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About ICARDA and the CGIAR

I EstablIshed m 1977, the InternatIOnal Center for Agncultural Research m the Dry

4; 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 (CGIAR)

ICARDA 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 AfrIca 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 mformatlOn 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 mlnIstnes of agnculture, and through the
technIcal assIstance and trammg that the Center proVIdes A range oftrammg programs IS offered
extendmg from reSIdentIal courses for groups to advanced research opportunItIes for mdlVlduals
These efforts are supported by semmars, publIcatIOns, and specIalIzed mformatlOn servIces

I The CGIAR IS an mternatlOnal group of representatIves of donor agencIes, eml-
IiI nent agncultural SCIentIsts, and mstltutlOnal admmlstrators from developed and
II developmg countrIes who gUIde and support ItS work The CGIAR receIves sup

~". port from a WIde vanety of country and mstltutlOnal members worldWIde Smce
ItS foundatIOn m 1971, It has brought together many of the world's leadmg sClen-

CGIAR tlStS and agncultural researchers m a unIque South-North partnershIp to reduce
poverty and hunger

The mIssIon of the CGIAR IS to promote sustamable agrIculture to allevIate poverty and
hunger and achIeve food secunty m developmg countrIes The CGIAR conducts strategIc and
applIed research, with ItS products bemg mternatlOnal publIc goods, and focuses ItS research
agenda on problem-solvmg through mterdlsclplmary programs Implemented by one or more of
ItS mternatIonal centers, m collaboratIOn wIth a full range of partners Such programs concentrate
on mcreasmg prodUCtIVIty, protectmg the envIronment, savmg bIOdIverSIty, Improvmg polICIeS,
and contrIbutmg to strengthenmg agncultural research m developmg countnes

The World Bank, the Food and Agnculture OrganIzatIOn of the UnIted NatIOns (FAO), the
United NatIOns Development Programme (UNDP), and the UnIted NatIons EnVIronment
Programme (UNEP) are cosponsors of the CGIAR The World Bank prOVIdes the CGIAR
System wIth a Secretanat m Washmgton, DC A Technical AdvIsory CommIttee, wIth ItS
Secretanat at FAO In Rome, assIsts the System In the development of ItS research program
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Foreword

Durum and bread wheats form the staple component of the dtets of ml1hons of people and the
basIs offarmmg systems throughout much of the world Durum IS perhaps best known for ItS
use m pasta on an mternatIOnal scale, however, It IS also an Important food for rural
commurutIes, formmg the basIs of couscous, burghul,fhke (roasted green grams) and home
baked flat-bread About 90% of the world's durum wheat IS grown m the MedIterranean
regIOn, partIcularly m dner areas

The InternatIOnal Center for Agncu1tural Research m the Dry Areas (ICARDA) has a
mandate for the lillprovement of durum and bread wheats m West ASIa and North Afnca
(WANA), m collaboratIOn WIth the InternatIOnal Maize and Wheat Improvement Center
(CIMMYT), based m MeXICO Much of the durum area m WANA IS still planted WIth
1andraces selected and mamtamed by farmers over numerous generatIOns, though hIgh
yIe1dmg vanetIes from modern p1ant-breedmg programs, WIth Improved tolerance to drought
and other stresses, are begmnmg to be adopted by farmers CIMMYT/ICARDA's durum
breedmg research m WANA emphaSIzes the use of landraces m the breedmg program to
provIde a source of tolerance to drought, cold, heat, dIseases, msects and VIruses, the
development of breedmg methods that are better adapted to the MedIterranean regIOn, and
therefore more effiCIent than commonly used methods, and, the development of research
networks m the MedIterranean regIOn

The SEWANA (South Europe, West ASIa and North AfrIca) Integrated Durum Research
Network brmgs together durum researchers from the WANA region WIth theIr counterparts m
southern Europe Networkillg enables SCIentIsts WIth sIml1ar mterests to dISCUSS common
problems and pOSSIble solutIOns, share resources and expertIse, and thus mcrease the
effectIveness of research

The SEWANA meetmg at ICARDA's headquarters m Aleppo m March 1995 brought
together durum SCIentIsts from Algena, Egypt, Lebanon, Libya, Morocco, Syna, TUnISia,
Turkey and Yemen m WANA, WIth counterparts from France, Italy and Spam m southern
Europe, and others from BelgIUm, Bulgana, Canada, Chma and the USA The papers
presented at the meetmg are mcluded m these proceedmgs They are a reflectIOn of the vast
amount of durum research conducted worldWIde, and how that IS benefited by the SEWANA
Network

These proceedmgs are offered not only as a record of thIS Important mternatIOna1 meetmg, but
also to promote further cooperatIOn and collaboratIOn m durum research

::33 c

Prof Dr Adel El-Beltagy
Dzrector General. ICARDA
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Introduction

The Importance of durum as a major food 10 the Mediterranean regIOn IS well
estabhshed ICARDA, 10 collaboratIOn with the NARSs of WANA and South
Europe, and CIMMYT, has been workmg for almost 17 years toward the major
goal oflmprovmg durum yield and production 10 West ASia and North Afnca

A systematic breed109 approach for the Mediterranean dryland has laid the
foundatIOn for the development of the productive and stress tolerant durum
(PASTD) vanetles The current achievements made, show Improved tolerance to
drought, cold, and heat, Improved resistance to the malO diseases and msects
occurrmg 10 the regIOn, and better gram quahty over the last decade The
Improvements 10 these traits heralded significant yield advances over the local
durum vanetIes and the mtroduced high yield109 vanetles 10 WANA regIOn
Durum breedmg efforts have been expanded through the Jomt
ICARDAICIMMYT's collaboration with NARSs of WANA and South Europe

In the midst of this productivity advances 10 dryland and Improved quahty, and
along with the strong and dynamic ongomg collaboratIOn among the partlclpatmg
programs 10 SEWANA mtegrated durum research network, we felt that to further
expand the productivity of durum 10 the Mediterranean regIOn and remforce the
ongomg Jomt works, there was a need to hold a workshop to further develop and
mtegrate the knowledge accumulated dunng the last five years 10 the durum
breed109, abiotic and biotic stresses, use of landraces and Wild relatives, double
haploid techmques, gram quahty, and molecular markers techmques To achieve
this, we mVlted the durum researchers collaboratmg 10 the SEWANA mtegrated
durum research network and mterested sCientists for a four-day mternational
workshop, 20-23 March 1995, at Aleppo, Syna

Selected papers from the collaborating sCientists and others are presented to
provide an updated mformatlon on durum research DIsCUSSion focused on
developmg and consolidatmg the activities of the network For the different
activities presented durmg the workshop, collective mformation assembled has
been and presented here The network activIties wIll contmue to be on voluntary
basis, flexible, and based on the pnontles et by the collaboratmg institutions,
agreed activIties among durum researchers 10 SEWANA, and the other
collaboratmg mstitutlOns outside the regIOn
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Durum Breeding Research to Improve Dryland
Productivity in the Mediterranean Region

