crop resIdues durmg the dry season, IS the mam
source of feed for ruminant lIvestock. Wlthm the mam hvestock producmg
regions, these feed resources are scanty, hIghly seasonal, and of poor nutrItIonal
value for much of the year As a result, the major problem for the lIvestock
mdustry m Nlgena IS madequate nutntIOn ThIS problem has recently been
compounded by the rising human populatIOn, whIch puts pressure on land for
food, shelter, and mfrastructure development Among the effects of the on-gomg
agncultural mtenslficatIOn is the spread of croppmg to margmal areas, formerly
avaIlable for grazmg ThIS IS forcmg closer mtegratIOn of crop and hvestock
enterpnses, wIth a stIll greater dependence on crop resIdue as a fodder resource
(Naazle and SmIth 1997) Natural rangeland IS not only becommg limIted to the
least productIve land, but is also facmg degradatIon through mtenslve grazing. In
the past, one of the solutIons to this problem was the ImplementatIon of the
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grazmg reserve law by the former Northern Nlgenan governments Several grazmg
reserves were set up and many more were planned for the northern states None of
the reserves are now operational, although revitIltzatlOn plans are underway,
mcludmg the mtroductlon of pasture species

Pasture species have the potentIal to alleViate the constramts facmg the ltvestock
enterpnse m NIgena Many tropIcal herbaceous legumes, ImtIally promoted as
pasture plants, have the potential to Improve soIl fertlltty and can therefore
promote sustamable crop-lIvestock mtegratlon Such opportumtIes mean that seed
production of these potentially valuable speCIes should be developed In thiS
context, the present artIcle reviews past and current research actiVItIes on pasture
speCIes, emphasIzmg seed productIOn and opportumtIes for promotmg the
adoptIOn of herbaceous legumes

Sown Pasture and Forage Production in Nigeria

Research on sown pastures m Nigena started as early as 1945 (de Leeuw and
Brmckman 1974) at the NatIOnal Animal Production Research InstItute (NAPRI)
m Zaria, and mvolved both grass and legume speCIes In 1952, SImilar studIes were
undertaken at the Moor Plantation m Ibadan (Olubajo 1974) Results denved from
these studIes were ImpreSSIve m terms of IdentIfymg pasture speCIes WIth hIgh
adaptation to the dIfferent ecologIcal zones of the country, good bIOmass Yield,
and nutrItIOnal qualtty (de Leeuw and Brmckman 1974, Rams 1963, Haggar 1971,
1975, Oyenuga 1959a, b, and Chheda 1974) Recently, m VIew of the changmg
productIOn systems descnbed above, efforts have focused on the mtroductIon of
these and other herbaceous legumes mto mtegrated crop-lIvestock systems
(Mohamed-Saleem and FIscher 1993, Tarawah 1991, 1994a, 1994b, and TarawalI
and Peters 1996) Other more recent approaches have mcluded the fodder bank
concept (Otsyma et al 1987), alley croppmg, mtersowmg or undersowmg forages
WIth food crops (Mohamed-Saleem et al 1986), and the promotIOn of dual
purpose legume crops (Tarawah et al 1997) Despite the extenSIve research,
adoption of Improved pastures among lIvestock producers has been ltmited
(Thomas and Sumberg 1995) One of the reasons for thIS stems from the fact that
lIvestock producers are usually reluctant to make substantIal mvestments m theIr
productIon system They stIlI rely on the tradItIOnal extenSIve productIOn system,
whIch IS dependent on free-range grazmg, and they are generally not commerCIally
onented Such a system operates on a low-mput-low-output baSIS, but, With the
changmg productIOn scenanos as descnbed above, free-range grazmg WIll be
madequate One mdicatlOn that thIS IS already happemng IS the mcreased
frequency and mtensity of clashes between cattle herders and other farmers The
mtroductlOn of herbaceous legumes to mcrease fodder availabIltty can contnbute
to solvmg some of these ltvestock production problems
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Historically, cattle herders do not own any land, and the majorIty depend solely on
theu stock for sustenance. Recently, many have taken to crop farImng in additIOn
to lIvestock productIOn (agro-pastoralIsm), which reqUIres settlement and land
acqUIsItion (Jabbar et al 1995, Jabbar 1996) In most cases the land, which IS often
small «2 ha), IS leased to them by the land owners Such arrangements mean that
the settled agro-pastoralIsts do not hold title to the land they use Therefore
grOWIng pennanent pastures IS a risky enterprIse, and In some cases may even be
precluded by the land tenure arrangement However, they are conversant with the
use of crop reSidues (e g legume haulms) as hvestock feed Indeed, the use of
graIn legume haulms as a supplement, especIally dUrIng the dry season, IS a
common practIce among livestock producers, and such fodder has a high market
value (Tarawah et al 1997) The mtroductIOn of crops WIth potentIal for both food
and feed has been found to be acceptable by agro-pastoralIsts m the north It IS
essentIal for the development and mtroductlon of more species and varIetIes of
these multipurpose legumes to take mto account differences In ecology and
fannmg systems VarIeties of groundnut, cowpea, soybean, and lablab have been
Identified as posseSSIng dual-purpose characterIstIcs for gram and forage Most of
these legumes are very familIar to fanners and are, therefore, good candIdates for
mtegratIOn into the farmmg systems of settled agro-pastorahsts

Pasture and Forage Seed Production

SInce the contrIbutIon of sown pastures to the lIvestock industry IS, at present,
insigmficant, pasture seed production IS hkewise lImited NAPRl In ZarIa and the
International Livestock Research InstItute (ILRl) In Ibadan are the only two
orgamzations makmg major efforts to address thIS problem Government
agricultural pohcy has not been strong on pasture development, and thiS IS
reflected in the absence of a pasture and forage seed component from the seed
program of the National Seed Service (NSS), whIch was estabhshed m 1975
LIkewise, in the Federal Department of Livestock and Pest Control Services,
animal-health-related matters are gIven prIOrIty The only pasture Issue m the
department on whIch some work was camed out concerns grazmg reserves There
has been httle pohcy support towards pasture seed productIon

Due to the lack of polIcy support for Improved pastures, and the unfamilIarIty of
fanners With the speCIes concerned, efforts to produce pasture seed have been
sporadIC and largely unsuccessful. It can be antiCIpated that, With the recogmtIon
of the potential of many species to contribute to both crop and lIvestock systems,
and their role In promotIng sustainable agrIculture, thiS picture will change
Nevertheless, there are lessons to learn from the history of such ventures to date
As far back as 1956, seed of improved pasture species was Imported and
distributed to the northern, western, and eastern regIOns ThiS led to the
establishment of pasture fields at government livestock breedmg and
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multIplIcation centers However, most of these pasture fields are now farmland or
devOid of the sown speCIes due to poor management In 1977/78, the Federal
LIvestock Department agam Imported large quantItIes of seed from AustralIa,
whIch were dIstrIbuted to all the states of the federatIOn IndIvIdual entrepreneurs
have also partIcIpated m pasture seed ImportatIOn The maJonty of these ventures
have faIled, as eVIdenced by the continued (albeIt sporadIc) importatIOn of pasture
seed, the lack of matenal, and the lImIted local productIOn of pasture seed

AvaIlabIlIty of local seed IS therefore one of the constramts to the popularIzatIon
of Improved pastures and the promotIon of herbaceous legumes for multIple uses
The cost of contmued ImportatIOn of seed IS enormous, and It IS a risky
mvestment Of the wide range of pasture specIes mtroduced mto the country
(Table 1), most are selected for theIr good herbage production, but for the
maJonty, potential seed yIeld IS also good (Tables 2 and 3)

Table 1 Adaptation to different ecological zones of Nigeria of pasture species
promoted by NAPRI.

Legumes Ecological
zones of

adaptationt

Grasses Ecological
zones of

adaptationt

1,2,3

1,2,3
1,2,4
3,5

1,2,3
3,4

1,2,3,4
1,2,3,4
1,2,3
3,5

1,2,3,4
1,2

1,3,4

A/ys/carpus sp
Arach/s hypogea
Ca/opogomum muconOides
Crota/ana macroca/yx
DesmodlUm spp
G/ycmemax
/nd/gofera bracteo/ata
/nd/gofera pu/chra
Mucuna pronens
Lab/ab purpureus
Sty/osanthes frot/cosa
Sty/osanthes gwanens/s
cv Cook
Sty/osanthes hamata
cv Verano
Sty/osanthes humll/s 1,2,3,4
Tephros/a bracteo/ata 1,2,3,5
Tnfo/lUm spp 4
Vigna spp 1,2,3
Zomla g/ouch/d/ata 1,2,3,4

Andropogon gayanus
Andropogon mgratana
Brach/ana bnzantha
Brach/ana decumbens
Cenchros b/f1oros
Cenchros c/lJans
Cenchros pneunJ
Ch/ons gayana
D/g/tana smutsll
Eragrost/s tremu/a
Pamcum max/mum
Penmsetum ped/cellatum

Penn/setum typhOides

Penn/setum purpureum
Sorghum a/mum
Vet/vena mtntana

1,2,3,4
1,2,3

1,2,3,4,5
1,2,3,4,5
1,2,4,5
1,2,4
1,2

1,2,3,4
2,3,4
1,2

2,3,4,5
1,2,4

1,2

1,3,4,5
1,2,3

1,2,3,4

t 1= Sudan/Sahel savanna, 2 = Northern GUinea savanna, 3 = Southern GUinea/Derived
Savanna, 4 = Mid-altItude, 5 = Humid forest.
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Table 2. Examples of seed yield for some pasture crops obtamed at NAPRI (grown at
Shlka, Zaria).

Species Seed Longevityt Species Seed Longevityt
yield yield

(kg/ha) (kg/ha)
Legumes Grasses
Centrosema 707 A Andropogon 643 P

pascuorum gayanus
Centrosema 784 P Brachlana 382 P

pubescens decumbens
Chamaecnsta 653 AlP Cenchrus ci/ians 390 A

rotundlfo/la
Mucuna prunens 960 A Ch/ons gayana 552 P
Stylosanthes 450 AlP Dlgltana smutsll 23 A

gUianensls
Stylosanthes 847 AlP Eragrostls tremula 115 A

hamata
Stylosanthes 948 AlP Pamcum 287 A

humll,s maximum
Penmsetum 275

pedicel/atum
Dual purpose legumes Sorghum almum 692 A
Arachis hypogea 785 A A
CaJanus caJan 652 P
Glycine max 539 A
Lablab purpureus 1,135 A

tA= annual, P= perennial

Table 3. Seed yield for selected forage legumes at ILRI (grown at Kaduna).

Species Seed yield (kg/ha) 1988-1994

Aeschynomene hlstnx
Calpogomum muconoldes
Centrosema acutlfollUm
Centrosema brasilianum
Centrosema pascuorum
Centrosema pubescens
Chamaecnsta rotundlfolla
Clltona tematea
Lablab purpureus
Stylosanthes gUianensls
Stylosanthes hamata
Stylosanthes humilis
Stylosanthes scabra

80
44

3
8
9
1

10
30
52
50
66

142
21

Maximum
887
737
117

1209
798
774
570
173

1869
541
702
634
200

To save the lIvestock mdustry from collapse and promote more sustamable
agricultural practices, a renewed effort IS bemg made to mtroduce pasture speCies,
herbaceous legumes m particular, mto the production systems m Nlgena NAPRI,
m collaboration with the Institute of Agncultural Research (JAR) m Zaria, is
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already mtroducmg some dual-purpose legumes into the agro-pastoral systems m
an attempt to promote pasture productIon among ltvestock producers The
InternatIOnal InstItute of TropIcal AgrIculture (UTA) and ILRI are also workmg on
the development of dual-purpose legumes (e g cowpea and soybean) that have the
potentIal to fit mto the agro-pastoral system Recently, some eltte farms have
sprung up m dIfferent parts of the country, and requests for pasture seed have
mcreased WIthm the past two or three years, NAPRI has faced an mcrease m
demand for pasture seed, but has found It dIfficult to satisfy all requests In
recogmtion of the potentIal of Improved pasture, the NatIOnal AgrIcultural
Research Project (NARP) IS sponsonng a breeder and foundation seed program m
NAPRI for five grasses (Andropogon gayanus, Penmsetum pedlcel/atum, Pamcum
maximum, Sorghum almum, and ChlorIS gayana) and five legume speCIes (Lablab
purpureus, Stylosanthes hamata, Alyslcarpus spp , and Mucuna prurzens) Another
orgamzatIOn playmg a pOSItive role m thIS area IS the NatIonal LIvestock Project
DiVISIOn, whIch IS promotmg the fodder bank concept, developed by ILRI, among
lIvestock farmers Some NGOs are also workmg towards enhancmg the mcome
generatIOn capabIlIty ofthe rural populace through Improved ltvestock productIOn

Prospects for Promotion and Adoption of Herbaceous
Legumes and Pasture Species

It IS clear that tradItIonal productIOn systems are changmg m relation to the
mcreases m human and ltvestock populatIOns and the resultant greater demand for
land Such agncultural mtensIficatIOn could lead to the degradatIOn of the natural
resources If solutIOns are not sought Herbaceous legumes, many formerly
promoted as pasture speCIes, have the potentIal to contribute to the productIOn
systems by enhancmg ltvestock productIVIty and vanous aspects of soIl
management

In VIew of these changes, and the closer mtegratIOn of crops and ltvestock, the
promotIOn of sustamable crop-lIvestock systems IS one of the goals of the recently
launched Eco-regIOnal Program for the HumId and Sub-humId TropiCS of AfrIca
(EPHTA), convened by UTA (UTA 1996) ThiS program mcludes three consortIa
the mland valley, the mOIst savanna, and the humid forest EPHTA alms to
promote regIOnal allIances to develop and transfer more productive and sustamable
agricultural systems for each of the zones

Crop-ltvestock productIon systems are a very slgmficant component of the
agricultural system m the mOIst savanna, for which one EPHTA bench'11ark area IS
located m the Northern Gumea savanna ofNlgena To date, work m thIS area has
mcluded collaboratIon among all regIOnal stakeholders workmg on-statIOn and m
selected vIllages With farmers The potentIal of several herbaceous legumes IS
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being explored, using both on-farm and on-statIOn testing, together wIth aspects of
dissemmatIon, including seed productIon

In the Northern Guinea benchmark sIte, the CatholIc Resource Centre, an NGO
working to promote rural development, has InItIated on-statIOn and on-farm seed
productIon of a number of herbaceous legumes, mcludmg both green manure and
fodder crops NIgerIa'S Federal LIvestock Department and Pest Control servIce has
InItIated another attempt to procure large quantitIes of Andropogon gayanus and
Stylosanthes hamata from NAPRI for distrIbutIOn to mterested farmers These
efforts, m combinatIOn with those of NAPRI, IAR, and lITA/ILRI as deSCrIbed
above, mdicate that the prospects for seed productIOn, and promotIon of
herbaceous legume speCIes, are Improvmg

One of the research themes m the Northern Gumea benchmark area IS crop
livestock mtegration Many aspects of thIS mtegratIOn are well known m the
region, but there is scope for improvement For example, farmers are used to the
productIOn and utIlIzation of crop reSIdues, especially legume straw for
supplementary feedmg dUrIng the dry season Smce 1988, NAPRI has been
promotmg the adoptIOn of selected varietIes of dual-purpose legumes among agro
pastoralists The current research portfolIos of JAR, ILRI, and lITA m this regIon
mclude the development of improved dual-purpose varIetIes of groundnut and
cowpea On-farm trIals of dual-purpose and herbaceous legumes have been
established, and prelImmary observatIOns mdicate that these optIOns are promIsmg
for optimIzmg the benefits of such legumes to crops, SOlI, and lIvestock Such
options are Important in VIew of the rIsmg cost and lImIted avaIlabilIty of chemIcal
fertilizers, pushing morganIc mputs largely out of reach for small-scale farmers.

If the mtroductIOn of herbaceous legumes IS recognIzed as an attractIve optIOn for
farmers, there IS another potential source of mcome m the form of seed productIon
ThIS WIll further optImIze the resource use of small-scale farmers It WIll also
ensure local avaIlabIlIty of the seed of SUItable herbaceous speCIes withm the
system, thus cuttmg down on ImportatIOn Both natIonal and mternatIOnal research
centers therefore need to take into consideratIOn a number of aspects WIth respect
to herbaceous legumes These mclude the approprIate mtroductlon and promotion
of the speCIes accordmg to the biophYSIcal and SOCIOeconomIC enVIronments, and
the proVISIOn of back-up seed multIplication faCIlItIes InItIally, seed multIplIcatIon
needs to be carrIed out on-station, but WIth time, and the increasmg adoptIon of
such technologIes, seed productIon by farmer groups, or by contract farmers, WIll
also need to be explored. CollaboratIOn WIth NGOs IS also hkely to be fruItful m
thIS respect
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Abstract

A study was InItiated m 1995 on the mformal vetch seed system m the central
highlands of Turkey Vetch IS an Important crop In Turkey It covers
approxImately 265,000 hectares, of WhICh 60-70% IS located m the Central
HIghlands of Turkey (CHT) Although both common vetch (VICW satIva) and
HungarIan vetch (VICW pannomca) are grown In the regIOn, common vetch IS the
most Important, and IS grown for seed and straw It IS mamly m the CHT that
farmers stIll use local landraces, WhICh are well-adapted to local condItIOns but
have low seed and straw yIelds InterestIngly, the area under HungarIan vetch,
WhICh has a reasonable cold tolerance, has mcreased m the CHT over the last five
years AccordIng to market surveys, vetch seed collected from dIfferent countIes m
the regIOn IS sent to the maIn market town of <;ubuk m <;ubuk County, where It IS
sold to prIvate merchants and transported to MersIn for export However, no seed
of HungarIan vetch IS sold In the <;ubuk market Sales of common vetch have been
declImng SInce 1992 because of decreaSIng demand from major Importmg
countrIes and unfavorable marketmg polICIes Seed qualIty, m terms of physIcal
purIty and germInatIOn, though varIable, IS not consIdered a major problem In the
second phase of the study, 40 farmers from five vIllages In <;ubuk County were
surveyed For common vetch, farmers use theIr own seed, but they purchase new
seed every three to four years, eIther from neIghbors or from seed merchants The
plots reserved for seed to be used for the commg season are mostly selected before
harvest ThIS seed IS usually cleaned, treated WIth chemIcals, and stored The
remaInIng harvested seed IS sold m the market and only a small part IS saved as
lIvestock feed In <;ubuk County, HungarIan vetch IS only produced by major
lIvestock producers WIth an average farm SIze over 20 ha Common vetch IS
generally grown by resource-poor farmers, whereas the HungarIan vetch IS grown
by relatIvely larger and rIcher farmers
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Introduction

The total area of Turkey IS about 77 66 mIllIon hectares, of which 25 4 mIllIon
hectares IS arable land Annual ramfall varIes from 250 mm m Central AnatolIa to
2,500 mm m the Eastern Black Sea regIOn The average ramfall in the CHT does
not exceed 400 mm Seventy percent of ram falls between December and May A
cereaUfallow rotation IS the traditional pattern practIced by the maJonty of
farmers Thus, approximately one thud of the cropland remams fallow for 12 to 14
months.

The major forage crops grown are vetch (VICW sativa and V pannomca), alfalfa
(Medlcago sativa L), and samfom (Onobrychls sativa Lam) The areas under
cultivatIOn m Turkey and the CHT are gIven m Table 1

Table 1

Crop

Area (ha) of forage crops In Turkey and Central Highlands of Turkey

Turkey (ha) CHT (ha) Percentage of total In CHT
Vetch
Alfalfa
Salnfoln
Total

257,000 130,230 50 6
172,625 38,190 22 0
85,637 15,253 17 8

515,262 183,673 355

In general, lIvestock feed m the CHT IS mamly dependent on common Village
pastures, cereal straw, barley gram, vetch straw (mamly m mountamous areas),
and supplementary feed

The CHT can be diVIded mto two areas the plateau where cereals are major crops,
and the mountams (transItion zone), where vetch productIOn IS WIdely practiced
Although farms are small m the mountams, With almost no fallow land, lIvestock
still contnbutes about three-fourths of the annual mcome (FmncIOglu et al 1996)
On the plateau, where farms are large and fallow IS avaIlable, lIvestock contrIbutes
only one-thud of the annual mcome ThiS explams why vetch cultIvatIOn IS mostly
located m mountainous areas

Although both common and Hunganan vetches are grown m the CHT, common
vetch IS the most important crop, grown for gram and straw In fact, most farmers
still use local landraces of thiS crop, which are well-adapted, but not very
productive Vetch IS still grown as a sprmg crop because of the lack of cold
tolerant cultivars The area under Hunganan vetch, whIch IS reasonably cold
tolerant, has mcreased m the CRT over the last five years

The present study was InItiated m 1995 to (1) Identify cultivated area and cultural
practIces, (n) study market systems, and (m) charactenze vetch seed qualIty and
vanabilIty m the local market
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Materials and Methods

This study was conducted m the highlands of ~ubuk and Kalecik counties The
methodology consisted of formal surveys and mformal contacts/mtervlews with
farmers and seed merchants Two questionnaires were designed, one for vetch
seed marketmg (merchant survey) and one for seed supply systems for major crops
(farmer survey)

For the merchant survey, a questIOnnaire based on mformal contacts was
formulated to mvestIgate charactenstIcs of merchants, seed purchasmg, selhng and
pncmg of vetch, and questions related to Hunganan vetch

The farmer survey covered five Villages and was conducted at the farm level to
collect mformation about cultivation and marketmg of vetch and other major
crops The questIOnnaire was based on whether seed was purchased from
government, neighbors, or grown by the farmer Forty farmers were randomly
selected and mterviewed m Buyuduz, Mehksah, Slhlar, Sunlu, and Yazir Villages
m ~ubuk County

The farmers were mtervlewed m the field whIle plantmg, m their houses, or m
coffee shops The surveys were conducted m collaboration with the Agricultural
Directorate of ~ubuk County, which prOVided mformatlon on these Issues
InformatIOn was also obtamed from the Agricultural Directorate

Results and Discussions

Vetch Production and Marketing

~ubuk IS the mam marketmg center for vetch m Central Anatoha Eight of the 32
merchants mterviewed are permanent supphers of vetch seed, while others act as
temporary merchants and farmers accordmg to the season

Vetch seed is collected from other counties (Kaleclk, Pursaklar) and provmces
(~anklfl and ~orum) and channeled to the ~ubuk market, from where It IS sold or
exported

Most of the seed m the market IS of common vetch, no Hungarian vetch seed IS
sold Accordmg to merchants, 1990 marked the declme of vetch seed production m
Turkey and most merchants have stopped handhng it Some merchants mentIOned
that it is difficult to transport quantities of seed less than a truckload to the Mersm
seaport

The marketmg channel for common vetch consists of farmers, merchants, and
export firms The seed flow starts With the farmer and reaches the exporters via the
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merchants (FIg 1) A reverse flow between the farmers and merchants mdicates
that farmers also purchase vetch seed from merchants when needed (in case of
crop faIlure or loss)

Farmers -lIII---+~ Merchants ----+~ Export Companies

Figure 1. Common vetch seed flow In Eastern Anatolia

Merchants play a basIc role m connectmg farmers to export firms Important
quantItIes of vetch seed come from Akyurt, SIhlar, Sunlu, and Yazir VIllages,
where most of the productIon IS located More than 60% of merchants purchase
900-1,200 tonnes of seed per year each

Cultivation of Vetch and Other Major Crops

The mam crops cultIvated m <;ubuk County are wheat, barley, and common vetch
ChIckpea and lentIl are also produced for marketmg, although production has
decreased sharply since 1993 and they are now used only for private consumption
(Table 2)

Table 2. Area (ha) planted to major crops In <;ubuk County.

Crop
Wheat
Barley
Vetch
Lentil
Chickpea

1990
30,915

7,645
39,181

7,400
6,800

1993
32,007

9,582
33,175

4,100
2,600

1996
34,500
10,100
24,400

1,900
1,400

Of the 40 farmers surveyed, 25% grow vetch/wheat/barley or
vetch/wheat/chIckpea, 37% grow vetch/wheat/barley/chickpea, and 13% grow all
crops

Farmers used their own seed for common vetch If seed was not available because
It had been sold on the market or the crop had faIled, farmers purchased the seed
from neighbors (74%) or seed merchants (26%)

Small-scale farmers reported that the three major factors IImItmg the use of
certified seed are (1) hIgh cost of certIfied seed (double that of local market seed),
(11) doubts about seed qualIty, and (111) dIfficulty m obtammg the seed because of
the long dIstance to market
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For cereal productIOn, farmers use mputs such as fertilIzer, pestIcIde, and
herbIcIde Both phosphate and mtrogen are applIed at plantmg, and an addItIOnal
mtrogen treatment IS applIed m sprmg. All farmers clean and treat the seed WIth
chemIcals Cleaners are provIded free for publIc use In contrast, farmers do not
use mechanIcal planters, apply fertIlIzers, or control weeds for vetch productIOn
Inputs such as fertIlIzers and pestiCIdes are avaIlable m suffiCIent quantity, but the
farmers agreed that mgh pnces prombit theIr use All farmers saId that they need
credIt regularly, although they have problems WIth the terms and condItIOns of the
credIt system CredIt cooperatIves m some VIllages were not able to meet theIr
clIents' needs As a result, farmers get credIt from the Agncultural Bank, whIch
proVIdes credIt based on the mortgage value of the farmer's arable land

An average of 30,000-40,000 tonnes of common vetch seed was produced
annually from 1990 to 1992 (FIg 2), and hundreds of tonnes of seed were
exported After 1992, exports started to declme, as a result of wmch vetch seed
productIOn also decreased

50,000 40,000

~

40,000 '"'" 30,000 ~5
c g;c 30,0000

'" 20 000 g
'"Q)

20,000
;:;... <J« :::l
"C

10 000
10 000 ~

a a
1990 1993 1996

II:::J Area sown ~Seed production I

Figure 2 Area (ha) and seed production (t1ha) of common vetch grown In C;ubuk
County from 1990 to 1996.

Hunganan vetch IS grown by 2-3 farmers from each VIllage of <;ubuk County
Accordmg to the farmers' survey, 9 of the 40 farmers mterviewed grow Hunganan
vetch. These are mamly large farmers (>20 ha) whose mcome depends largely on
lIvestock productIOn (15-20 head of cattle, about 30 sheep)
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Vetch Seed Quality

Dunng the merchant survey, 300-400 g of vetch seed was collected from each
merchant m C;ubuk Town to assess seed qualIty Physical punty and germmatlon
of the samples were vanable, wIth an average of 80% It seems that most of the
farmers use cleaners before sellIng theIr seed to merchants Thus, seed qualIty IS
not consIdered a major Issue

Conclusions

Vetch IS an Important crop for lIvestock feed and mcome generatIOn m the remote
areas of the Central HIghlands of Turkey A maJonty of the vetch growers are
resource-poor farmers wIth small landholdmgs, dependent mamly on lIvestock
productIOn An extensive farmmg system IS practiced by most of the farmers In
fact, common vetch IS pnmanly grown for seed, which has a market value It can
be concluded that demand for export substantially contributes to common vetch
production The Importance of lIvestock m mcome generatIOn, and small land Size,
make thIS crop appropnate for rotatIOn with cereals

Vetch production has decreased smce 1992, because of a government polIcy that
has encouraged meat Imports and subSidized cereals Also, the export market has
decreased due to a lack of transparency by merchants m mternatIOnal transactions

The area of Hunganan vetch has expanded substantially over the last five years
Some mnovative farmers have actually shifted to Hunganan vetch Despite ItS
absence m the market, It IS consIdered an Important crop due to hIgh yield
potential and feed value
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Abstract

Moroccan farmers who have tested annual Medzcago spp as an alternattve to
weedy fallow are convmced of therr agronomIc and economIC benefits Farmers
have developed theIr own management system and prefer plantmg the pasture
every year MedIC seed IS, however, very rare m the local market and ItS pnce IS
very hIgh To contmue promotmg the estabhshment of medIC pastures, the Instttut
NatIOnal de la Recherche Agronomique (INRA, Morocco) and the InternatIOnal
Center for Agncultural Research m the Dry Areas (ICARDA) tested dIfferent
technologIes to help farmers produce then own medIc seed On-farm tnals were
conducted on 2I and 11 fields over two years to test harvestIng and threshIng
machInes In the farmers' fields A hand broom, the ICARDA sweeper, the
ICARDA thresher, and the straw thresher were tested About 90% of farmers
managed the medIc pasture well and produced hIgh pod yIeld SweepIng wIth a
hand broom was tIme consumIng The ICARDA sweeper pushed by hand needed
two persons, and rocks, clods, and dry vegetatIOn had to be removed first Pulled
wIth a donkey, the ICARDA sweeper was very fast and allowed the harvest of
about 500 kg of pods per day MInor modIficatIOns are needed to adapt thIS
machIne to donkeys The ICARDA thresher proved very efficIent but needs
electncity ThreshIng pods wIth the straw thresher was not sUitable Farmers
expressed theIr wIlhngness to adopt the harvestIng technIque and plant pods In
theIr weedy fallow

Introduction

The potentIal economIC value of annual Medzcago spp (medIcs) for Morocco has
been pOInted out by several authors (Leeuwnk 1976, BouneJmate 1984) Research
In Morocco confirms the agronomIC and economIC benefits of the cereaVmedic
system compared to the cereaVfallow system (Mazhar 1987, 1994)

In 1985, the Mmistry of AgrIculture and Agranan Reform launched "1'operatIOn
ley-farmIng" WhICh mmed at convertmg 150,000 hectares of grazed fallow to
annual legume (maInly medIc) pasture, over 15 years DespIte consIderable
optImIsm and effort, the rate of adoptIOn was very low Lack of medIc seed was a
major constramt to the dISSemInatIon of these pasture speCIes Farmers developed
theIr own method of management The medIC IS consIdered a forage crop, seeded
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every year as a pure stand or m a mixture With a cereal It is grazed, cut, fed as
green, or conserved as hay or silage (Mazhar 1994). The non-availability of medic
seed near the farm and the high pnce fixed by the Seed Company discouraged
farmers from plantmg medic every year

To contmue promotmg the establishment of mediC pastures, INRA, m
collaboratiOn With ICARDA and the Mmistry of Agnculture of Morocco, tested
small-scale machmery developed by ICARDA Prelimmary tests of the sweeper
and the thresher at expenmental statiOns were very successful (ICARDA 1992,
INRA 1994a, 1994b) To transfer these technologies to farmers, several on-farm
trials were conducted for demonstratiOn and evaluation The objective was to teach
farmers how to produce their own mediC seed, to test the sweeper for collectmg
pods m the field, to evaluate different threshmg techniques of mediC pods, and to
identify the different pasture management practices used by farmers and their
mfluence on medic-pod yield

Materials and Methods

Tnals were conducted on farmers' fields dunng two years (Table 1) Two
provmces and seven Centres de Travaux (CT) were represented Fields of 1-2 ha
were seeded With a miXture of five medic cultivars Farmers were mformed of the
objectives, the management of the pasture, and the grazmg method. However,
dunng the growmg penod, the practices of each farmer m managmg the grazmg
pattern were not the same Each practice was recorded. Farmers were adVised to
protect a part ofthe field (1,000-2,000 m2) for seed mcrease MediC pod yield was
estimated by harvestmg 6 quadrats of0 25 m2 from each field.