M.M. Nachit
CIMMYTIICARDA Durum Breedmg,

Germplasm Enhancement Program, ICARDA , Aleppo, Syna

Abstract

More than 85% of the world durum productIOn area IS located 10 the Mediterranean
basm Manufacturmg and marketmg of durum products are also concentrated 10 the
regIOn Growmg condItions are Ideal for producmg a gram qualIty sUItable for the
varIOus products (pasta, couscous, burghul, durum bread) whIch are the malO foods
10 the basm Consequently, the majorIty of durum research IS conducted m
MedIterranean countries Until recently, the various MedIterranean durum research
programs tended to work mdependently A collaborative program was mltIated by
the CIMMYTIICARDA durum breedmg program located at ICARDA, Aleppo,
Syna, m collaboratIOn With durum breedmg programs 10 West ASia and North
AfrIca and varIOus southern European UnIversIties The ObjectIves of thiS durum
network are to develop productive genetIc matenals combmmg hIgh gram qualIty
With reSIstance to the mam abIOtIC and bIOtic stresses 10 the regIOn, to use the
available genetic vanatlOns found m local landraces and WIld relatives. and to
mcorporate the use of DNA molecular markers m durum breed109 and selectIOn
Drought, cold, and termmal stresses are the major abIOtiC stresses hmltmg durum
yield SelectIOn for abiotiC stress reSistance, the complex nature of traits, biotic
stresses, and boron tOXICIty are dIscussed m thiS paper

Introduction

Durum wheat (Tntlcum turgldum L subsp durum (Desf) Husn) IS grown on 10%
of the world wheat area It occupIes approximately II million ha m the
MedIterranean basm (Table I) Ramfall and temperature m the Mediterranean
dryland show large and unpredIctable fluctuations from year to year (Nachit 1989)
Drought and extreme thermal stresses (cold and heat) affect growth at vanous
stages of development In the same growmg season and growth stage, either
drought and cold or drought and heat can occur DIseases, msects, and viruses
attack durum wheat m thIS region

Durum wheat gram IS mcluded m most dishes and food products consumed m the
Mediterranean basm TradItional products made from durum wheat gram are
burghul, fnke, couscous, pasta, and durum breads (Nachlt 1992) Durum gram
consumption IS very hIgh (espeCially m rural areas), from 150-200 kg per person
per year The most Important durum wheat products are summanzed m Table 2
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Table 1. Area and average grain yield
Mediterranean North Africa and West Asia.

for durum wheat grown in

MOisture Area (x 1000 hal
Usually under stress 3,500
Frequently under stress 2,400
Sometimes under stress 2,500
Rarely under stress 500

Percentage
41
27
29

3

Grain Yield (t/ha)
063
098
1 23
212

Table 2. Food products made of durum wheat in WANA.
Product Consumption (%)

Two-layered flat bread 20 0
Single-layered flat bread 10 0
Raised bread 20 0
Burghul 145
Pasta 120
Couscous 14 0
~~ 50
Other foods 4 5

SelectIOn for abIotIc stress reSIstance IS labonous because of the complex nature of
the traIts mvolved and because specIfic reglOnal adaptatlOn reqUIres dIfferent genes
10 dIfferent SItes and years AddltlOnally, bIOtIC stresses (nematode, VIruS, root rot,
HeSSIan fly) and mlcro-nutnent defiCIency or tOXICIty (boron tOXICIty, zmc
defiCIency) occur WIdely and often hmlt durum yIeld and productlOn (Nachlt and
Ketata 1987)

In 1983 the mternattonal durum breedmg program at ICARDA Inttlated a
collaboratIve program WIth durum breedmg programs 10 West ASIa and North
Afnca ThIS program also mcluded the followmg southern European mstItutIons
Tuscla Umverslty, Vlterbo, Italy, ENSA/INRA, Montpelher, France, Umverslty of
Pans, Sud, France, and Barcelona Umverslty, Spam In 1984, a Jomt durum
breeding program WIth CIMMYT was estabhshed The durum program at
ICARDA plays a major role 10 coordmatmg durum research In the MedIterranean
region-Southern Europe, West ASIa, and North Afnca (SEWANA) In 1991, the
network was further extended to Include other collaborators such as Cornell
UniversIty, Ithaca, USA, and Laval Umverslty, Quebec, Canada (Nachlt and Baum
1993)

The MedIterranean basm IS nch In durum landraces and WIld relatIves In the
CIMMYT/ICARDA durum breedmg program, landraces and wtld relatIves
possessing novel traIts are evaluated and used to Improve durum vanettes 10 the
Aleppo and SEWANA durum breeding programs (Duwayn and Nachtt 1989,
Elang and Nachlt 1991) ConventIOnal crosses, In VItro culture techmques, stress
resIstance tools, and molecular markers are used to generate durum germplasm for
ImmedIate use by durum SCIentIsts 10 the regIon (Nachlt et al 1993, Pecettl and
Nachlt 1993) Techmques whIch produce double haplOlds are studIed to hasten the
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development of populatIOns for genetic studies and to map qualttative and
quantitative trait loci for Important agronomic traits

The objectives of the CIMMYTIICARDA durum network are (1) to develop
productive durum genetic matenal combmmg high gram qualtty wIth resistance to
the mam abIOtic and biotic stresses encountered m the Mediterranean regIOn, (2) to
use the available genetic vanatlOn found m durum local landraces and wtld
relatives, and (3) to use DNA molecular markers m durum breedmg

Agro-ecological Zones of Durum Wheat in the
Mediterranean Region

In the Mediterranean regIOn, drought may occur alone or m combmatIon With
extreme thermal stress at varIOus stages of crop development Furthermore, even
when the crop IS grown under optimum mOIsture, occaSIOnal penods of stress due
to dryness or temperature extremes may occur dunng the growmg season
IrrigatIOn IS limited, and m many areas nonexistent Complete crop loss can result
from frost damage at anthesls or from SIroCCO (hot, dry wmd) damage dunng
anthesls and gram fillmg Temperature extremes (I e , cold, frost, and heat) can
affect gram yield dIrectly and also aggravate the effect of drought (Nachit et al
1988) Therefore, the genetic mampulatlOn of plants to Improve prodUCtiVIty and
stabIltty by mcreasmg abIotiC stress reSIstance IS the only practicable solutIOn
(Nachit and Ouassou 1988)

Lack of mOIsture remams the dommant feature of the dryland m WANA Erratic
preCIpItatIOn adds to the hazard of limited ramfall, and makes It more dIfficult to
develop cuitivars adapted to thIS environment In addition, durum wheat yield m
the MedIterranean regIOn IS curtaIled by bIOtic stresses, poor crop management, and
weed control mefficiency

ThIS paper gIves long-term averages for preCipItatIOn, evapotranspIratIOn,
mmimum and maximum temperatures, SOIl prodUCtiVIty, mmeral defiCiency or
tOXICity, and frequency and extent of dIsease and msect damage m the mam durum
growmg areas of the regIOn Three major agro-ecologlcal zones have been
Identified (accordmg to prevallmg abIOtic and bIOtic stresses) With the aim of
developmg speCific germplasm contammg the reqUIred resistance genes (Nachlt
1992)

Continental Areas with Low Winter Temperatures

ThIS zone covers approxImately 55% (6 0 million ha) of the area sown With durum
wheat m the MedIterranean basm BIOtIC stresses are the major constramts
However, spells ofcold, frost, and sirocco also affect durum yIeld
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The major abiotic production constraints are

• Drought

• Wmter kill and frost at anthesls

• Termmal stress (drought and heat)

Slte-to-slte and year-to-year varIables are very large The followmg bIOtIC stresses
are also endemiC to the zone

• Yellow rust

• Common bunt

• Septorza trltlCl

• Tan spot

• Sunm pest

• Stem sawfly

Wheat stem sawfly and sunm pest usually cause crop damage m the dry season,
while yellow rust and common bunt dommate dunng the cool and wet seasons
ThiS envIronment IS found m the contmental areas of Morocco, Algena, Tumsla,
SyrIa, Turkey, and Iraq

Temperate Areas with Mild Winters

This zone covers about 35% (40 mIllIon ha) of the land cultIvated with durum m
the region, located mamly m the coastal and southern latItudes ofNorth AfrIca

The major abIOtic stresses m thIS zone are

• Drought

• Termmal stress (heat and drought)

The biotiC stresses are

• Septorza trltlCl

• Tan spot

• Leaf rust

• HeSSian fly

• Dryland and foot rots

Hessian fly and dryland and foot rots usually occur m the dry seasons, whIle leaf
rust and Septorza trltlCl are more common m wetter seasons

4



High Altitude Areas with Severe Cold Winters

This area mcludes the hIgh plateaus of Anatoha and the Atlas, and Syro-Lebanese
Mountams The major abiOtic and biOtIC constra1Ots of this zone are

• Cold

• Drought

• Boron tOXICIty

• Yellow rust

• Leaf and stem rust

• Common bunt

• Tan spot

• BYDV

Breeding Methodology

Smce drought IS the dommant stress factor hmltmg durum productiOn, the
CIMMYTIICARDA durum breedmg program has developed a strategy that alms at
breedmg Improved germplasm reSIstant to drought as well as cold and heat, and
WIth responsIveness to Improved condItions when they occur

Our research work (Nachlt and Jarrah 1986, Nachit et al 1988) has shown that
selectiOn effiCiency IS greatest when selectiOn IS made (1) m the enVIronment m
WhIch the varIeties Will be commercially grown, (2) for a combmatIon of reSIstance
to abiOtic stresses and yIeld potential, and (3) for adaptatIOn to varIable
environmental condItiOns

The baSIS of our breedmg work IS thus to select durum populations and advanced
hnes that are resistant to abIotic and biOtIC stresses, and to test for yIeld stabIhty
and productivIty under MedIterranean dryland condItiOns The cornerstone of thIS
strategy IS the 1OtrogressiOn of reSIstance genes from landraces and WIld relatIves to
cultivated durums, and the utIhzatiOn of contrastmg and representmg enVIronments
10 the MedIterranean basm

Utilization of Landraces and Wheat Relatives

MedIterranean landraces possess deSIrable traIts, lackmg 10 other materIals, such as
resistance to drought and cold, early growth vigor, long peduncle, and high
tillermg Our results on the use of durum wheat landraces m the hybrIdizatiOn
program show that substantIal progress can be achIeved III developmg Improved
cuitivars for dry areas
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Besides landraces, wheat relatIves such as Trztzcum turgzdum subsp dzcoccozdes,
Trztzcum monococcum subsp monococcum, Aegzlops spp , etc, provide valuable
sources for wldenmg the genetIc base of durum and Improvmg Its resistance to
abIotIc and bIOtIc stresses Further, Wild relatives confernng abiotic and bIOtIc
stress resistance are bemg crossed with adapted durum genotypes, and recombmant
hnes developed IntrogresslOn of ahen chromatm mto T durum Will be momtored
For thIS purpose, repetitive species-speCific probes WIll be generated for the
relevant Aegzlops specIes (Ae speltozdes, Ae ovata, etc) and other Wild relatives
(Nachlt 1991, 1992, 1993) All advanced populatIOns are tested m labs and fields m
SEWANA InformatIOn on field performance, resistance, and physIOlogical and
morphophysIOlogical traIts IS used for QTL analysIs (Nachlt et al 1993)

A selectIOn of landraces and Improved genotypes showmg a WIde range of
responses to abIOtic and biotic stresses and gram quahty parameters IS analyzed at
ICARDA and Cornell DNA markers, from cDNA or genomic hbranes and cDNA
hbranes, specIfIc to abIOtiC and biotiC stress responses are bemg used By
employmg multlvanate analyses (correspondence analysIs, canOnIC correlation,
dlscnmmatmg analysIs), possible aSSOCiatIOns between quantltattve trait
polymorphlsms and molecular markers are estimated True hnkages Will be
subsequently confirmed m the mappmg population

Optimum Utilization of Test Sites

SelectIOn takes place at five sites

• Tel Hadya (35 0 N) has an annual average ramfall of330 mm, cold wmters, and
moderate termmal stresses

• Breda (35 0 N) has an annual average ramfall of 270 mm, cold wmters, and
severe termmal stresses

• Lattakla (35 0 N) has an annual average ramfall of 784 mm, mild wmters, and
severe disease pressure

• Terbol (32 0 N) has an annual average ramfall of 550 mm and high mput
conditions

• Yabrud (32 0 N) has an annual average ramfall of 200 mm and severely cold
wmters, drought, and termmal stresses

Because an Important part of our work, particularly m the early stages, IS carned
out at research statIOns, we have developed a stress-screemng techmque that
simulates several dIfferent envIronments at one site (Nachlt 1983, Nachlt and
Ketata 1986) The techmque mvolves growmg the same germplasm usmg
staggered sowmg dates (early, normal, late, and summer) The germplasm IS thus
subjected to different stresses (cold, drought, termmal stress, and heat) accordmg to
date of sowmg
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At Tel Hadya, durum wheat germplasm IS grown under four envIronmental
condItions

• Early sowmg (mId October) WIth supplemental lITIgatIOn (450 mm, mcludmg
ramfall) to sImulate a crop cycle of long duratIOn and favorable growmg
condItions

• Normal sow109 date under dryland conditions, representmg MedIterranean
contmental dryland conditIOns

• Late sowmg (early Apnl) to simulate a short grow109 season wIth severe
termmal stress (drought and heat)