Table 1. Site, number of farmers, and area planted to mediC pasture (1995/96,
1996/97).

Province CT Number of farmers Area planted (ha)

1995/96 1996/97 1995/96 1996/97

Settat Ben Hmed 6 3 7 2
Settat 2 0 25 0
Ouled SaId 2 0 4 0

Safi Chemala 3 4 55 35
SebtGzoula 4 3 375 2
Jemaa Sahlm 4 0 625 0

Khounbga Khounbga 0 1 0 05
Total 21 11 29 8

Harvestmg techniques tested mc1uded a hand broom and the ICARDA sweeper
(Chnstiansen 1993) The sweeper was either pushed by hand or pulled by a
donkey The ICARDA thresher (Chnstlansen 1993) and the straw thresher were
used for threshmg
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Two field days were organIzed each year at two sItes to demonstrate the use of the
sweeper, hand broom, and thresher Farmers trIed out the machmes, expressed
theIr VIews, and made suggestIOns

Results and Discussion

Pasture Establishment

In 1995/96, 29 hectares of medIc pasture were establIshed on 21 farms, and m
1996/97, 8 ha were establIshed on 11 farms EstablIshment reqUIrements were
applIed by most farmers dUrIng both years Phosphate was applIed by 78% of
farmers, and about 87% of pasture was seeded early Weeds mvaded the sown
medIC pastures late m the year (December)

Grazing Method and Pod Yield

DIfferent grazmg methods (Table 2) were practIced The flock SIze vaned from 40
to 120 head for sheep, and from 4 to 14 for cattle Most farmers used the medIC
pasture as a complement to weedy fallow

About 16% of the farmers practIced contmuous grazmg for a few hours every day
A second group (31%) practIced rotatIOnal grazmg WIth short perIods m and out
The thIrd group (23%) overgrazed the medIC pasture before flowermg and then
stopped grazmg These three methods were favorable to medIC pod yIeld Grazmg
durmg flowermg and seed set was practIced by 21% of the farmers ThIs method
was destructIve to pod settmg ThIs group dId not put the ammals on the medIC
pasture earlIer because enough herbage was aVailable from weedy fallow or
because the pasture was establIshed late The last group (9%) planted medIC m a
mIXture WIth a cereal (barley or oat) The pasture was cut as green forage or as
hay. Hay yIeld was 200-300 bales/ha, and was of hIgh qualIty It was a very good
source of protem durmg the fall The average pod yIeld of 300 kglha IS not
surprIsmg, because the medIC plant regrows qUIckly after cuttmg WIth speCial
care, it IS pOSSIble to develop a future medIC pasture from thIS amount

In conclUSIOn, 90% of farmers realIzed hIgh pod YIeld, but only 70% managed the
medIC pasture well and produced a hIgh yIeld of medIC pods When the pasture
was cut green or for hay, the average pod yIeld was reasonable, showmg that
medICS are adaptable to farmer practIces
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Table 2. Influence of pasture management on production (kg/ha) of medic pods over
two years.

Year Cg Rg Og/f G/f+p Mxlgh

Pod yield 1995/96 1513 1087 1208 532 568
1996/97 1060 1175 1088 491 334

Farmers (%) 1995/96 14 13 19 14 9
1996/97 18 18 27 27 9

Pod yield Average 1286 1131 1148 511 451
Farmers (%) 16 31 23 21 9

Cg =contmuous grazmg a few hours per day, Rg =rotatIonal grazmg, Og/f =overgrazed
before flowenng stage and stopped G/f+p = grazmg dunng flowenng and seed set, Mxlgh
=harvest green or hay from mixture of medic and cereal

Seed Yield
On average, pod yIeld was hIgh 1,000 kglha (Table 3) Smce seed weIght
represents 30% of pod weIght (Mazhar 1987), average yIeld of seed was 300
kglha ThIs productIOn IS tWIce that reported by TaZI (1990) m commercIal medIc
seed productIOn MedIc seed can thus be produced on-farm at a very low cost

Table 3 MediC pod production at different sites (1996/97,1997/98)

Province CT Pods (kg/ha)

1995/96 1996/97 Average

671
901

Settat

Safi

Khounbga

Ben Hmed
Settat
Ouled Said
Chemala
Sebt Gzoula
Jemaa Sahlm
Khounbga

1,260 1,004
910
820

1,300
900
860

1,143

1,132
910
820
985
900
860

1,143

Evaluation of Small-scale Machinery

Harvest of Pods

Pod harvest wIth the ICARDA sweeper and a hand broom was demonstrated on
four farms at two locatIOns (CT Ben Hmed and CT ChemaIa) A total of 52 and 70
farmers attended the on-farm field days m the first and second years, respectively.
Seventeen people partIcIpated m the extensIOn exerCIse

The ICARDA sweeper was first tested m 1995/96. ThIS machme was dIfficult to
push and needed two persons The land had not been leveled after seedmg, and the
presence of rocks and clods on the surface made harvestmg pamful and slow
Farmers at the field day m Chemaia suggested usmg anImal tractIOn.
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Thus in 1996/97 the sweeper was pulled by a donkey, whIch made the Job eaSIer
and faster Constramts from SOlI were no longer a problem In half a day, 6 sacks
of 50 kg each were collected at Ben Hmed, and 10 sacks were collected at
Chemala m one day Ten sacks are equal to 500 kg of pods, whIch IS enough to
plant at least one hectare of weedy fallow Farmers m both CTs were wIllIng to
plant pods m theIr weedy fallow

At the Ben Hmed SIte, farmers trIed the hand broom It IS better adapted to soIl
wIth rocks and clods on the surface than the ICARDA sweeper, but It was time
consummg, and may prove to be more expensive than the sweeper

The particIpants at the field days made dIfferent suggestIOns concemmg
modIficatIOns that should be made to the sweeper to mcrease harvestmg effiCIency
and adapt It to ammal tractIOn

Threshing Techniques

Because It needs electrIcIty, the ICARDA threshmg machme was tested only at an
expenmental statIOn ThIS machme IS also heavy to transport Farmers conSidered
the techmque complicated and not adapted to theIr condItIOns

The straw thresher, avaIlable at several farms, was tested m the field About 50%
of pods were not threshed and 10-15% of seeds were broken Nevertheless,
farmers preferred the technique smce pods which escape threshmg can be fed to
sheep

Future Concerns and Focus
The farmers' attItude towards medICS IS pOSItive Some of the benefits they see are
fast regrowth of medIC after grazmg, bread wheat performs better after medIC,
lambs are healthIer when grazmg medIC, and ewes are more productive

Because avaIlabIlIty and pnce of medIC seed are major obstacles to adoptIOn, and
m VIew of the promIsmg results obtamed m promotmg an mformal mediC seed
system, short-term efforts wIll concentrate on the followmg

• Adaptmg the sweeper to annnal tractIOn

• Venfymg and demonstratmg the sowmg of medIC pods

• Creating a market for pods to be sold or exchanged between farmers wlthm the
same rural commumty

• Venfymg the feaSibIlIty of usmg the sweeper m a cooperative orgamzatlOn

There IS also a clear need to develop a long-term project between all agricultural
mstItutlOns and the rural commumty The broad focus wIll be on
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• Supplymg medic seed to 20 farmers located m one rural commumty The
community of Sbiate at the ChemaIa site expressed itS willmgness to support
the estabhshment of20 hectares ofmedic pasture

• Constructmg three sweepers every year

• Supportmg the estabhshment of 20-40 ha each year m the rural commumty

• Urgmg farmers to collect at least 500 kg of pods from each hectare,

• Providmg technical aSSistance to fanners mterested m improvmg their weedy
fallow and producmg mediC pods
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Abstract

Forage crops occupy less than 10% of the cropped area m Morocco ThIs low
productIOn area IS a result of the many problems that face the forage seed sector m
the country Problems wIth seed productIOn and commerCiahzatiOn remam key
constramts Forage seed productiOn IS low, and what IS produced IS not available to
farmers The ObjectIves of thIS study were (1) to Improve seed productiOn of
fodder legumes to mcrease feed productiOn and qualIty m order to motIvate
farmers to cultIvate more forage crops, and (n) to find ways to mcrease seed stocks
and theIr dissemmatiOn at the farm level Two experIments were conducted on the
effect of phosphorus fertIlIzatiOn on pasture and forage legumes The first
experIment was conducted on phosphorus fertIlIzatiOn of medics at two statIons
dUrIng the 1984/85 and 1986/87 growmg seasons, followed by verIficatiOn trIals at
the farm level from 1987 to 1992 To faCIlItate seed mcrease at the farm level, a
small sweeper to harvest medIC seed was mtroduced and tested by research
farmers and extenSIOn agents m collaboratIOn WIth ICARDA staff The second
experIment, whIch started m 1996/97, mvestIgated the response of gram yIeld and
SIze of nme forage and pasture legume speCIes to dIfferent phosphorus rates The
fodder legumes concerned were Medlcago spp, VICla ervllza, V narbonensls, V
satIva, V villosa, Lathyrus ochrus, L clcera, and L satlvus Rates of phosphorus
fertIlIzatIOn varymg from 45 to 90 kg P20siha Improved gram yIeld by 20-300%
Gram number and SIze of V narbonensls, V ervllza, Medlcago spp , and Lathyrus
spp were mcreased by phosphorus On-farm trIals showed that m many cases
(more than 70% of farms) applymg only phosphorus fertIlIzatIOn (90 kg P20slha)
to the weedy fallow WIthout any seedmg of commerCial medICS Improved gram
yIeld of natIve legumes, partIcularly medICS, by more than 100% In conclUSiOn,
applymg low-cost and SImple seed productiOn techmques to Improve seed yIeld of
forage legume speCIes WIll Improve feed and anImal yIelds, and WIll therefore
motIvate farmers to cultIvate more forage crops
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Introduction

Farmmg systems of semI-and North AfrIca are characterized by mtegratlon of
hvestock (sheep) and crop (barley and wheat) productIon to cope wIth the high
nsk envIronment (low and Irregular ramfall) In addItIon, fertlhzer mputs are low,
and what is added or recommended IS not done so withm a systems context Thus,
crop fertlhzation recommendatIOns m low-ramfall areas, whtle considenng
sustamable mputs such as speCIes, rotation, and the economIC advantage expected
from fertihzer use, do not consider ways of Improvmg sotl fertIhty Phosphorus (P)
fertlhzatIOn IS generally apphed m wheat-based farmmg systems where food
legumes, such as chickpea and lenttl, are grown m rotatIOn WIth wheat However,
m areas where forage legumes are cultIvated, P fertIlIzatIOn of these crops IS not a
common practIce

Since the early 1920s, many studIes have been conducted on the effect of P
fertIlIzatIon on forage yIeld and pasture botamcal compOSItIon and yIeld PositIve
and sigmficant effects ofP fertIlizatIon on legume forage yIeld have been reported
by many mvestlgators (Anderson and Lachlam 1951, Martm 1958, Ozzane 1969;
Gates 1974, EI Mzoun 1984)

The contnbutIOn of P to seed yIeld mcrease has also been reported for many
legume specIes Indeed, mcreases m chIckpea seed productIOn of 60, 28, and 71%
were obtamed by dIrect, resIdual, and cumulative P apphcatlon, respectively
(Amram 1997) Gram productIon of Medlcago truncatula, M polymorpha,
T"'ifolzum subterraneum, and VZCW villosa was Improved by 30, 40, 20, and 40%,
respectIvely, after applIcatIOn of 45 kg P/ha m low-P soIl m the ramfed area of
central Morocco (EI Mzoun 1984) In Austraha, a lmear seed yIeld response for
two subterraneum subspeCIes and five Ornzthopus speCIes (0 compressus, 0
satlvus, 0 pmnatus, 0 perpusillus, and 0 lsthmocarpus) was obtamed by
applymg 0-100 kg P/ha (Bolland 1985) The same study showed that applymg
mcreasmg amounts ofP (20-200 kg/ha) mcreased seed yIeld of Medlcago spp. (M
truncatula, M polymorpha, and M tornata) The response increased lmearly, but
declmed WIth mcreasmg P applicatIOn WIthout reachmg a response plateau
(maxImum yIeld response)

High P concentratIOns m forage legume seed have pOSItIve effects on both herbage
and seed yIeld m the field In fact, Bolland and Baker (1989) demonstrate that
mcreasmg P concentratIOn m the seed of T balansae and M polymorpha IS
associated WIth mcreased seed yIeld SImIlarly, the effectIveness of
superphosphate mcreases when drilled with the seed, so that less fertIhzer IS
reqUIred to produce the same yIeld as P concentratIon m the seed mcreases

Few studies have consIdered the response of forage crops to P fertilizatIOn in the
mamly ramfed areas of the North Afncan countrIes Therefore, there is a need to
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access the effects of P fertIhzatlOn on seed productIon and quahty of forage crops
In order to Improve these speCIes, particularly when most sOlIs cultIvated wIth
cereals are also low In P Some results, from on-statlOn research concernIng the
effects of P applIcatlOn on Medlcago seed productIon, need to be transferred and
venfied In farmers' fields to encourage En sztu seed Increase and multIplIcatIOn

The objectIves of our work were (1) to evaluate the response of total blOmass
YIeld, seed YIeld, and graIn SIze to P applIcatIon of nIne annual forage legume
speCIes under three dIfferent soil P levels (low, medIUm, and hIgh), and (n) to
conduct on-farm P fertIlIzatIon trIals to Increase natIve Medzcago seed productIon
In Situ

Materials and Methods

Two phases are presented In thIS paper, In accordance WIth our objectIves first,
the response to P applIcatlOn of mne annual forage legume speCIes, and second,
natIve medIC fertIlIzatIon on farmers' fields

On-station Fertilization Trials

Three sItes WIth dIfferent levels of SOlI P (0 5 M NaHC03) were chosen for this
study They were (I) Manasra (low available P, 7 ppm), shallow loamy clay
(CalcIxeroll) WIthout croppIng for the last 10 years, and used only as pasture, (n)
Jemaa Rlah (medIUm soil P, 10 ppm), a red moderately-deep clay soIl (Xerochrept)
used for wheat and barley productIOn, and (m) SIdI El AydI (hIgh soIl P, 17 ppm),
deep dark clay soIl (Chromoxerert) used for wheat productIon The three sItes are
on the ChaoUIa plaIn near Settat, an area Important for cereal productIon In
Morocco The average annual raInfall for the regIon IS 350 mm The fields used for
the study had eIther wheat, barley, or weedy fallow pasture as the prevlOUS crop

The plant speCIes used for the expenment were V narbonensls, Fzsum satlvum,
Lathyrus Clcera, L satzvus, L ochrus, V erVllza, V sativa, V vzllosa, and a
mIxture of four speCIes of medIC (M truncatula, M polymorpha, M lzttoralzs, and
M scutellata) The land was prepared by deep plOWIng followed by a dIsc-harrow
In early November, 1996 PlantIng was done USIng the WIntersteIger
expenmentatlOn seed dnll WIth a row spacIng of 30 cm on November 27 The
seedIng rates for each speCIes were as follows narbonesls, ochrus, Clcera, satzvus,
and satzvum, 90 kg/ha, satzva and Vll/osa, 70 kg/ha, Medzcago spp, 30 kg/ha, and
ervzlza, 40 kg/ha WeedIng was done manually at emergence, ramIficatlOn,
flowenng, and matunty FertilIzer use at plantmg, other than P, was lImIted to 20
kg Nlha and 80 kg K1ha
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Phosphorus was applIed at three levels m the mam plots on each set of the speCIes
no fertIlIzer (control), 20 kg Plha (medmm); and 40 kg Plha (hIgh) These are the
rates recommended to fanners The expenmental arrangement apphed here was a
spht-plot desIgn, wIth speCIes as the expenmental umt (sub-plot) At each sIte, the
treatments were rephcated three tImes

The data collected were total bIOlogIcal YIeld, seed productIOn, and seed SIze by
weIght StatIstIcal analysIs, usmg the Three-Way AnalysIs ofVanance and T-test
for means companson, was carrIed out wIth SAS tools (1985)

Rainfall
Ramfall durmg the 1995/96 growmg season exceeded the annual average of the
regIOn, but ItS dlstnbutlOn was skewed (FIg 1) In fact, more than 270 mm was
receIved from September to December, WIth 232 mm dunng the month of
December alone, whIch affected crop estabhshment and soll charactenstIcs After
thIS abundant ramfall, a severe mId-season drought, WIth above-average seasonal
temperatures, whIch persIsted from mId-February to late Apnl, delayed crop
growth and hardened the topSOIl However, the planted forage crops m the tnals
dId not suffer senously from the drought, mamly because of theIr early rootmg
and drought-tolerant traIts In addItIOn, weedmg helped reduce SOlI mOIsture loss
and helped take advantage of the late season rams Plant development was
advanced by one week The early-matunng speCIes (less than 110 days) were P
salzvum, L ochrus, and V ervzlza The late-matunng speCIes (125 days) were V
vzllosa, and V satzva
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Figure 1 Monthly ramfall in the regIon (1988-1997)
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On-farm Fertilization Trials

These tnals were conducted for eIght years, from 1988/89 to 1995/96, on a total of
40 farms, selected from different areas of Settat Provmce Soll types vaned from
sandy coastal sOlI, to deep clay soll, to shallow stony calcareous soll Avallable
SOlI P content was generally low «8 ppm) Land use was dommated by croppmg
systems charactenzed by a barley/pasture rotatIOn with low fertIhzer mputs

Each year 4-9 farmers' fields that still had enough natIve mediC seed were
selected for P fertIhzatiOn trials The Idea was to show farmers that the use of
fertIhzer (triple superphosphate, 45% P) would benefit the legumes m the pasture
by mcreasmg both forage and m SItu seed productiOn, and also benefit barley m
rotatIOn by the resIdual effects of both the legume-fixed N m the soll and the
residual P from the previOus year The treatments mvolved one fertihzer rate (20
kg Plha) and a control without P fertihzatiOn The data collected durmg the first
year mcluded botaniCal composItion, forage yIeld of legumes, and seed yield of
native medIcs Given the variabIhty between the expenmental sItes, years, and
farm practIces, a modIfied stabIhty analysIs approach was used to determme the
effects ofP fertihzatiOn on forage and gram yields by recommendatIOn domams

Results and Discussion

On-station Trials

Herbage yield response
BIologiCal yield vaned with the site, bemg a functiOn of soll type (especIally
depth) and ramfall (Table 1) Thus, Sidi El Aydi (Chromoxererts) gave the highest
dry matter (DM) yIeld when compared to Manasra (Calcixeroll) or Jemaa Riah
(Xerochrept) SOlI P concentratiOn pOSItively affected bIOlogIcal yield for most
species However, yIeld response to P apphcatIOn was related to soll P, eVidence
of gram yIeld from P apphcatIOn was more pronounced m the low-P soll There
was a species x P fertihzer rate x soll type mteractiOn, species responded
positively to mcreasmg P III the Jemaa Riah and Manasra solls, whereas m the
black Vertisol of Sidi E1 Aydi it responded posItively only when 40 kg Plha was
apphed

161



Table 1. Mean biomass, gram Yield, and grain size of several forage species grown at
three experimental stations in central Morocco.

Species Manasra Jemaa Riah Sid, EIAydi

Biomass Grain Size Biomass Grain Size Biomass Grain Size

(t1ha) (mg) (t1ha) (mg) (t1ha) (mg)
Vlcla

narbonensl 59 1 2 248 66 22 252 77 26 240
satIVa 55 1 3 51 72 1 5 51 76 20 54
villosa 52 12 42 71 1 2 45 72 18 40
efVIlla 57 14 54 65 1 6 53 73 23 54

Lathyrus
ochrus 45 1 0 123 55 1 1 121 54 1 8 121
clcera 48 22 78 58 22 80 70 31 82
satlvus 38 14 102 57 1 7 98 59 22 94

Pisum
satlvum 36 1 1 157 40 1 0 170 59 1 9 154

Medlcago 40 1 0 55 62 16 58 67 1 5 56

There was a dIfferential response ill tenns of speCIes (Table 2) Accordillgly, V
sativa responded ill the low-P soIl (Manasra), but not ill the others Lathyrus
ochrus reached Its maxImum yIeld ill the high-P Sidl El Aydi soIl when 40 kg Plha
was apphed At other sItes, It was still respondillg to illcreased P fertIhzer ill the
same way as V ervllza, thus showillg the need for more P ill those soIls Lathyrus
satlvus showed a plateau response to P fertIhzatIOn ill all sOlIs These results
demonstrate that forage legume speCIes have dIfferent needs for P, partIcularly
under dIfferent soIl types SOlI test P cahbratIon and fertIhzer P management need
to be more carefully studIed ill crop rotatIOns that illvolve these dIfferent forage
legume speCIes

Table 2 Biomass yield of forage legumes with phosphorus fertilization at three
experimental stations m central Morocco

Species Phosphorus application rate (kg/ha)

Manasra Jemaa Rlah SidI EI Aydi

0 20 40 0 20 40 0 20 40
Vlcla

narbonensls 50 60 66 51 63 84 74 76 81
sativa 50 54 61 73 69 75 78 75 76
villosa 42 54 61 65 72 75 67 72 78
efVIlla 42 61 67 42 75 78 68 70 80

Lathyrus
ochrus 38 42 55 46 56 62 53 59 49
clcera 43 49 51 49 58 67 68 72 69
satlvus 33 42 40 56 57 59 59 57 61

Pisum
satlvum 30 35 42 35 45 40 63 56 59

Medlcago 32 35 42 35 45 40 63 56 59
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Seed yield response
Seed yIeld response of these forage legumes correlated posItIvely WIth mcreasmg
P fertIlIzers for all speCIes and each SOlI type (Table 3) HIgher yIeld gams were
obtamed m the low-P (CalcIxeroll) and medlUm-P (Xerochrept) SOlIs than m the
high-P SOli (Chromoxerert) HIghest seed yIeld was reached m the high-P soIl of
Sidl EI Aydi for all speCIes SIgnIficant posItIve effects of P fertIlIzer on seed yIeld
were regIstered for all speCIes m the study Indeed, m the low-P soIl (Manasra), the
mcrease from P applIcatIOn vaned from 30 to 180% These values vaned from 11
to 17% for the medlUm-P soIl, and from 28 to 44% for the high-P SOlI At all SItes,
relative seed yIeld gams vaned from 14 to 30% for the 20 kg Plha rate, and from
25 to 90% for the 40 kg P/ha rate

Table 3 Gram yield of forage legumes with phosphorus fertilization at three
experimental stations m central Morocco.

Species Phosphorus application rate (kg/ha)

Manasra Jemaa Riah SidI EI Aydl

0 20 40 0 20 40 0 20 40
V/c/a

narbonens/s 08 1 3 1 6 1 9 21 25 24 26 28
sat/va 1 0 1 3 1 5 1 3 1 5 1 8 18 2 1 20
v/llosa 07 1 3 1 7 07 1 2 19 18 1 5 21
eN/lia 09 16 1 8 1 3 1 6 18 21 23 24

Lathyrus
ochrus 06 1 2 1 3 07 09 1 7 16 18 21
c/cera 1 5 21 29 18 25 29 28 29 36
satlvus 1 0 1 5 1 7 1 4 1 6 21 1 8 24 25

P/sum
satlvum 07 1 3 1 4 08 1 0 1 1 1 6 1 7 23

Med/cago 05 1 1 1 4 14 1 9 1 5 1 8 1 3 15

There was SIgnIficant speCIes x P fertilIzer rate x SIte mteraction For example,
V1Cza reached ItS maXImum yIeld m the hIgh-soIl P of Sidl EI Aydi when 20 kg
Plha was applIed, but at other SItes It was still respondmg favorably to mcreasmg
rates of P fertIlIzers Low P m the soIl SIgnIficantly lImIted seed productIOn of V
narbonensls, V vlllosa, L ochrus, L satlvus, and P satlvum Both P satlvum and
medICS produced very lImIted amounts of seed m each soIl type, even when P
fertIlIzer was applIed

Seed size
The SIze of seed, as reflected by weIght, was the parameter least affected m thIS
study (Table 4) NeIther locatIOn nor statIOn had an effect on seed SIze However,
seed SIze was pOSItIvely affected by P applIcatIOn for all speCIes and all SItes,
mdicatmg, therefore, the pOSItIve Impact on seed qualIty (energy) and survIval
StudIes by Bolland (1985) show that hIgh seed P concentratIOn mcreases the
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effectiveness of P fertihzers, so that less fertihzer was reqUired to produce the
same yield as P concentratiOn m the seed mcreases Seed Size vaned to produce
the same yield as P concentratiOn m the seed mcreases Seed Size vaned among
sites, mamly because of sod charactenstics that affect gram-filhng, particularly
after prolonged mid-season drought

Table 4 Gram size of forage legumes with phosphorus fertilization at three
experimental stations m central Morocco

Species Phosphorus application rate (kg/ha)

Manasra Jemaa Rlah Sidl EI Aydl

0 20 40 0 20 40 0 20 40
Vlcla

narbonens/s 233 244 248 250 250 254 238 249 240
sativa 47 53 54 48 54 52 55 53 53
vil/osa 38 42 47 43 45 46 38 37 43
ervilia 52 54 57 58 46 54 54 53 54

Lathyrus
ochrus 115 126 129 121 118 125 119 120 123
clcera 76 78 79 79 89 95 80 82 87
sativa 97 102 106 94 101 99 93 96 94

P/sum
satlVum 148 154 157 157 153 152 155 152 156

Medlcago 53 55 57 55 56 57 54 55 57

On-farm Trials

Botanical composition
Botamcal composition responded pOSitively to P apphcatiOn, particularly m good
ramfall years The overall average (40 farms x 15 samples) of legume dry matter
contributiOn to the total DM harvested each sprmg (March) vaned from 24% for
the control to 54% m the superphosphate-treated pastures ThiS difference of 20%
between the two treatments had a great impact on sod-fixed N, herbage yield and
quahty, seed yield and quahty, and Yield of the subsequent barley crop

Total biological Yield
Dry matter Yield, when averaged over both treatments (control vs 20 kg P/ha
fertihzed), gave what is known as the "enVironment mdex" The enVlfonment
mdex, which represents the overall average productiOn by Site, vaned from 15 to
14,000 kg DM/ha (Fig. 2). Each enVironment mdex is a synthesis of the
management packages, the growth conditiOns of native medic, and the dommance
of medic species. When the mdex is low, it means unfavorable productiOn and
management conditiOns prevad for native medics, while a high index imphes
favorable productiOn and management conditiOns for native medics
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Figure 2 Native medic dry matter (OM) yield response to P fertilizer

ThIs hIgh vanabIhty IS the result of dIfferences m soll type and fertihty Solls on
whIch tnals were estabhshed wIth less than 5 ppm P were classIfied as follows
21 3% CalcIxerols, 64% VertIsols; 4% Xerochrepts, 57% sandy SOlIs (P
Samments), and 43% other DIfferences m ramfall (150-550 mm/year) and
pasture management were also major factors GIven the hIgh vanabIhty obtamed
m these kInds of tnals, the use of modIfied stablhty analysIs allows us to
dIstmgUlsh between response and recommendatIOn domams

The response of DM yIeld to mcreased envIronmental mdex was hnear at thIS
stage and did not reach a productIOn plateau MaXImum yIelds obtamed m hIgh
conditIOns for control and P-fertIhzed pastures were 1 4 and 175 Mg DM/ha,
respectively These results show the ImpressIve effect on the Improvement of feed
productIOn and quahty by applymg only 20% kg Plha

Native medic seed yield
The same analysIs made for DM productIOn apphed to seed production of native
medIcs (FIg 3) The enVIronment mdex vaned from 0 01 to 2 75 tlha The seed
mcrease response to the enVIronment mdex was lmear, showmg the Improvement
that mIght be reahzed under more favorable condItions by applymg more P
fertlhzer Under a hIgh mdex, the P-fertIhzed pastures produced 40 tonnes of pods,
whereas farmer practices produced only 1 4 tlha These results demonstrate the
possIble 1lllpact that could result from transfernng all research results m the area
of seed productIOn to the fann level m order to mcrease and promote new vaneties
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and to protect and mamtam m SItu the present native genetic bIodiversIty of
palatable speCIes
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Figure 3 Native medic seed yield response to P fertilizer

Conclusions

These tnals show that P fertilizatIon still remams under-explOIted, partIcularly
when these hIgh Improvements of harvested DM, seed yIeld, and seed size are
obtained m one of the nchest countnes for P mmmg m the world In fact, these
results demonstrate that forage legume speCIes have dIfferent needs for P,
partIcularly when considenng dIfferent SOlI types Soil P test calIbration and
fertilizer P management need to be more carefully studIed m crop rotatIons that
mvolve these dIfferent forage legume speCIes Also, soil P test calIbratIon needs to
be establIshed for these crops, as IS done wIth cereals Research on ways to
increase seed productIOn of natIve and mtroduced speCIes needs to be developed to
resolve seed aVaIlabIlIty and cost issues for farmers, especIally for those who raIse
sheep and do not practIce farmmg and are far way from extensIOn Sites
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Fitting High Seed Yielding Forage Varieties to
the Climatic Patterns of the Cereal Growing