• Summer sowmg (early July/mId October) to test for hIgh temperature
condItions durmg all growth stages

Early sowmg subjects plants to cold damage (wmter kIll) dunng tillermg, frost
durmg anthesls, and attacks of yellow rust and Septorza tntici Late sow109
subjects plants to termmal heat and drought stress, partIcularly durmg gram filhng
Late sowmg mcreases attack by aphids, BYDV, and HeSSIan fly Summer sowmg
subjects plants to extreme hIgh temperatures and sIrocco

Breda IS a dry sIte wIth cold wmters and a high natural mfestatlOn of wheat stem
sawfly Yabrud expenences severe cold, drought, and termmal stresses Lattakia IS
a hIgh ramfall sIte, used for testmg resIstance to dIseases under natural and artIficial
mfestatlon, partICularly Septorza trztlCI and BYDV Terbolls used durmg the wmter
to test for yIeld potential and resIstance to yellow rust and cold, and durmg the
summer to screen for resIstance to heat as well as stem and leaf rusts

The testmg sItes/environments provide two mteractmg selectIOn gradIents for
ramfall and temperature ThIs double selectIOn gradIent encompasses the maIO
abIOtIC and bIOtiC stresses 10 the three major agro-ecologlcal zones

Selection Procedures

Before developmg selection procedures for abIOtic stresses, It IS cruCial to
determme the frequency of occurrence of a partIcular stress and ItS tImmg m
relatIOn to crop development m each agro-ecologlcal zone In our approach, all
early segregatmg populatIOns are subjected to the stresses m the above-mentIOned
enVIronments wIth the aIm of Identrfymg the populatIOns that do partIcularly well
m certam enVIronments and are not sensItIve to the stresses of the other
environments
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The pedigree method of selectIon IS used to select mdlvIdual plants from the
populatIons that are selected across all sites/envIronments The bulk method IS used
extensively to select among populatiOns durmg wmter and summer cycles ThIS
presents the double advantage oftestmg more crosses at several sites/envIronments
PromIsmg bulked segregatmg populatIons are shared wIth the vanous NARSs and
tested m several agro-ecologIcal zones of WANA With this selectIOn procedure, It
IS possIble to Identtfy at an early stage those populatIons that combme producttvIty
and stabIlIty wIth tolerance to biOtIC and abIotIc stresses and are heterogeneous for
a number of Important charactenstIcs m populatiOns reachmg the advanced testmg
stage

Results of selection work under contrastmg environments show that genotypes that
do well under favorable conditIons do not necessanly do so under less favorable
condlttons It may be difficult to select for genotypes with high yIeld potenttal m
dryland envIronments, but It IS far more dIfficult to select for mOisture-stress
tolerance under hlgh-mput environments It appears that selectiOn under extreme
envIronmental condlttons alone (too favorable or too dry) IS not an efficIent way of
Identlfymg cultIvars for the MedIterranean drylands ThiS regIOn IS charactenzed
by high year-to-year vanabIhty and an unpredIctable alternatiOn between favorable
and less favorable seasons Therefore, breedmg culttvars whIch combme yield
abIhty wIth stress tolerance and yIeld StabIlIty IS a prereqUisite (Nachlt 1989)

Stress-associated Traits

Plant charactenzatton IS another tool used to Improve breedmg work (Nachlt and
Jarrah 1986) We have found that earhness, fertIle ttllermg, spike fertlhty, peduncle
length, and early plant vigor are associated with hIgher gram yIeld under drought
condItiOns Most of our Improved hnes show desirable values for these traits
(Nachlt 1988) An analytIcal approach IS hkely to be more useful for areas with
severe mOIsture stress It rehes on the plant's dIfferent adapttve mechamsms m a
stress environment, with the possIbilIty that breedmg and selectiOn for these
adaptatiOns will contribute to growth and yield under stress In the MedIterranean
drylands, fertile tillenng abIlIty IS by far the most potent predIctor of durum gram
yield under mOIsture stress (Nachlt 1990, 1991, 1992, 1993) TraIt contnbutlon
estimates have shown that fertile tillermg can account for more than 30% of the
total vanabIlIty m gram YIeld, whereas spIke fertIlIty and earhness account for 5 3
and 4 1% of the total variabIlIty m gram YIeld, respectIVely

Further, wlthm the SEWANA network, measurements have been taken for relative
water content, osmotIc adjustment, ISOtOPiC carbon dlscnmmatiOn, canopy
temperature, chlorophyll fluorescence, chlorophyll a, chlorophyll b, total
chlorophyll content, osmolyte accumulatiOn (soluble sugars, prolme, etc), root
parameters (volume, weight, deepness, number), leaf anatomy and morphology,
boron tOXICIty, zmc defiCIency, and heat and cold damage at different vegetatIve
and reproductive stages (NachIt 1993, DIb et al 1994)

8



Multilocational Testing

Although the delImItatIOn of agro-ecologlcal zones 10 WANA decreases the
genotyp~nvlronment(GE) InteractIOn, It does not necessanly elImmate It ThIS IS
because the year-to-year and site-to-site vanatlOns wlthm a zone can stIli be very
Important ThIs makes It Imperative to look for cultlvars possessmg an acceptable
degree of consIstency of supenor performance (commonly called stabIlIty) across a
senes of envIronments wlthm an agro-ecologlCal zone

CultIvar performance thus reflects the mteractlOn of genetic and envIronmental
factors The performance of genotypes or crosses may vary 10 different
envIronments, 10 whIch case the genotype IS saId to Interact with the environment
Results from thIS proJect, as well as other work, show the overwhelmmg eVIdence
of GE mteractlOns For an effiCIent breedmg program 10 a gIven regIOn It IS
Important to know the causes and the nature of GE InteractIOns (Nachlt et al 1992,
Nachlt et al 1993) MultI1ocatlOnal testmg proVIdes the data for assessmg the
conSIstency of cultlvar performance It also enables the Identification of cultlvars
that combme desIrable traIts such as resIstance to vanous dIseases and msects wIth
tolerance to drought, cold, and heat These cultIvars prOVide good sources of
parental matenal for the hybndizatIon program

Use of Molecular Markers and Double Haploid Techniques

Molecular mappmg IS bemg carned out for the durum populatIOn Jennah KhetIfa x
Cham 1, and the backcross populatIOns Omrabl SIT dlCoccoldesllOmrabl 5, and
Konfla/T dlCoccoldesllKonfla Lmkage analysIs, partIcularly wIth respect to
quantItative traIt lOCI (QTL), WIll be performed at ICARDA, CIMMYT, Tuscla
UnIVersIty, and Cornell UnIVersIty Markers related to drought resIstance,
temperature-extreme resIstance, and gram qualIty are bemg developed (Sorrells et
al 1995) Sequences such as dehydnn, glIadm, and glutenm genes WIll be used to
screen for abIOtIC stresses and gram qualIty IdentIfied sequences WIll be applIed to
the mappmg populatIOns to determme theIr locatIOn and relationshIp to other DNA
markers