Highlands of Algeria
A. Lakhdar

Insfltut Techmque des Grandes Cultures, Dahmoum, Tiaret, Algena

Abstract

The most common forage crops grown m the cereal hIghlands of AlgerIa are vetch
and oat However, a drastIc decrease m wmter ramfall over the last two decades
and the occurrence of frost have hmdered the productIon of seed of eXIstmg
varietIes of forage legumes Because of these clImatIc changes, the early-maturmg
cultivars of vetch, Languedoc, and forage pea, Sefrou, released m the 1950s, are
no longer sUItable for local conditions Therefore, a selectIon program was
undertaken to develop tolerant VarIetIes usmg mtroduced genotypes of View spp ,
Plsum arvense, and Plsum satlvum WIde VariabIlity characterIzed the overseas
plant materIal Late-maturmg genotypes were found to be more adapted to the
condItIons of the cereal hIghlands Dry matter yIeld exceeded 7 t/ha for forage pea
and 5 t/ha for vetch Seed yIeld was also more than I t/ha Furthennore, the dry
matter productIon of these varIetIes grown m a mIxture was even hIgher (12 t/ha)
The results support the hypothesIs that there IS a need to select late-maturmg
genotypes that make the best use of sprmg rams at a tIme when photoperIod and
temperature are more favorable

Introduction

The most common forage grown m the cereal hIghlands of AlgerIa IS a mIxture of
vetch and oat, whIch IS cut for hay However, a drastIc decrease IS wmter ramfall
during the last two decades and frosty condItIons have compelled fanners to grow
pure stands of oat or barley as anImal feed The old varIetIes of vetch and forage
pea released m the 1950s remam the most cultIvated VarIetIes m the Sersou
plateau However, they are no longer adapted to the seasonal changes
characterIzed by reduced and erratIc ramfall

The ObjectIve of the present paper IS to mvestigate the possIbIlItIes of developmg
varietIes of vetch and forage pea that are adapted to the changed clImatIc patterns
of the Sersou plateau m mIdwestern AlgerIa
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Materials and Methods

Environmental Conditions

The Sersou area has an altItude of 800-1,400 m The growmg season extends from
October to early June, when hot wmd dnes off the vegetatIve cover Average
annual ramfallis currently about 367 mm, whIch IS 197 mm less than the amount
receIved durmg the 1960s ThIs defiCIt appears mamly dunng the months of
December, January, and February (164 mm) A defiCIt of 32 mm ramfall also
appears m March, whIch comcides WIth flowermg of early-matunng forage
legume varIetIes ThIS IS aggravated by late wmter frosts (-4 to -7°C) Drought IS
less frequent m spnng, and there IS a tendency towards late rams, whIch enhance
dry matter productIOn and seed yIeld of late-matunng vaneties

FIeld expenments were conducted at Sebam (900 m altItude, mmimum
temperature -7°C), and advanced trIals were undertaken at Haydar (1,000 m
altItude, mimmum temperature -8°C) The SOIls are a deep alkalIne brown at
Sebam and shallow sandy calcareous at Haydar

Plant Material

SelectIOn from mtroduced plant material was mItiated dunng the 1985/86 growmg
season and carrIed out for five years

• Nursery observatIOns were conducted at Sebam, mcludmg a collectIon of 64
genotypes of vetch and forage pea from southern France, SyrIa, Argentma, and
New Zealand Equal numbers of genotypes of Vzcw satzva, Vzcw vzllosa subsp
dasycarpa, Vzcza pannomca, Vzcw narbonenszs, pzsum arvense, and pzsum
satzvum were also evaluated for plant VIgor, tolerance to frost and water stress,
reSIstance to dIsease, and seed pod shattermg

• Selected genotypes were evaluated m replIcated plots (1 5 x 5 m) at Sebam
The aIm was to compare very early flowenng (90-105 days from emergence),
early flowenng (106-115 days), late flowenng (120-136 days) and very late
flowering (>136 days) genotypes

• Advanced trials were carrIed out at Sebam and Haydar to confirm the potentIal
of the selected genotypes m terms of dry matter productIOn and seed yIeld from
mIxed legume-oat sowmgs The oat varIetIes used were the newly selected late
matunng cuitivar WI 78 from southern AustralIa and the local check NOIre 912

For prelImmary and advanced trIals, a randomIzed block deSIgn WIth four
replIcates was used SoIl was shallow-cultIvated twIce (10-15 cm) and harrowed
The seedmg rate was 100 kglha The phosphate applIcatIOn was 45 kglha

169



Results and Discussion

Nursery observatIOns showed a very large vanabihty among the mtroduced
matenal Flowering of forage pea genotypes occurred earher than most vetches
The early-maturing vetches VIew pannomea and VICW narbonensls flowered 93
96 days after emergence VICW vlllosa subsp dasyearpa was charactenzed by slow
wmter growth, rapid sprmg growth, and late pod maturity Consequently, its seed
productiOn yield was affected by late drought VICW satIva showed a wide range m
flowermg dates (93-143 days) Plsum arvense flowered 15 days earher than Plsum
satlvum Forage peas were less affected by water stress, smce late rams enhanced
regrowth, and biOmass productIOn was two-fold higher than the vetches This
confirms farmer expenence that early ram favors vetch, while late ram enhances
forage pea productiOn. For both species, dry matter yield of late-matunng
genotypes was two to three times higher than that of early matunng specIes The
best-yieldmg forage pea genotype was Gah (French stram), with 7 tonnes DM/ha,
while the highest yieldmg vetch vanety, 46-80, gave only 2 7 tonnes DM/ha

The ramfall for the 1989/90 growmg season was only 189 mm, and 45% of it
occurred m sprmg at the southern Site of the Sersou at Haydar At Sebam, both
speCies suffered from drought and dry matter yield did not exceed 3 3 t/ha Late
rams at Haydar allowed a 67% mcrease m dry matter productIOn of forage pea
genotypes ThiS mcrease did not exceed 50% for vetch, when compared to yields
obtamed at Sebam

The 1990/91 growmg season was very ramy (435 mm) and allowed maximum
biOmass production from both speCies Yield reached 8 tonnes DM/ha for forage
pea and 5 tonnes DM/ha for vetch However, the excess vegetative matenal was
prejudicial to seed productiOn, except for the late-matunng forage peas, Gah and
Assas, which produced I 4 tonnes seed/ha, and the vetch genotype 46-80, at 1 1
tonnes seed/ha The local check Languedoc produced 0 38 tonnes seed/ha

The selected genotypes, Gah (Plsum satlvum) and 46-80 (VICW satzva), combme
both high dry matter and seed productiOn capabIhty Their potential was confirmed
m a legume-oat mixture, usmg a late-matunng oat vanety The forage mixture
yield (>12 tonnes DMlha) was two tImes hIgher than the pure legume stand The
yield of the forage mixture was sigmficantly higher than that of the local check
(Languedoc), Noue 912, and Sefrou (Tables 1 and 2)

From this study, it can be concluded that there is a need to select late-maturmg
varieties which make best use of late rams at a time when photoperiod and
temperature are more favorable for growth and seed productiOn
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Table 1. Time and variation in dry matter production (tlha) of promising genotypes of
vetch and pea at Sebam and Haydar.

Species and Days to 1987/88 1988/89 1989/90 1989/90 1990/91
genotype flowermg Sebain Sebam Sebam Haydar Sebam
Pisum arvense

51-83 L 93 219 340 258 680 820
52-83 L 95 243 330 179 710 760
50-83 L 96 249
Sefrou 105 229 310 209 520 650

Plsum satlvum
Gall 120 242 710 330 730 720
Assas 125 290 513 143 800 720

Mean 105 243 460 223 688 734
LSD 815 023 016 062 055
Vlcla sativa

Sylphls 96 322 218 312 440 520
Hlfa 104 346 249 430 586
Presta 114 447 217 180 420 373
Languedoc 112 393 1 91 279 500 433
16-80 L 135 405 271 203 490 588
19-80 L 136 427 236 187 470 353
Valor 147 424

Mean 120 395 226 235 458 475
LSD 035 026 045 033 025

Table 2 Seed yield and contribution to forage mixture productivity of selected
genotypes of vetch and pea (1990/91)

Specles/genotype Seed yield Legume-oat mixture OM yield (t Iha)

(tlha) WI 78 Noire 912

Pisum arvence
51-83L
52-83L
50-83L
Sefrou

P,sum satlvum
Gall
Assas

V,c,a satIVa
Sylphls
Hlfa
Presta
Languedoc
46-80L
19-80L
Valor

1 14
134
085
046

141
136

033
127
059
038
1 10
095
053

11 00

1225

78
124

960

866

102
122

Reference

Abd EI Monenn, AM 1988 SelectIOn of wIdely adapted legume crops to replace fallow m
dry areas Pages 143-166 In Legume Annual Report ICARDA, Aleppo, Syna
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Small-scale Seed Harvesting Methods of
Stylosanthes guianensis, Stylosanthes scabra,

and Desmodium intortum

M. van de Wouw and J. Hanson
ILRI, Addis Ababa, Ethiopia

Abstract

Efficient and economical methods of seed harvesting are reqmred for use by small
scale forage seed producers m developing countnes Three common, simple
methods (hand plCkmg as seed npens, beatmg npe seed from standmg plants, and
cuttmg the entire plot when seed is at maximum npeness) were studied usmg three
common small-seeded forages (Stylosanthes gUlanenslS, S scabra, and
Desmodlum mtortum) Yield of mature seed, labor, and time were compared For
both Stylosanthes spp, maXimum seed yIeld from mimmum labor mput were
obtained by cuttmg the plot at maXimum npeness and threshmg out the mature
seed The highest seed yield from D mtortum was achieved by usmg a
combmatlOn of pickmg and cuttmg However, thIS reqmred more labor than
cuttmg the entire plot at peak matunty

Introduction

Production of tropIcal forage seed requires development of methods that optimIze
seed yIeld per umt of land and umt of labor, and can be easily applIed by
smallholder farmers Small-scale seed harvestmg methods for use by farmers or
small producers should be practical and cost effectIve, and also recover as much
seed as possIble Many tropIcal forage species are perenmal and have a long
flowermg penod, WIth seed produced and npenmg over several months
(Humphreys and RIveros 1986). ThiS charactenstic has led to (1) hand plCkmg of
npe seed throughout the season, and (ll) harvestmg the entire plot when the
majority of seeds are mature, as the most common seed harvestmg methods used
for legumes Although hand harvestmg IS an easy and effiCient method for forage
speCies WIth larger seed pods such as Centrosema, Macrotyloma, and Sesbama, it
is time consummg and often dIfficult for small-seeded speCies such as Stylosanthes
and Desmodlum Threshmg of these speCies is also difficult because smgle seeds
are firmly encased m small pods that are difficult to remove Threshmg machmes
are usually reqmred for effiCient de-poddmg of these seeds

Studies on forage legumes have found that hand pIckmg of Neonotoma wlghtll,
Centrosema pubescens, and Macroptlhum atropurpureum results m seed of
excellent quahty and high yield (Humphreys and Riveros 1986) Mechanical
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harvestmg WIth a header machme has also been used to harvest large-scale
plantmgs of forage legumes, and gIves good results for Stylosanthes spp Hand
cuttmg and rollIng the entire plot when a large number of seeds were mature,
followed by sweepmg fallen seed, resulted m good seed recovery m Stylosanthes
humllzs (WIckam et al 1977)

These earher studIes mdicate that both hand plCkmg and harvestmg by cuttmg,
drymg, and threshmg can be used to harvest good-qualIty forage legume seed In
thIS study, dIfferent harvestmg methods for legumes grown on small plots were
compared for seed yIeld and efficIency of harvestmg from plants of two erect,
determmate legume speCIes, Stylosanthes gUlanenszs and S scabra, and one wIth a
sprawlmg determmate growth pattern, Desmodzum zntortum

Materials and Methods

The expenments were carried out at Wollayta Soddo m southern EthIOpIa, on a
sIte at an altItude of 1950 m The sIte IS sub-humId, wIth an average annual ramfall
of 800 mm Salls are red mtosols wIth a pH of 4 4 (m H20) The area has a dry
season from mId-December untIl the end of March, whIch IS the usual seed
npemng tIme for S gUlanenszs, S scabra, and D mtortum

The matenals used for the trIal were S scabra cv Seca (ILRI acceSSIOn 441), S
guzanenszs cv Cook (ILRI acceSSIOn 4), and D zntortum cv Greenleaf (ILRI
acceSSIOn 104) Seed was sown m rows 50 cm apart m 4 m' plots m five
rephcattons for S scabra and D zntortum and SIX rephcatIOns for S gUlanenszs, m
a randomIzed block desIgn Pathways were kept mown and plots were weeded
regularly Seed was harvested m the second and thIrd year, because most perennIal
forage legumes do not produce seed m the estabhshment year m thIS envIronment

Seed of Stylosanthes was harvested by (1) hand pickmg npe seed at mtervals
dunng the seedmg penod, (n) cuttmg the plants at peak seed matunty wIth a
sickle, and (m) beatmg the standmg plants at mtervals durmg the seedmg penod
and collectmg the npe seed on a plastIc sheet spread below the plants The first
two methods were also used to harvest Desmodzum seed, and then compared wIth a
combmed method of hand harvestmg dunng the seed penod and harvestmg the
whole plant by cuttmg at the end of the seedmg penod

The tIme needed for harvestmg, threshmg, and cleamng the seed was recorded
The bulky matenal was threshed wIth a Saatmeister drum thresher, and the seed
was further threshed and de-podded wIth a Seedburo belt thresher Fmal cleaning
was done by hand and a Seedburo laboratory seed blower Total seed weight
harvested from each plot was determmed Thousand seed weIght was determmed
after the first harvestmg season by weIghmg SIX samples of 100 seeds each from
each plot
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Data were analyzed usmg the ANOVA procedures m the SAS program (SAS
1987)

Results

The hIghest seed yIeld ofS scabra and S guzanensls for both harvestmg years was
obtamed by cuttmg the plot (Table 1) Cuttmg was also the most effiCIent method
m terms of labor The most labor-mtensive method, pIckmg the seed, gave the
lowest seed yIeld for S scabra, although the dIfference between pIckmg and
beatmg was not SIgnificant The lowest seed yIeld for S guzanensls was obtained
by beating the plants, It gave less than half the seed yIeld obtamed by cuttmg The
labor input for hand pIckmg was very hIgh Plots ofS scabra were hand pIcked an
average of 10 times dunng the first season and eIght times dunng the second Plots
were harvested by beatmg eIght times durmg the first season and five tImes durmg
the second The hIgh labor mput was partly compensated by a lower labor mput
for threshmg and cleanmg of the seed Seed of S guzanensls does not shatter as
easIly as S scabra, and the plots were harvested less frequently WIth less labor
mput Seed yIeld ofS scabra was hIgher than that ofS gulanenS1S

Desmodlum mtortum dId not show SIgnIficant (P >0.05) dIfferences m weIght of
seed harvested for the three harvestmg methods m the first year (Table 2) In the
second year, there was a SIgnIficant dIfference between seed harvested by cuttmg
alone and seed harvested by the combmed method of hand pIckmg and cuttmg
Although the combmed hand pIckmg and cuttmg method gave the hIghest seed
yIeld it, also reqUIred the most labor

For all three species, a hIgher labor mput at the tIme of harvesting was partly
compensated by a lower labor reqUIrement for threshmg and cleanmg of the seed
Seed processmg reqUIred the most labor for those treatments that mvolved cuttmg
the whole plot

There were no sIgmficant dIfference of 1,000 seed weIght for the three harvestmg
methods ThIS mdicates that harvestmg method had no mfluence on seed quality
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Table 1 Comparason of labor requirement and seed yield of different harvesting
methods on StyJosanthes seed.

Harvesting method

Year Picking Beating Cutting

StyJosanthes scabra ILRI441

Labor (man h/m2) Harvesting 1 292 103 006
2 130 028 007

Mean 211 066 007

Threshing 1 o18a o17a o30a
2 o12b 020ab o27a

Mean o15a o18a o28a

Cleaning 1 o09a 009a 022
2 o07a 009a 011

Mean o08a o09a 017

Total 1 319 129 058
2 150 057 045

Mean 235 093 052

Seed yield (g/m2) 1 605a 680a 1185
2 538a 691a 739

Mean 572a 686a 962

StyJosanthes guianensis ILRI 4

Labor (man h/m2) Harvesting 1 210 075 008
2 54 017 006

Mean 132 046 007

Threshing 1 003a o03a 028
2 009 o05a o05a

Mean 006 004 017

Cleaning 1 o11a 008a 021
2 o08a 007a 010

Mean o09a o08a 015

Total 1 224 086 056
2 071 029 021

Mean 147 058 039

Seed yield (g/m2) 1 221 11 0 273
2 205 124 292

Mean 21 3 11 7 286

Means In rows followed by the same letter do not differ (P >0 05, Tukey)
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Table 2. Comparison of labor requirements and seed yield for different harvesting
methods on Desmodium intortum ILR1104.

Harvestmg method

Year Picking Cuttmg Mix
Labor (man h/mZ) Harvesting 1 072 005 053

2 026a 006 020a
Mean 049 005 036

Threshing 1 006 025a 026a
2 o10a o12a 020

Mean 008 019 023

Cleaning 1 005 o11a o11a
2 003 o17a o25a

Mean 004 o14a o18a

Total 1 o82a 041 o89a
2 039a o35a 064

Mean 060 038 077

Seed yield (g/m2 ) 1 411a 434a 530a
2 255ab 225b 390a

Mean 333a 330a 460
Means In rows followed by the same letter do not differ (P >0 05, Tukey)

Discussion

PrevlOus studtes have mdtcated that hand ptckmg mtght result m htgher-quality
seed of forage legumes (Humphreys and Rtveros 1986) None of the harvestmg
methods tested had any stgmficant effect on seed quality as determmed by
percentage of full seed, whtch was measured by 1,000 seed weight

For both Stylosanthes spectes, the htghest seed ytelds were obtamed by cuttmg the
plot, and much lower seed ytelds resulted from hand PtckIng npe seed at mtervals
throughout the growmg season TIme of cuttmg was not very cntical to obtammg
maxtmum yteld of Stylosanthes scabra, makmg tt a good method for farmers Thts
longer cuttmg penod was also observed by Thomson and Mederros (1981) For
Desmodzum, the highest seed yteld was obtamed by a combmation of cuttmg and
ptckmg

For S guianenszs, each harvestmg method gave a stgmficantly (P >0 05) dIfferent
seed yIeld The method of beating npe seed and collectmg tt from the ground was
not very sUItable for S. guzanenszs seed because tt does not shatter as easIly as seed
of S scabra, and seed recovery was poorer The hIgh ytelds obtamed from cuttmg
and threshmg are conststent wtth results reported for seed productlOn of S humzhs
m Thatland by Wtckam et al (1977)

Yteld obtamed from hand ptckmg npe seed of D mtortum dtd not dtffer
sigmficantly from the methods that mvolved harvestmg the entire plot ThiS may
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be explamed by a combmatlOn of factors D mtorturn has a sprawlmg growth
habIt and forms a thIck sward Seed matures progressIvely from the bottom
(Skerman et al 1988), and thus the npe seed IS hIdden wIthm the sward and
dIfficult to see, makmg It dIfficult to pIck Flowers and vegetatIve growth may be
damaged dunng hand PICkIng MedeIros and Thomson (1981) found that seed of
D intorturn shatters once peak matunty has been reached, makmg It very
Important to choose the correct tIme of cuttmg Both harvestmg methods therefore
have theIr dIsadvantages By usmg a combmatlOn of PICkIng and cuttmg, the
tIming of the cuttmg of the plot was less cntical and at the end of the season the
hIdden seed was harvested and not left m the field

The labor requIrement vaned for the dIfferent technIques and speCIes Although
harvestmg by cuttmg reqUIres less labor than hand PICkIng, threshmg and c1eanmg
after harvestmg the whole plot takes more tIme than hand PICkIng In thIS study,
usmg small plot management, hand PICkIng took longer and produced the lowest
seed yIeld In areas where there IS competItIon for labor and land for forage seed
productlOn, It would be most effiCIent to cut the entIre seed crop only once at
optImum matunty for all three speCIes

Acknowledgments

The authors would lIke to thank the SWISS Development CooperatlOn for fmancIal
support to carry out thIS research, and Jemal Mohammed and DemISSIe Goa for
proVIdmg technIcal aSSIstance

References

Humphreys, L R and F RIveros 1986 TropIcal pasture seed production FAD Plant
ProductIon and ProtectIOn Paper 8 FAD, Rome, Italy

De MedeIros, R Band D P Thomson 1981 Momtonng of seed productIOn In DesmodlUm
mtortum cv Greenleaf Tropical Grasslands 15(1) 21-27

SAS 1987 SAS/STAT Users GUide, Release 603 EditIOn SAS InstItute Inc Cary, NC,
USA

Skerman, P J , D G Cameron and F Rlveros 1988 Tropical forage legumes FAD, Rome,
Italy

Thomson, D P and R B de Medeiros 1981 Momtonng ofseed production In Stylosanthes
scabra cv Seca Tropical Grasslands 12(2) 112-114

Wlckam, B, H M Shelton, M D Hare and A J de Boer 1977 Townsville Stylo seed
productIOn In northeast Thailand Tropical Grasslands 11 177

177



Discrimination Among Populations Forming
Ecotypes and Cultivars of Lucerne

(Medicago sativa L.) using
Random Amplified Polymorphic DNA

M. Dehghan-Shoar
Office for InternatIOnal and Regional OrganizatIon, Tehran, Iran

Abstract

RAPD (Randomly Amplified PolymorphIc DNA) was used m thIs study to
diSCrImmate among 10 cultIvars of lucerne (Medlcago sativa L) Twenty SIX
primers (10-base oligonucleotIde) were tested mdIVIdually to amplIfy RAPD from
bulk DNA samples of the cultIvars Ten prImers generated polymorphIC fragments,
four of whIch generated RAPD profiles, by which all 10 cuitivars, mcludmg those
WIth a closely-related genetIc background, could be discrImmated ReplIcated PCR
reactIOns were carrIed out using two prImers alone, and m combmatIon WIth the
standard reactIOn mIxture usmg dIfferent batches of enzyme from the same
manufacturer The findmgs of thIS study demonstrate that the results obtamed by
RAPD can be reproduced The results also Illustrate that the number of dIstmct
RAPD fragments generated by a combmatlOn of two prImers was less than those
produced by each mdividual prImer

Introduction

FIeld-based morphologIcal data collected m plot tests have long been used to
fulfill the reqUIrements for regIstratIOn of new cultlVars, and are a reqUIrement for
OECD seed certIficatIOn However, the problems wIth plot testmg are well
recognIzed (Cooke 1995b), and the need for alternatIve methods of cultivar
discrImmation IS reflected m the number of techmques developed recently The
most promIsmg cultivar verIficatIOn technology IS the use of fingerprIntmg
techmques, based on eIther protem electrophoreSIS or DNA restrIctIOn fragment
hybrIdIzatIOn ExtensIve reports m the hterature (Brummer et aI, 1991, Gardmer
and Forde 1992, Stemer 1993, KIdwell et al 1994, Cooke 1995a, 1995b) suggest
that electrophoretIc techmques could provIde alternatIves for plot testmg Among
cross-pollInatmg (allogamous) speCIes, ryegrass (Lolzum) IS the only one for whIch
the electrophoresIs of seed storage protem has been accepted by the InternatIOnal
Seed Testmg AssocIatIOn for cultivar verIficatIOn (ISTA 1992, Cooke 1995a) The
possIble use of Isozyme electrophoreSIS for regIstratIOn of new cultIvars of thIS
species has also been consIdered
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Wlu1e most of the electrophoretIc work has been on mbreedmg speCIes, results by
GIllIland (1989) and Gardmer and Forde (1987, 1988) suggest that thIS technIque
mIght be useful for outcrossmg speCIes However, lIttle has been reported on the
applIcatIOn of electrophoretIc technIques for dIscnmmatIOn among lucerne
(Medzcago satzva L ) cultlvars

Gardmer and Forde (1992) exammed the SDS-PAGE technique for IdentIficatIOn
of lucerne cultIvars As the protem bandmg profiles from the bulk seed samples
were IdentIcal for most of the cultIvars tested, they concluded that lucerne cultivar
dIfferentiatIOn by SDS-PAGE was not feasIble

Although restnctIOn fragment length polymorphIsm (RFLP) has been used by
some researchers for genetic analysIs of lucerne speCIes (Brummer et al 1991), no
report IS avaIlable m the lIterature on the applIcatIOn of thIs technIque for
dIfferentiatIOn of lucerne cultIvars

RAPD (WIllIams et al 1990) has been shown to be a powerful tool, not only for
IdentIficatIOn of cu1tIvars of mbreedmg speCIes, such as barley and wheat
(FranCIsco-Ortega et al 1993), but for dIscnmmatIOn of cultIvars of outcrossmg
speCIes, e g Brasszca napus L. (Maller et al. 1994) However, there IS no report m
the lIterature on the appbcatIOn of the RAPD techmque for mscnmmatIOn of
lucerne cultIvars

In thIS study, the pOSSIbIlIty of mscnmmatIOn, on the baSIS ofRAPD profiles from
the bulk DNA sample, among lucerne cultlvars WIth a WIde range of adaptatlOn
ongms and dIverse genetic background, was mvestIgated

Materials and Methods

Plant Material and Sample Preparation

CertIfied seed lots from SIX IranIan, two New Zealand, and two USA cultIvars
were tested (Table 1) The IranIan cu1tIvars were proVIded by the Seed and Plant
Improvement Institute, Mmistry of Agnculture, KaraJ, Iran, and the others by the
Margot Forde Germplasm Center, Agncu1tura1 Research Grasslands, Palmerston
North, New Zealand

One hundred randomly drawn seeds of each cu1tIvar were sown m peat pellet No
7 JIffy pots, whIch were then placed m a growth chamber (20±20 C and 60±5%
RH) and watered every second day At 45 days after emergence, all leaves were
harvested from 40 randomly selected mdivIdua1 seedlmgs per cultIvar, and frozen
at -70°C pnor to DNA extractIOn
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DNA Isolation

Following the protocol of Sambrook as adapted by Gardmer, three to five leaves
from a smgle seedlIng were ground to a pulp m a sealed plastIc bag contammg 2
mL of extractIon buffer (140 mM sorbItol, 220 mM Tns-HCl pH 7 5,20 mM Na2
EDTA, 08 NaCl, 08% w/v cetyl trimethylammomum bromIde, 1% w/v N
lauroylsarconme, and 1% w/v polyvmylpyrrolIdone) A 1 6 mL sample of the
resultmg pulp was extracted WIth 0 4 mL of chloroform octanol (24 1 v/v) at 65°C
for 30 mmutes and then centnfuged at 15,000 rpm for 10 mm DNA was
preCIpItated from the aqueous layer by the addItIOn of 1 mL of Ice cold
Isopropanol The DNA pellet was recovered by centnfugatIOn at 12,000 rpm for 5
mm, and then washed twIce WIth 70% ethanol, dned under vacuum, and
resuspended m up to 0 1 mL of stenle dIstIlled water

Because It IS a cross-pollInatmg speCIes, a lucerne cultIvar IS a populatIon
compnsmg dIfferent genotypes For DNA fingerpnntmg of such a cultivar, It IS
necessary to assess the mmimum number of seedlIngs adequate to represent the
gene pool In a series of prelImmary expenments, RAPD profiles from five bulk
DNA samples of cv Esfaham constructed from DNA samples of 5, 10, 20, 30, and
40 indiVIdual seedlIngs were compared The DNA amplIficatIon (see below) m
thIS study was dIrected by two mdlVldual pnmers OPB 13 and OPB 19 The results
suggested that the bulk DNA sample from 40 seedlmgs was adequate for DNA
fingerprmtmg of thIS cultivar ThIS sample SIze was then used for fingerprmtmg all
the cultIvars

RAPD Amplification

The PCR reaction mIxture (125 ilL) contamed 10 mM Tns-HCI pH 88, 50 mM
KCI, 2 5 mM MgCh, 001% gelatm, 08% formamIde, 0 1 mM of each dNTP, 02
11M of each pnmer, 5 ng of lucerne DNA, and I 2 umts of Taq polymerase
(Stratagene) overlaId WIth 15 ilL of paraffin AmplIficatIOn was m a Perkm Elmer
Cetus DNA Thermal Cycler programmed for 40 cycles WIth the followmg
temperature profile 1 mm at 94°C (5 mm for the first cycle), 1 mm at 40°C, and 2
mm at noc Cyclmg ended WIth a final extenSIon at noc for 10 mm

AmplIfication products were electrophoresed for 20 cm on a gel consIstmg of a
mIxture of 1% BRL Ultra-Pure agarose (LIfe TechnologIes, Galthersburge, MD,
USA) and 1% NuSIeve GTG agarose (FMC, Rockland ME, USA) m TAE buffer
at 80 volts (4 volt/cm) for approxImately 5 h One hundred bp ladders [1 ilL of 100
bp ladder (conc 1 IlglIlL), LIfe TechnologIes], 3 ilL of 10xSB, and 23 ilL water
(suffiCIent for two ladders) were loaded m the first and last lanes of the gel Gels
were stained with 0 35 IlglmL ethidum bromIde, VIsualIzed under UV lIght, and
then photographed m color (Kodak Ektachrome 64T) SIze of the RAPD products
was estimated usmg the standard ladders IndIVIdual RAPD bands (whIch ranged
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from 0 5 to 2 5 kbp) were scored as present or absent from color photographs of
each cultlvar These data were then used for pair-Wise compansons between
cultlvars FaInt bands, where there was doubt about reproduclblhty, were Ignored,
and bands which were very faInt compared with others In the same posltlon were
scored as absent

Oligonucleotide Primers

Twenty-sIx 10-base arbitrary pruners (Operon Technologies, Inc, 1000 Atlantlc
Ave, Alameda CA 9401) were screened, USIng bulk DNA samples of the cultlvars
and consistent amphficatIOn condltlons to select the pnmers which gave nse to the
clearest polymorphism between the cultlvars

Table 1 Name, origin, and autumn dormancy of study cultivars.