The development of haplomethods IS a useful step for several bIotechnologIcal
applIcatIOns GenetIC map constructIOn IS faCIlItated by the rapid development of
completely homozygous lInes Several methods are currently bemg mvestlgated,
such as anther culture, mlcrospore culture, mduced gynogenesIs through
mtergenenc crosses, and In VItro selectIOn at Sud UnIVerSIty 10 Pans

Breeding for Abiotic Stress Tolerance

Drought-tolerance Breeding

In the dner zones, emphaSIS IS placed on resistance to drought, heat, wmter kIll,
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frost at anthesls, and pathogens and msects specific to dry areas, e g, root rot,
common bunt, wheat stem sawfly, and Hessian fly (Nachlt 1994) Genetic stocks
have been developed with combmed resistance to drought and cold (wmter kill)
The number of advanced hnes With consistent and high yield IS steadily mcreasmg,
reflected by an mcreased number of hnes released m the Mediterranean regIOn

The progress achieved m drought-resistance breedmg IS exemphfied m Omrabl 3
and 17 These hnes ongmate from a cross between a Middle East landrace
(Hauram) and a CIMMYT hlgh-Yleldmg vanety (Jon C69) Because of their high
performance under both stress and favorable conditions, they were mcluded m the
farmers' field venficatton tnals for low and high ramfall areas of Syna and
Lebanon Omrabl 3 has been released as Cham 5 for dry areas m Syna Omrabl 17
IS adapted to low ramfall areas with contmental chmates Konfla (released m
Algena, and, under the names of Cham 3 and Petra, m Syna and Jordan) IS adapted
to dry areas with mtld wmters These results confirm earher findmgs m which yield
and stress resistance were successfully combmed (Nachlt and Ouassou 1988)

Breeding for Tolerance to Cold and Frost

In contmental Mediterranean dryland and high-altitude areas, durum wheat IS often
damaged by cold at the vegetative stage and/or by frost at anthesls Cold and frost
mCldence mcreases at higher latitudes and altitudes

Cold damage reduces dry matter productIOn and spikes per umt area, whereas
spnng frost damage Impairs spike fertlhty In the contmental Medlterranean
drylands, more than 44% of gram yield vanablhty IS explamed by the number of
fertile tillers (Nachlt 1990, 1991, 1992, 1993)

Breeding for Resistance to Heat and Terminal Stresses

High temperatures dunng gram ftlhng cause crop damage through premature
desiccation, kernel shnvelmg, and reductIOn of gram yield Intermittent high
temperature durmg the growmg season also mcreases water stress This
phenomenon IS found m southern latitudes and mild wmters Durum wheat grown
m hght-textured sOils and/or land that IS not fallowed IS particularly prone to
mOIsture and high temperature stress

Testmg for heat and premature desiccatIOn stresses IS descnbed as follows Heat
screenmg IS carned out under summer sowmg at Terbol and Tel Hadya, where
maximum temperatures are above 30 °C and mmlmum temperatures do not go
below 20 °C durmg the vegetative stage of plant development Late sowmg at Tel
Hadya simulates stress caused by high evapotranspiration demand and premature
desiccatIOn The temperature nses from mld-Apnl onward, causmg high
evapotranspiratIOn, and normally comcldes with a rapid decrease of ramfall (Nachlt
and Ketata 1987, Acevedo et al 1990)
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FIeld screenIng for heat and premature-desICcatIOn resIstance IS made difficult
because of uncontrollable temperatures and the confoundIng effects of other
stresses, particularly drought However, If the objectIve IS to develop cultlvars for a
target environment where drought and heat often occur simultaneously, the
confoundIng effects need not be emphaSIzed ThIS technIque has been used for the
last decade, and the results are rewardIng, as eVIdenced by the performance In
warm areas (NIle Valley and ArabIan Penmsula) of durum wheat lInes Identified
through heat and premature deSiccatIOn screemng

Breeding for Biotic Stress Resistance

Disease Resistance

The many diseases affectIng durum wheat m cold wmters areas mclude yellow rust
(Puccmla strliformls), loose smut (Ustllago trztZCl), and common bunt (Tll/etla
foetzda, Tll/etla carzes) In agro-ecologlcal zones WIth mild wmters the Important
dIseases are Septarza trltlCl, leaf rust (P recondlta), stem rust (P grammls), barley
yellow dwarf VIruS (BYDV), root rot (Fusarzum and ChollObolus satzvus), and
powdery mIldew (Eryszphe gramzms)

The most economIcal and practIcal way to aVOId loss by disease IS through the
mcorporatton of disease reSIstance ThIS holds particularly true for margmal areas
WIth low mput agriculture However, changes m crop management practices may
have a dramatic effect on the development of dIseases For example early sowmg,
often recommended by agronomIsts, favors the development of folIar dIseases,
particularly yellow rust and Septorza trztzcz, late sowmg can mcrease attack by leaf
rust, stem rust, or HeSSian fly, and monoculture and mInimum tIllage mcrease the
Inoculum potentIal of dIseases that reSide on crops over the summer (Nachlt et al
1985, Mamluk et al 1986, Nachit 1992, Mergoum et al 1993, Mamluk and Nachit
1994)

SelectIOn for reSIstance explOIts mdigenous races of pathogens to create artifiCIal
moculatlOn MultilocatlOnal resistance screenmg and testmg In "hot spots" IS also
carned out to detect other races of disease The screenIng of advanced generatIOns
and matenals for leaf and stem rusts In MeXICO plays an Important role m
Identlfymg broad reSIstance to these dIseases However, the local races for all three
rusts are more VIrulent, thus rust resistance found at CIMMYT In MeXICO IS not
effectIve m WANA

Through mtensive breedmg, Increased reSIstance has been achieved for yellow rust,
stem rust, leaf rust, Septorza trztzcz, common bunt, and BYDV ReSIstance genes for
the dIfferent dIseases are mcorporated Into durum wheat genotypes carryIng
reSIstance to drought, cold, and heat Most of the advanced genotypes Included In
the mternational nursenes and trials now have a better cOmbInatIon of reSIstance to
bIOtic and abIOtiC stresses than local and prevIously developed VarIetIes
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Insect Resistance

Durum productiOn m the ramfed areas of the Mediterranean regiOn IS beset by
many msects, accountmg for annual yield losses of 5-14% In some areas the
losses are even higher, e g , 10 Morocco HeSSian fly (MayetlOla destructor) can
cause 80% crop loss m dry areas HeSSian fly, wheat stem sawfly (Cephus
plgmaeus), and sunOl pest (Eurygaster mtegrlcens) are found pnmanly 10 ramfed
areas Aphid IS pnmanly a problem 10 the favorable areas of the southern latitudes,
although any wheat grown under IrngatiOn or 10 hlgh-to-moderate ramfall areas
may also be heavtly mfested