Cultlvar Origin Autumn Cultlvar Origin
dormancy

Autumn
dormancy

Azan
Baml
Hamedam
Esfaham
Moapa

Iran
Iran
Iran
Iran
USA

Dormant
Non-dormant

Dormant
SemI-dormant
Non-dormant

Nlkshahn
G Oranga
Saranac
Walrau
YazdI

Results

Iran
New Zealand

USA
New Zealand

Iran

Non-dormant
SemI-dormant

dormant
Semi-dormant
Non-Dormant

Minimum Sample Size for DNA Fingerprinting

RAPD analySIS of the Individual seedhngs of cultlvars, USIng some of the
ohgonucleotldes pnmers, produced distInct but highly-polymorphic fragments, an
IndicatIOn of great genetic diversity withIn each of the cultlvars (Plate I) RAPD
analysIs of bulk DNA samples of cv Esfaham, constructed from DNA extracted
from 5, 10, 20, 30, and 40 seedlIngs, showed that the SimIlarity of the RAPD
profiles among samples was Increased by an Increase In the number of seedhngs
contrlbutmg to the bulk sample However, the difference between the RAPD
profiles was small for 30 and 40 seedhngs per bulk

Primer Selection

Of the twenty-sIx 10-base ohgonucleotldes tested mdlVldually to amphfy bulk
DNA samples from the 10 lucerne cultlvars, 10 pnmers generated polymorphic
fragments Four of these (OP08, OPB13, OPBI9, and OPCIO), gave dlstmct,
readIly evaluated, RAPD fragments The sequence of these pnmers IS Illustrated In
Table 2
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Table 2 Sequence of four oligonucleotide prlmerst

No. Sequence (5' to 3')

OPA08 G T G A C G TAG G
OPB13 T T C C C C C G C T
OPB19 A C C C C C G A A G
OPC10 T G T C T G G G T G

t Information supplied by Operon Technologies

Discrimination among Cultivars

Among the arbItrary pnmers screened to generate RAPD profiles from bulk DNA
samples of the 10 cultlvars, pnmer OPB 19 produced the hIghest number of
dIstmct polymorphIc DNA fragments (Plate 1) PaIr-wIse comparIsons between
the RAPD fragments of the cultivars demonstrated that all 10 cultlvars could be
dIscnmmated usmg pnmer OPB19 alone (results not shown)

3 Okb -

2 Okb

1 5kb -

o 5kb -

3 5 6 B 9 10 11

-4

-5
-6

7
-8
-9

- 10

-11
-12
-13

-14

Plate 1 RAPD profiles generated by the 10-base oligonucleotide OPB19 from bulked
DNA samples from cultlvars The profiles (left to right) belong to cultlvars Yazdi,
Walrau, Saranac, G Oranga, Nlkshahn, Moapa, Esfaham, Hamedam, Baml, and Azari

The second best pnmer (OPB13) produced polymorphIc DNA profiles by WhICh
the maJonty of the cultlvars (all except Azan and Moapa) could be dIstmgUlshed
(plates not shown) Pnmers OPA08 and OPCIO generated fewer RAPD fragments
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than OPB 19 and OPB 13 (plate 2) Pnmer OPA08 generated RAPD fragments by
wluch all but SIX culttvar pam could be wscnmmated Pnmer OPC 10 failed to
generate polymorphIc fragments for II culttvar pam Although all of the culttvars
could not be dlscnmmated usmg pnmers OPA08, OPB13, and OPClO
mdlvldually, a combmatlOn of the results from these three pnmers provIded
suffic1ent mfonnatlOn for dlscnmmatlOn among all 10 cult1vars

30kb -

20kb -

1 5kb-

05kb-

2 3 4 5 6 7 8 9 10 11 12

-1
-2
-3

-4
-5
-6
-7
-6

-9
- 10

_11

Plate 2 RAPD profiles from the bulked DNA samples from cultlvars amplified usmg
the 10-base oligonucleotide OPC10 The profiles (left to nght) belong to cultrvars
Yazdi, Walrau, Saranac, G Oranga, Nlkshahn, Moapa, Esfahanl, Hamedanl, Baml, and
Azan

Pair-WISe companson between polymorpillsms from the culttvars demonstrated
that culttvars w1th genettcally dIvergent background (Moapa and Saranac, the two
USA cultlvars, and G Oranga and Wa1rau, the two New Zealand culttvars) could
be dlscnmmated from each other usmg the RAPD fragments generated by any of
the four pnmers, whtle the closely related cult1vars (1 e Hamedam and Esfahan1)
could be d1fferenttated usmg any of the three pnmers OPB19, OPB13, or OPA08

As some of the md1v1dual pnmers generated d1stmct polymorph1sms between
cult1vars, 1t was suggested that a combmatlOn of two pnmers m1ght generate more
polymorphlsms than one pnmer m a smgle reactlOn ThIS hypotheSIS was tested by
usmg pnmers OPB 19 and OPC 10 alone and m combmatlOn to amphfy bulk DNA
samples of the 10 cult1vars However, the number of dlstmct RAPD fragments
generated by a combmatton of these two pnmers was less than those produced by
each md1v1dual pnmer alone (plate not shown)

183



To check the reproducibility of the RAPD results for dlscnmmatlOn among the
lucerne cultlvars, rephcated PCR reactIOns were carned out usmg two pnmers
(OPB 19 and OPC I0) alone and m combmatlOn with the standard reactIOn mixture
usmg different batches of enzyme from the same manufacturer. The results (plates
not shown) demonstrate that a high degree of reproducibility of results obtamed
usmg the RAPD techmque IS possible

Discussion

Discrimination of lucerne cultlvars usmg RAPD analysIs of mdlvldual seedlmgs IS
tIme consummg and probably not cost effective One way to overcome this
problem is to bulk genomic DNA samples prior to the RAPD analysIs While there
are some reports m the hterature about the apphcatlon of RAPD for discriminatIOn
of cultlvars of out-breedmg species, e g Brasslca napus L (Maller et al 1994),
there IS no pubhshed work on the apphcatlon of thIS technique for DNA
fingerprmtmg of lucerne cultlvars

The ten lucerne cultlvars had a wide range of adaptatIOn and genetic background
Among the 26 pnmers screened, four produced dlstmct RAPD fragments Pnmer
OPB 19 generated the greatest number of RAPD fragments, and allowed all 10
cultlVars to be dlscnmmated ThiS suggests that RAPD IS powerful enough not
only to dlscnmmate among cultlvars with divergent genetic backgrounds (e g
Moapa and Saranac), but also to Illustrate genetic polymorphlsms between closely
related cultivars (e g Hamedani and Esfaham, the two IranIan cultlVars)

The other three pnmers were not able to dIscnminate all of the cultIvars
individually, however, they provided polymorphisms that were sufficient for
dlscrimmatlOn among all cultlvars when results were combmed. ThIS mdlcates that
if one mdivldual primer does not generate sufficient polymorphism profiles to
enable discrimination among cultivars for all cultlvars, dIfferentiatIOn can be
rapidly obtamed by usmg the results from two or more primers Although pnmer
OPC 10 was able to differentiate the Iranian cultlvars from the others, It was not
able to dIscnmmate among five of them ThiS may suggest that those five cultlvars
are genetICally related, although distinct from cv Nlkshahn, the other Iraman
cultIvar ThiS suggests that it IS possIble to estimate the genetic relatedness of the
cultIvars on the basIs of RAPD However, thiS reqUIres further work

Since the development ofRAPD (Williams et al 1990; and Welsh and McClelland
1990), the reproducibility of the RAPD fragments generated has been a major
concern of many researchers (Stemer 1993; Weeden et al 1992) A high degree of
reproduciblhty of RAPD profiles was obtamed m thiS work, usmg two pnmers
mdIvidually, and m combmatlon, m rephcated PCR reactIons The results were
consistent With those of Yu and Pauls (1993), who report reproducible RAPD
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results using genomic DNA from three lucerne cultivars with diverse backgrounds,
With two primers and 3-5 repeated reactions This suggests that when
expenmental variables (for example, tag polymerase brands, temperature profiles
during DNA amplIficatiOn, and the type of thermal cycler) are not the same, It may
not always be possible to generate Identical RAPD profiles from a given genotype
Thus, optImizatiOn of PCR conditiOns by mdlvldual laboratOrIes Will be necessary
to obtam reproducible results

The RAPD technique IS therefore a powerful tool for DNA fingerprIntmg of
lucerne cultlvars because

• There IS no need for the IsolatIOn of cloned DNA probes, such as are reqUIred
for RFLP analySIS, as IIbranes of arbitrary lO-base pnmers are now
commerCially avallable. This provides, at mmlmal cost, a vast range of
potential primer sequences that give the technique great diagnostic power

• PCR-based methods reqUIre only small amounts of DNA, and mim-preparatlOn
procedures often yield sufficient quantity and quahty

• The technique mvolves fewer steps than RFLP analySIS and IS faster to
perform

References

Brummer, E C ,G Kochert and J H Bouton 1991 RFLP vanatlOn m diplOid and teraplOid
alfalfa TheoretIcal andApplled GenetIcs 83 89-96

Cooke, R J 1995a Gel electrophoreSIS for the IdenTIficatIOn of plant vanetles Journal of
Chromatography 689 281-299

Cooke, R J 1995b Variety IdentificatIOn Modem technique and applIcatIOn Pages 279
318 In Seed QualIty BaSIC Mechanisms and Agncultural ImplIcatIOns (S A Basra,
ed)

FranCisco-Ortega, J, H J Newbury and B V Ford-Lloyd 1993 Numencal analySIS of
RAPD data highlIght the ongm of culTIvated tagasaste (Chamaecytlsus proliferus
spp palmensls) m the Canary Islands Theoretical and Appbed Genetics 87 264
270

Gardmer, S E and M B Forde 1987 SDS polyacrylamide gel electrophoreSIS of grass
seed protem A method for culTIvar IdenTIficaTIon of pasture grasses Seed SCience
and Technology 15 663-674

Gardmer, S E and M B Forde 1988a IdenTIficatIOn of cultlvars and species of pasture
legumes by sodmm dodel:.ylsulphate polyacrylamide gel electrophoreSIS of seed
protems Plant Varzetles and Seeds 1 13-26

Gardmer, S E and M B Forde 1992 IdenTIficatIOn of cultlvars of grasses and forage
legumes by SD-PAGE of seed protem Modern Methods In Plant AnalySIS 14 43
61

Gdhland, T J 1989 IdenTIficatIOn of sexually and vegetatively propagated cuItlvars of
aIIogamous species Plant Varzetles and Seeds 2 15-25

185



ISTA (International Seed Testmg ASSociatIon) 1992 ElectrophoresIs testmg In Handbook
ofvanety testmg (R J Cooke ed.) ISTA, SWitzerland

Kidwell, K K, E.T Bmgham and DR Woodfield 1994 RelationshIps among genetic
distance, forage yield and heterozygosity m Isogemc diplOid and tetraplOid alfalfa
populations Theoretical and Applled Genetics 89 323-328

Maller, R J, R Scarch and B Fnstensky 1994 Dlscnmmatlon among CUltlVars of
rapeseed (Brasslca napus L) usmg DNA polymorphIsm amphfied from arbitrary
pnmers Theoretical and Applled Genetics 87 697-704

Stemer, J J 1993 Electrophoretic techniques for evaluatmg forage germplasms
International Herbage Seed ProductIOn Group Newsletter 19 5-7

Weedeen, N F , G M Timmerman, M Hemmet, BE Kneen and M A Lodhl 1992
Inhentance and rehablhty ofRAPD markers Pages 12-17 In ApplicatIon ofRAPD
Plant to Breedmg (M Neff, ed) Amencan SocIety for HortIcultural SCience,
Mmneapolis, Mmnesota, USA

Welsh, J and M McClelland 1990 Fmgerpnntmg genomes usmg PCR WIth arbitrary
pnmers NucleiC ACids Research 18 7213-7218

WIlhams, J G K, A R Kubehk, J A RafalskI and S V Tmgey 1990 DNA polymorphIsm
amplified by arbItrary pnmers are useful genetic markers NucleiC ACids Research
18 6531-6535

Yu, K and K P Pauls 1993 IdentificatIon of a RAPD marker associated With somatIc
embryogenesIs m alfalfa Plant Molecular BIOlogy 22 269-277

186



Section IV
Working Group Reports

)t1.



Guidelines for Working Groups
Three themes were Identified m a round table dIScussIon, and the partIcIpants were
dIvIded mto workmg groups to develop gUldelmes for the development of the
forage and pasture seed mdustry m both WANA and the Sub-Saharan Afnca
countnes The workmg groups dealt WIth (1) the formal sector, pohcy and
mstItutlOns, (11) the mformal sector and local seed supply systems, and (111) seed
research, technology, and trammg Each group was proVIded WIth workIng
gUldelmes, key Issues, and questlOns to debate as a platform for dlscusslOn

Focus: Forage and Pasture Seed Production

Objectives

DISCUSS key Issues relatmg to forage and pasture seed productlOn Reach
consensus on how to address pnonty Issues and formulate recommendatlOns

Steps

• ReVIew and pnontIze the Issues and pOSSIble solutions

• Agree on appropnate solutlOns for both local condItlOns and reglOnal
apphcatlOn.

• IdentIfy OpportunIties to develop collaborative work

• Formulate recommendatIons or gUldelmes

Output

Identify pnontIes and formulate recommendatlOns to be used m development of
future forage seed productlOn actIVIties, and to form the baSIS of future project
proposals and collaboratlOn

Group 1- Formal Sector, Policy and Institutions

Key Issues

• BreedIng, vanety release

• ExtenslOn, technology transfer

• Farmer partIclpatlOn, sharmg mformatlOn

• Role of mtematlOnal centers
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• InstltutlOnal roles and partlcipatlOn

• LegislatlOn, property nghts, vanety protectlon

• Government pohcles and SubsIdIes

• CommerCIahzatlOn, pnvate sector, merchants

• Seed Import/export, quarantme

• Seed quahty standards

• Project plannmg, fundmg

Questions to Debate

• What pohcy mitlatives by governments could encourage local forage seed
supphes?

• Is there a need to mvolve the formal sector m forage seed productlOn? How can
the partICIpatlOn of the pnvate sector be stImulated?

• Should vanety and seed legislatlOn be modIfied to assIst the productlOn of
forage seed and the release ofnew vanetles?

• What are the essentlal elements of a formal forage and pasture seed system that
need speCial attentlOn?

• How can demand for forage and pasture seed be strmulated, and the benefits of
forages m farmmg systems promoted? Can governments aSSIst the mformal
sector m any way?

• How can the mternatlOnal centers (e g ICARDA, ILRI) contnbute to the
strengthenmg of formal seed systems?

Group II - Informal Sector, and Farmer-based Seed
Systems

Key Issues

• Farmer awareness of forage and pasture seed

• DefmItlon ofpnonty materials for multIphcatlOn

• Farmer participatlOn, gender Issues

• Demand Issues

• Small-scale seed productlOn

• Promotion of commumty seed productlon

• ExtenslOn, technology transfer

• CommerCIahzatlOn, role of merchants

• Involvement ofpnvate sector, lmkage to formal sector
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• Project planmg and management, fundmg

• Need for SOCIOeconomIC research

• Need for agronomIc research

Questions to Debate

• The Importance of mformal seed systems has only recently been recognIzed, do
you feel that you understand the Issues mvolved? How can these systems be
strengthened and promoted to make them more sustamable?

• How can the development of small-scale enterpnses be assIsted?

• How can the formal and mformal seed systems be lInked?

• What IS the role of the mtematIOnal centers and NARS m helpmg NGOs,
communIty groups, and farmer aSSOCiatIOns to develop mformal systems?

• How can farmer partICIpatory research be mtegrated wIth mformal seed
systems?

• How can the development of mformal forage seed systems be lrnked wIth crop
seed and other sustamabilIty themes?

• How can real demand for seed be defmed and stimulated?

Group 11I- Research, Technology, and Training

Key Issues

• Seed technology and phySIOlogy

• New technIques for seed testmg

• Appropnate eqUIpment

• Lrnkages to the formal and mformal seed sectors

• Technology transfer, publIcatIOns

• Gender Issues

• Trammg

• PromotIOn of mmgenous speCIes, bIOmversity

• EmphaSIS on themes for natural resource management

Questions to Debate

• What are the research pnontles for seed production and seed technology?
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• What are the most sUitable specIes for promotlOn and seed mcrease m different
environments? What should be the balance between indigenous and imported
matenals?

• How can seed testmg techmques in the formal sector be adapted to solve local
problems m informal seed systems?

• How can the development and adoption of small-scale eqUipment be
encouraged?

• How can trammg be matched to the needs of evolvmg projects?

• What role can networkmg play m both research and technology transfer?

• How can pubhcatlOn of research be stimulated and exchange of mformatlOn be
speeded up and increased?
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Recommendations

Policy and Institutional Issues

Livestock productIOn IS a strategic Issue m many countries, but despite thiS, It has
not proved easy to commercialIze forage seed supply For this reason, prIvate
sector partiCipatIOn will be very lImited and governments may have to accept a
leadmg role for the tune bemg

Policy Initiatives by Government to Encourage Local Seed Supply

The workshop recognizes that polIcy IS a matter for natIOnal governments and that
the stage of development of mdividual countries wIll determme the polICies most
approprIate for them The followmg gUIdelInes are suggested

• ProvIdmg credit faCIlIties to seed producers who grow seed of new varieties

• Promotmg contract seed production of hIgh-yIeldmg varIeties by guaranteemg
purchase and prIce

• Supportmg seed productIon activities wIthm cooperatIves

• Remforcmg the extension effort for new forage varIeties, espeCially by means
of field demonstratIOns

• Mamtammg seed securIty stocks

• ProvIdmg subSidies for seed productIon, as long as these do not distort the
system or discourage other partICIpants

• MomtorIng seed Imports

• Encouragmg research on mdigenous plant materIals (collectIOn and evaluatIOn)

Increasing Formal Sector Involvement in Forage Seed Supply

In general, the prIvate sector WIll not partICIpate m the forage seed system unless
and untIl there IS a real demand for seed Therefore, government particIpation m
the formal system Will stIll be reqUIred to achieve Improvement The workshop
suggests that thIS be achieved by

• Mamtammg a commitment to develop, register, and release new hIgh-Yleldmg
varietIes

• InitIatmg basic seed productIOn of these varIeties

• StImulatmg involvement of the prIvate sector, ImtIally by mcentIves for
compames that undertake local productIOn of new varIetIes, e g tax relIef
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Legislation and Regulations Related to Varieties and Seed

Legislation already eXists m most countries, but it has usually been developed to
meet the needs of the cereal seed sector The workshop recommends that the legal
framework relatmg to forage seed should be reviewed with the followmg
objectives m mmd

• Developmg appropriate legislatiOn where it does not eXist

• Ensurmg that the technical procedures, e g for vanety release and certification,
are flexible and appropnate to forage speCies and vaneties

• Ensurmg that seed quality standards are realistic m terms of speCies
charactenstics and the productiOn capabilities of local farmers

Formal Sector Involvement

The workshop suggests that the followmg elements of the formal sector should be
emphasized.

• Research to develop high-quality seed production

• Trammg in seed productiOn techniques, seed technology, marketmg, extensiOn,
quality control, and certificatiOn

• Developmg the supply cham by encouraging extensiOn to use good-quality
seed

• Enhancmg distributiOn and marketmg channels.

Role of International Centers

The workshop recommends that the existmg activities of ICARDA and ILRI
should be mamtamed and strengthened where possible In particular, they should
assist national governments and NARS with

• Trammg m forage seed productiOn

• Coordinatmg collaborative research m their respective regiOns

• Providmg consultancy, e g., to improve seed legislation

• Developmg projects that address weaknesses m the supply system

For ICARDA, specifically, the WANA seed network should take more account of
forage seed issues and support initiatives such as the RegiOnal Variety List, the
harmonizatiOn oftestmg procedures, and seed standards

The centers might act as Jomt sponsors for exhibitions of small-scale machmery
relevant to farmers m their geographical regiOns
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Informal and Farmer-based Seed Systems

Concept

The workshop recogmzes that the concept of mformal, or farmer-based systems IS
extremely complex and not wIdely understood or well-defmed Therefore, the
workshop suggests a rough defm1tIOn of the concept as follows "All components
and processes related to the productIOn, marketmg, and use of seed by and for
small farmers on a regIOnal or commun1ty basIs ImphClt m this defmltIon 1S some
understandmg of and separatIOn from the formal seed system "

Basic Considerations for a Forage Seed System

If forage seed productIOn 1S to be developed, the workshop consIders the followmg
elements to be cntlCal to success

• Lack of demand IS the major constramt to the evolutIon of mcreased seed
supply Producmg more seed w1ll not create demand If farmers are not
convmced of its value Real demand wIll come only when farmers see a dIrect
fmancIaI benefit from buymg Improved vanetIes and quahty seed Therefore,
the pnonty IS to promote the use of forage and pasture crops W1thm local
farmmg systems In order to create/stImulate/mcrease the demand for forage
seed, there IS a tremendous need for

• On-farm partICIpatory research on the role of forages m productlOn
systems Th1S should lead to the Ident1ficatIOn of speC1es and cultIvars
w1th defmlte values for farmers Farmer benefits mc1ude mcreased
m1lk productIon and cash flow, mcreased ab1hty to carry more an1mals,
mcreased number of calves, less weed control, more hay, more dung,
etc

• Broadened appreCiatIOn of the multIple roles of forages In add1tIOn to
the tramtIOnal role of forages as an1mal feed, It must be recogmzed that
forages can make a sIgmficant contnbutIOn to sustamab1hty 1ssues, e g
watershed management, eroSIOn control, and sOlI fert1hty

• Balance between forage yIeld and seed Yield m speCIes selectIOn A
compromIse may be necessary between the use of spec1es WIth hIgh potentIal
for forage potentIal and ease of seed productIOn Characters such as prohfic
flowermg, mgh seed set, hIgh seed recovery, and mgh seed yIeld wIll
contnbute to the success of seed productIOn

• InItIal seed multIphcatIon and seed ava1lab1hty Resources must be made
avaIlable to allow seed multIphcatIon of prom1smg matenals by selected
farmers These mitIal seed stocks are essentIal for both the mitIatIOn of on-farm
partlc1patory research and on-farm seed productIOn
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• FmancIaI vIabIlIty: Forage seed productIon mvolves careful management of
nsks Not all farmers are likely to succeed as seed producers, nor do the
essentIals needed to establIsh thIS system eXIst m every communIty

Essential Components of a Farmer-managed Seed System

If mitIatIves are to be taken to specIfically promote the development of a farmer
managed seed system, the followmg elements are cntlCal

• SUItable mstItutIOnal arrangement CooperatIOn WIth development projects,
NGOs, farmer assocIatIOns, seed enterpnses m other crops, cooperatIves, etc,
IS reqUIred to InItIate and coordmate actIvItIes TradItIonal research
organIzatIOns may not necessanly be effectIve m promotmg seed productIOn at
thIS stage, although they may be mvolved m some way

• SelectIOn of pIoneer seed producers' InItIal partICIpatIOn WIll be based on those
farmers who are more lIkely to ultImately succeed as seed producers They
should already be convmced of the benefits of forage use, have the deSIre to
expand theIr own areas, and have access to productIve resources such as labor,
land, and extenSIOn They should be trustworthy, respected, and lmked to other
farmers m the farmmg communIty

• TechnIcal aSSIstance' Participatmg farmers must receIve technlCal aSSIstance,
related espeCially to the management of theIr seed crops, and pOSSIbly
aSSIstance m harvestmg and processmg. The most probable sources of such
assistance are eXIstmg research mstItutIOns

• IdentIficatIOn of dIstnbutIOn channels Various dIstnbutIon channels should be
IdentIfied withm the communIty (dealers, extenSIOn agents, general merchants,
and other farmers) Use should be made of the most effectIve and sustamable
systems The lead mstItutIOn should only become dIrectly mvolved as a last
resort

• Need for finanCIal capaCIty to trade m seed' OperatIOnal capaCIty IS needed m
the form of management of revolvmg funds to faCIlItate both the purchase and
sale of seed

• DefinItIon of achIevable qualIty standards Some defmItIon of mmimum,
practIcal, and attamable qualIty standards withm the communIty IS requIred to
create awareness about qualIty seed

• FaCIlItIes for processmg and storage' Supportmg mstItutIOns should mvestIgate
SUItable and SImple processmg eqUIpment (pOSSIbly mobIle) and storage
arrangements applIcable for partIcular forage speCIes, smce all Issues are
speCIes-specIfic.
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Linkages and Support Needs

It 1S probably unposs1ble to bul1d mdependent or forage-only seed systems
Therefore 1t 1S essentml that we ach1eve complementary elements such as the
followmg

• Involvement of NARS The NARS must take the lead m m1tlatlves to develop
these systems, but share respons1b1hty w1th other mstltutlOns, e g NGOs and
farmer assocmtlOns

• Lmkages w1th other markets. Encourage the evolutlOn of broader lmkages w1th
sustamable market Opportullltles, e g, seed of other crops and agrochem1cal
mputs Tills ultlmately brmgs the system closer to the formal sector

• Part1c1patlOn and support from the formal sector The formal sector may be
able to make a slg111ficant contnbutlOn regardmg, e g , some aspects of quahty
control or marketmg Conversely, the formal sector should not depress the
mformal sector

• Trammg of key personnel Trammg should be made ava1lable to key personnel,
such as those prov1dmg techlllcal ass1stance to seed producers

• Research efforts on farmer-managed seed systems Research efforts should be
vm p110t projects w1th SOClOeconomlC components and case-study analys1s

• Govermnents should recogn1ze the role of the mformal system m seed supply,
although 1t may be d1fficult to ass1st 1t d1rectly However, they may help some
small producers 1mprove the1r productlOn practlces or quahty standards and
become more formal
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Research, Technology, and Training

The workshop stresses that research and development on forage m general and on
seed Issues m particular are essential and mcreasmg

Research Priorities for Seed Production and Technology

Seed production. For major specIes, currently cultivated, the followmg aspects
need to be mvestIgated

• PollmatlOn of forage seed legumes, particularly alfalfa and berseem

• Harvest losses (shattermg, harvest technIques, etc)

• Improvement of eXlstmg technIques for the mformal sector

• Development of slffiple technIques to assess seed germmatIon and Vlablhty at
the commumty level

For newly mtroduced speCIes, research gaps mc1ude

• Crop estabhshment

• Weed and pest control

• Harvestmg and threshmg

Seed physiology: Particular attentlOn should be gIven to the followmg aspects

• Hardseededness, dormancy, Vlablhty, and seed storage

• Assessment of the actual seed health sltuatlOn and IdentIficatlOn of seed-borne
dIseases

• MechanlCal damage durmg harvestmg, threshmg and processmg

Breeding strategies: When selectmg and developmg new forage and pasture
cultIvars, seed yIeld and quahty charactenstlcs must be taken mto conslderatlOn

Farm surveys: To better target research and technology transfer, there IS an
urgent need to conduct surveys to Identify key researchable Issues that hmder the
development of pasture and forage seed sector

Criteria for Selecting Species for Promotion and Seed Increase

Few forage and pasture speCIes are currently used, and efforts are ongomg to
promote the use of new speCIes To ensure the success of mtroducmg new plant
matenal, the workshop suggests that partIcular attentlOn should be gIven to the
followmg cntena

• AdaptatlOn to agro-ecologlcal condItions
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• Farmer acceptance

• Techmcal and economIcal feaslblhty of seed productlOn

• Pnonty should be gIven to the use of mdlgenous matenals where possIble,
partlCularly m the mformal, small-scale seed systems

Development and Adoption of Small-scale Equipment

Lack of adapted machmery remams one of the mam obstacles to the promotion of
forage and pasture seed productlOn m the mformal sector To overcome thIS
problem and encourage the use of small-scale eqUlpment, the workshop suggests
that conslderatlOn be gIven to the followmg aspects

• The need for small machmery should be expressed by the farmers' commumty

• Users should partIcIpate m the eqUlpment development process

• EqUlpment should be slIDple, made from local, aval1able matenal, affordable,
and preferably of multIple use

• The pnvate sector should be mvolved m the dIssemmatlOn process

• On-the-Job trammg of farmers and techmClans should be conducted

Training

The workshop recommends that development of human resources should be
strengthened and on-gomg, so that skIlls are constantly bemg Improved

• PrevlOUS efforts m trammg concentrated mamly on cereal crops More
emphaSIS should be gIven to the vanous aspects of forage and pasture seed
productlOn

• The ongomg trammg actIVIties of the formal sector must be mamtamed, and
trammg m the mformal sector mItIated The followmg Issues should be
addressed SOClOeconomlCS, seed productIOn and technology at the farm level,
use of small eqUlpment, gender Issues, and natural resource management

• Management of seed projects m general, and on-the-Job trammg of farmers and
extenslOn people, should be gIven speCIal attentIOn

Networking

At present, there are SIX networks dealmg wIth forage and pasture seed productIOn
Issues the WANA Seed Network, GenetIC Resources WANANET, REMAV,
Afnca Feed Resources, Small Rummant Network, and Large Rummant Network
These networks aIm to (1) strengthen natlOnal seed programs, (11) exchange
mformatIon, research results, germplasm, and seed, (111) Jom efforts to tackle
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common problems; (lV) aVOld duphcatlOn of errors; (v) encourage common use of
faclhties, (Vl) standardlze methods; and (Vll) develop projects of common mterest

The workshop recommends the followmg

• Strengthen the pasture and forage seed components m the eXlstmg networks.

• Improve the exchange of mformatlOn between eXlsting networks.

• Estabhsh lmks with mternatlOnal networks such as the International Herbage
Seed ProductlOn Research Group

Publications

The workshop recommends that pubhcatlOn of research results should be
stimulated and the exchange of mformatlOn speeded up and mcreased by

• Strengthenmg the eXlstmg newsletters (Seed Info and Dryland Forage, Pasture
and Range Network News) and encourage the NARS to use them.

• Pubhshmg proceedmgs of vanous semmars and workshops

• Encouragmg the NARS to pubhsh thelr fmdmgs m sClentlfic Journals
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About CGIAR

The CGIAR IS an InternatIOnal group of representatIves of donor agencIes,
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Smce Its foundatIOn In 1971, It has brought together many of the world's leadIng SCientIsts
and agrIcultural researchers In a umque South-North partnershIp to reduce poverty and
hunger

The miSSIon of the CGIAR IS to promote sustaInable agrIculture to alleVIate poverty
and hunger and achIeve food secunty In developmg countrIes The CGIAR conducts
strategIc and applIed research, WIth ItS products beIng mternatlOnal publIc goods, and
focuses ItS research agenda on problem-solvmg through mterdlsclplmary programs
Implemented by one or more of ItS InternatIOnal centers, In collaboration With a full range
of partners Such programs concentrate on mcreaSIng productIVIty protectIng the
enVIronment, savIng bIodIverSIty, ImprOVIng polICIes, and contributIng to strengthenIng
agrIcultural research m developIng countrIes

The World Bank, the Food and AgrIculture OrgamzatlOn of the Umted NatIOns
(FAa), the Umted NatIOns Development Programme (UNDP), and the Umted NatIOns
EnVironment Programme (UNEP) are cosponsors of the CGIAR The World Bank proVIdes
the CGIAR System WIth a SecretarIat m Washmgton, DC A TechnIcal AdVISOry
CommIttee, WIth ItS SecretarIat at FAa In Rome, assIsts the System m the development of
ItS research program