Most of the newly-developed durum genotypes exhibit medIUm to high resistance
to wheat stem sawfly under natural mfestatlon ReSistance to the wheat stem sawfly
IS apparently not restncted to stem sohdness However, several durum landraces
from Morocco were found to possess sohd stems and are now used 10 the crossmg
program for wheat stem sawfly resistance (Nachlt 1990, 1992, 1993) ReSistance to
wheat stem sawfly from different sources With different mechamsms combmes to
develop stable resistance Screenmg for resistance to aphid and HeSSian fly IS
carned out with the natiOnal programs of Egypt and Morocco For the first time,
durum cultlvars with resistance to HeSSian fly have been produced, thanks to a Jomt
program with the NARSs of Morocco and ICARDA, and are now proposed for
release The loss due to HeSSian fly 10 Morocco IS valued at US$ 150 mllhon
annually

Breeding for Improved Grain Quality

Identification of deSirable quahty parameters and mcorporatlon mto Improved
germplasm are given high pnonty 10 the CIMMYT/ICARDA durum wheat project
(Withams et al 1989, EI Haramem et al 1993, Nachlt et al 1995, Implgha et al
1995) The most often-used quahty test parameters are protem content (%),
vitreousness, sedimentatiOn test (SDS), carotene content, gram Size, the ghadm 45
band, low molecular weights, and, recently, PCR pnmers

Crosses are made to mcrease mdustnal and nutntiOnal quahtles of stress-tolerant
germplasm WANA landraces are the best source for local products, while T
d,Cocco,des are used to mcrease gram protem content (Nachlt 1990, 1991, 1992,
1993) Vltreousness screenmg usmg zero Oltrogen and IrngatiOn (Nachlt and Asbat
1987) IS now generatmg promismg results This techOlque dlscnmmates between
genotype quahty traits and enables better selectiOn of genotypes With high gram
quahty

Conclusion

Since It IS Improbable that more land can be put under cultivatiOn, productiOn
mcreases have to come from Improved technology, mcludmg development of
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sUItable vanetIes, better cultural practIces, and weed control Results from
expenmental statIOns, on-farm research tnals, and large-scale testmg m several
countrIes such as Syna pomt to the possIbIlIty of at least doublIng current yIeld m
most of the MedIterranean regIOn
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Breeding Activities on Drought and Cold
Tolerance in Algeria

A. Benbelkacem
ITGC, Agncultural Expenmental StatIon of Khroub, Constantme, Afgena

Abstract
Envlfonmental stresses are very common m North Afnca In Algena, weather
stresses from drought and cold combme m the large cereal productiOn area, heat
stress IS an important factor m the high plateaux The mtroductiOn of new
agronomic practices and new cultivars IS the lOam way to Improve cereal
production m these environments Strategies mc1ude alternatmg the selection of
genetic matenal from many contrastmg locatiOns and testmg advanced hnes at
several sites The selection for different environments IS based on yield and ItS
associated traits, such as number of spikes per square meter, number of kernels per
head, and 1,000 kernel weight Results show that correlations between yield and
associated characters eXist, agronomic factors are very Important, and cultlvars
respond differently m different environments Some cultlvars are Widely adapted
and others perform well only m speCific environments

Introduction

In many areas of the world, crop productiOn IS hmited by a number of chmatlc,
edaphlc, and biOtic factors The ability of a crop cu1tlvar to perform reasonably
wellm ramfall-vanable and drought-stressed environments is an Important trait for
the stablhty of production under North Afncan dryland conditions, because the
annual precipitation is highly vanable and droughts are frequent Drought tolerance
10 the sprmg germplasm pool of cereal cultivars is a prereqUIsite for acceptance by
farmers m dry areas Restncted water supply is a Widespread stress, often occurrmg
10 combmation with other stresses (low wmter temperature, heat dunng gram
fillmg, and lack of macro- and mlcro-nutnents), and with biotiC stresses (diseases
and msect pests)

The productiVity of the crop 10 Algena is also hmlted by frost 10 wmter and early
sprmg Yields vary greatly among years and locatiOns, reflectmg the variation m
seasonal ramfall and other adverse factors

Agro-ecologic Characterization of the Different
Environments

Algena, unhke ItS North Afncan neighbors, is a very large country, with a total
land area of 2,380,000 km2 Its topographical and biOchmatic charactensttcs-
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ranging from the humid areas m the north, where intenslVe cultIvatIon prevails, and
the and plateau in the south-permIt a vanety of landscapes and agncultural
systems The southern plateau IS mtersected by plams, and consequently
agncultural actIvIty dIffers from east to west Drought, eIther dry fall or dry spnng,
occurs m almost every regiOn

There are three large agrochmatlc zones

• The humId zone mciudes coastal and near-coastal regiOns From the center of
the country eastwards, average annual ramfall exceeds 600 mm and IS
relattvely well dlstnbuted

• The semI-and zone IS made up of a number of dlstmct areas mcIudmg the Tell
Plams and the northern border of the HIgh Plams Average annual ramfall
vanes between 350 and 550 mm but dlstnbutiOn IS regular

• The sub-and zone has low ramfall and IS agro-pastoral, WIth a hIlly terram
(hIgh plateaux) Average ramfall vanes between 200 to 350 mm WIth
contmental temperatures prevallmg (30-40 days of frost) and more than 40
days of SIrocco wmds per year

Breeding Strategies under Rainfed Conditions

A number of durum landraces and cultIvars developed by ICARDA and CIMMYT
were selected for theIr ablhty to perform well m adverse enVIronments and are used
as parents for yIeld Improvement m crosses made at EI Khroub StatiOn Alternatmg
the selectIOn of segregatmg populatIons m many contrastmg 10catlOns--such as EI
Khroub In the mtenor plams and Setlf, Tlaret, or Ouled Hamla m the hIgh
plateaux-and testmg advanced hnes at several other locatiOns helps to IdentIfy
culttvars adapted to unpredIctable enVIronments

Our strategy IS to screen under the stress condItions of the target enVIronment,
make crosses that perform well m the gIven enVIronment, test m multllocatlOnal
trIals, and charactenze and IdentIfy plant matenal adapted to dIfferent types of
stresses Gram yIeld over locatiOns and years IS the most relIable approach for
IdentIfymg drought-reSIstant and responsIve cuItIvars m dry areas

ThIS strategy mcreased yIeld more than 30% over landraces Mohamed Benbachlr
and Bldl 17 at Ouled Hamla

General Overview of the Program

• Breedmg for cold- and drought-tolerant matenal

• Crosses and selectIons m the segregatmg matenal

• SelectiOn among other matenal m the observatlOn nursenes
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• MultIlocational yield tnals

• NatiOnal adaptatiOn tnal network

• MorphophYSIOlogical charactenzatlon of the eXlstmg durum matenal

• AnalysIs of morphophysiOlogical traits m durum and Wild relatives

Results

In 1993/94 at EI Khroub and Tlaret, 47 sImple crosses, 20 backcrosses, and some
60 other crosses were made between landraces and adapted genotypes

Crosses that are performmg well across all zones are

• Waha/Tell

• Bldl 17/Waha

• Hedba 3/Gdo vz619

• Hedba 3/Polo

• Polo/Gdo vz578//Swan

Many selecttons were from segregatmg materIal from local crosses or from
ICARDA (F2 contmental durums)

Different adaptatIOn patterns can be suggested based on the vanous studies
undertaken to select hnes or culttvars adapted to each environment (natIOnal yIeld
tnals) Some cultIvars show WIde adaptatiOn (Waha, Sahel, Vltron and Zb/Fg)
whereas others show good results m specific environments only (MexlcaII for
coastal areas and Polo/Zb for the hIgh plateau) None of the other local matenal
perfonned well

These results mdlcate that good genotypes selected under favorable envIronments
can be used m envIronments WIth stress condItions

Conclusion

Increasmg crop productIOn m stressed and fluctuatmg environments IS mdeed
possible, provIded that we face the challenge m an Imagmatlve and mnovattve way
The Improvement of crop production m extreme agro-ecologlcal enVIronments IS
urgently needed and sCientIfically challengmg The results achIeved so far have
been on the whole discouragmgly lImIted The alternative approaches and new
techmques used by some sCIentIsts and mstltutIOns are showmg slow but hopeful
progress
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Quality Characters of Durum Wheat in Lebanon
M. Abi Antoun and S. Khairallah

Agnculture Research Institute, Tel-Amara, Lebanon

Abstract

In Lebanon, both durum and aestIvum wheat are used m the manufacture of
burghul (75%) and other products such as smld, macarom, couscous, moughrabIe,
and fnke Two types of burghul are avaIlable on the market red and whIte
Hardness, vItreousness, and protem content are Important characters for the durum
mdustry Durum flour IS mIxed wIth low-quahty flour for makmg local bread
Hauram IS the preferred varIety for whIte burghul, and Salamoum Red and Bekall
are the preferred red For burghul makmg, the grams are first cleaned, then botled
m water untIl they become soft (wIthout reachmg the dISIntegratIOn stage) The
cooked grams are sun-drIed to reduce the mOIsture content to 10-12% The grams
are tempered to separate the bam from the burghul After drymg, the grams are
mIlled and broken mto 1-2 mm dIameter partIcles In kIShk preparatIOn, the
burghul IS soaked m yogurt untIl It becomes soft Yogurt IS added dally untIl
complete fermentatIOn and hIgh aCIdIty are reached The burghul-yoghurt mIxture
IS cut mto small pIeces (5-10 cm dIameter), qUIck drIed, and mIlled wIth a klshk
mIll mto flour In moughrable preparatIOn, large partIcles of burghul are rolled
slowly wIth flour, and water IS added to form 5 mm balls The smld procedure IS
SImIlar to burghul, but wIth fine grIndmg For fhke, premature wheat IS charred m
fire The desIccated grams are threshed, drIed, and coarsely mIlled

Introduction

Durum wheat gram plays an Important role m the dIets of the MIddle East and
North AfrIca Lebanon has a long tradItion of growmg durum TradItIOnal durum
productIOn and processmg has resulted m the manufacture of several products
made wIth hIgh-quahty gram Although the mdustry IS presently restrIcted to
products of local mterest, there IS a large scope for expandmg the durum agro
mdustry to cover a broader range of products

About 4,000 t of wheat are used for the burghul mdustry and other products each
year A survey carned out m 1994 on wheat varIetIes grown m Lebanon revealed
the followmg In the Bekaa Valley, most varIetIes were new Improved types such
as JOrI, Stork, and Sebou, along wIth tradItIOnal varIetIes such as Salamoum Red,
Bekall, and Hauram In South Lebanon, Salamoum WhIte, Salamoum Red, Bekall,
and Hauram were found In Akkar, Salamoum WhIte, Salamoum Red, Bekall.
Senator Cappeh, and JOrI dommated
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Several vanetles were tested m the Farmers' Field Venficatlon Tnals, earned out
from 1992 to 1994 (Table I) These varieties are now undergomg large-scale
testmg m Lebanon

Table 1. Grain yield (kg/ha) of new durum varieties tested in Farmers' Field
Verification Trials (1992-1994)

Variety 1992
Stork 3,340
Sebou 3,350
Omrabl 17 3,480
Omlahn 3,730
Waha 3,950

1993
4,123
4,216
3,993
3,462
4,339

Wheat Use

1994
2,843
2,571
3,309
2,310
3,066

Average Yield
3,435
3,379
3,594
3,167
3,785

In Lebanon, both durum and aestlvum wheat are used m the manufacture of
burghul (75%) and other products such as smld, macaroOl, couscous, moughrable
and fnke Two types of burghul are avatlable m the market red and white A short
survey of the mdustry m the Bekaa shows that 75% of the wheat used for burghul
IS red, and 23% IS white For thiS reason, mtllers use the red aestlvum variety

Desirable Qualities for Burghul

Hardness and vitreousness
ThiS character IS very Important m the mdustry Soft wheat reqUires a high flour
percentage Hard wheat reqUires a low flour percentage, so It IS used m producmg
burghul Durum flour IS mixed With low-quahty flour for local bread makmg The
range for burghul IS 85-90%, With the rest made up of flour and bran A high
protem content IS also Important for nutrition

Good taste
Some vanetles have a good taste and are consistent enough for local food products
White burghul, prepared from T durum cv Hauram, has the best taste among all
vanetles due to ItS high carotene content SalamouOl Red and Bekall have the best
taste among red vanetles These vanetles almost always command high pnces m
the local market, sometimes more than double other varieties

Measurements taken on sedimentatIOn and bakmg strength may not be totally
apphcable for durum wheat characters, but do reflect the comparative value of
durums and aestlvums In a recent study at the Amencan UOlverslty of Beuut,
Olaby (1994) earned out a cluster analysIs to detect quahty characters for burghul
makmg He found an overlap between aestlvum and durum m characters deSired
for kebbe and falafel makmg The traditIOnal vanetles used III burghul production
are hard aestlvums and traditional durums
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Wheat Industry

Durum and Hard Red aesttvum wheat are used m Lebanon for the productIOn of
burghul, macarOnI, smld, moughrable, and fnke Burghul IS the most Important
product, and the bIggest mdustry Red burghul IS more desIrable than whIte
because red gram IS not found m durum wheat To find thIs character mIllers must
tum to tradItIOnal aesttvum vanettes such as Salamoum Red and Hard Red Wmter

A short survey of the five bIggest burghul compames m the Bekaa (the mam source
ofburghul productIOn m Lebanon) showed the followmg

• The amount of wheat used for burghul productIon annually IS 2,600 t

• The amount of red burghul produced annually IS 1,850 t

• The amount of whIte burghul produced annually IS 750 t

• Fme gram IS used m dIshes such as kebbe, falafel, tabboule, etc, whIle large
gram IS used m cooked meals

Manufacturing

Burghul

After cleanmg, the wheat gram IS bOIled m water untIl It becomes soft, wIthout
reachmg the dlsmtegratlOn stage The bOIled gram IS then exposed to the sun m a
thm layer to reduce the mOIsture content to 10-12% At thIS stage, the gram IS
mIlled and broken mto 1-2 mm dIameter partIcles Before processmg, the grams
are tempered to separate the bam from the gram

Kishk

ThIS old Lebanese dIsh IS made from burghul The burghul IS soaked m yogurt for
one day to make It soft Yogurt IS added for eIght days, untIl complete fermentatton
and hIgh aCIdIty are achIeved The klshk IS then cut mto small pIeces (5-10 mm
dIameter), qUIck dned, and mIlled m a klshk mIll The product IS m the form of
flour, and fine slevmg IS used to extract the large partIcles Drymg IS necessary
after the process IS complete

For moughrable, large partIcles ofburghul are slowly rolled wIth flour, and water IS
added to form 5 mm balls For smld, the same procedure IS used as for burghul, but
with very fine grmdmg For frlke, premature durum heads are charred, and the
deSIccated gram IS dned m the sun Although the durum wheat mdustry m Lebanon
IS presently restncted to products of local mterest, there IS scope for expansIOn to
mclude a broader range of products, mcludmg pasta
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Importance of Durum Wheat in Morocco
N. Nsarellah, M. EI Bouhsini and M. Mergoum

Inst/tut NatIOnal de la Recherche Agronom/que, CRRA, Settat, Morocco

Abstract
Durum IS a traditIOnal crop m Morocco and IS currently regammg the mterest of
both farmers and consumers The area planted to durum vanes from lIto 1 3
millIon ha annually Yield vanes from 800 kg/ha m the unfavorable areas to 1,700
kg/ha m the favorable ones FIfty five percent of productIOn IS m favorable areas,
32% m unfavorable areas, and 11 % m mountamous areas Total annual
consumptIOn IS 2 5 mIllIon tonnes, WIth a per capita average of 100 kg/year
Drought, heat, and cold are the mam abIOtIc stresses, HessIan fly, dryland root rot
dIseases, and folIar diseases (rusts, tan spot, septona, and powdery mIldew), viral
diseases (BYDV and wheat stnate MosaiC), and RUSSIan wheat aphid are the mam
bIOtiC stresses Durum lInes tolerant to HeSSian fly were Identified Numerous
crosses with HeSSIan fly resIstant Aegllops speCIes and Trztlcum tlmopheevll subsp
armenzacum (Syn T arraratlcum) were made Advanced ICARDA/INRA lInes
resistant to HeSSian fly were selected Screenmg for root rot tolerance/resIstance to
Fusarzum culmorum and Helmmthosporlum satlvum was carned out Results for
plant emergence, and tIller and spike numbers differed slgmficantly between
moculated and unmoculated plots Screenmg and IdentificatIOn of sources of
resistance to tan spot and septona were carned out under vanous agroclImatIc
condItions The Moroccan durum breedmg program has focused on the mam
abIOtic and bIOtiC constramts to productIOn A methodology for resIstance to
HeSSian fly and dryland root rots has been establIshed

Introduction
Durum wheat IS traditionally grown and consumed m Morocco Figures for
productIOn area, yield, and comsumptIon show that although thiS ceceal suffered
from the mtroductIon of bread wheat, It has mamtamed ItS Importance and IS
actually regammg the mterest of both farmer and consumer The area planted to
durum wheat m Morocco vanes from lIto I 3 millIon ha/year ThiS represents
about 22% of the area planted to all cereals, which mcludes barley, bread, durum,
and corn (Table 1) About 46% of the durum IS grown m the favorable ramfed area
(representmg 35% of that area), whIle 41 % IS m the unfavorable ramfed area
(representmg 16% of that area) Twenty eight percent ofthe durum IS planted m the
IrrIgated areas (representmg 7% of that area), and 11% IS grown m the mountamous
areas (representmg 31 % of that area) Yield vanes from 800 kg/ha m the most
unfavorable areas to 1,700 kg/ha m the most favorable ones Yield m mountamous
area IS about 1,400 kg/ha (Tables 2 and 3)
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Table 1. Areas planted and production of the four cereals.
Species Area Production

(1,000 hal Percent (1,000 gx) Percent
Durum wheat
Bread wheat
Barley
Maize
Total

1,1653 22 16,5119 25
1,2707 24 19,081 3 29
2,4200 46 27,3928 41

383 a 7 3,486 6 5
5,3399 100 66,4725 100

Yield
(gx/ha)

142
15 a
11 3
91

127

FIfty five percent of durum productIOn IS carned out m the favorable ramfed areas
and 32% m the unfavorable areas Eleven percent of production IS carned out m the
mountamous areas (Table 2) The percentage of productIOn per agroclImatIc zone
(over all cereal productIOns) vanes from 12 to 35% (Table 3)

Table 2. Main durum producing areas of Morocco.
Agroclimatlc ---:..A..::..re;:;,;a~ ....;P....;r...:;o..;;;d..;;;u;:;,;ct:.:.;lo:;.:,n.:..___
zone (1,000 hal Percent (1,000 gx) Percent
Favorable 536 4 46 9,326 4 55
Intermediate 221 4 19 3,0996 19
Unfavorable south 186 4 16 1,704 6 1a
Unfavorable west 69 9 6 552 2 3
Mountain 1282 11 1,8461 11
Irngatedareas 233 2 4124 12
Total 1,165 6 100 16,941 3 100

Table 3. Importance of durum in different environments.

Yield
(gX/ha)
171
140
90
79

144
177
145

Agroclimatlc zone Percent of total area Percent of total production
Favorable rarnfed 35 35
Intermediate ralnfed 20 21
Unfavorable south 12 13
Unfavorable east 14 12
Mountain 31 31
Irngated areas 7 12

Durum yield IS similar to that ofbread wheat and barley speCies, widely conSidered
as higher yIeldmg and possessmg wide adaptatIOn potential Durum yield IS
supenor to that of com (Table 4) Total annual consumptIOn of durum In Morocco
IS 2 5 millIons t ThiS represents an average per capita consumptIOn of of 90-100
kg/year
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Table 4. Comparison of main cereal yields over the last five years .
Agrocllmatlc zone
Favorable
Intermediate
Unfavorable south
Unfavorable east
Mountain
Irngated areas

Durum wheat
174
140
90
79

144
177

Bread wheat
199
151
67
89

159
160

Barley
161
125
93
97

131
75

Maize
90

11 0
60
88
70
81

Production Constraints

The durum breedmg program, located at the regional center of the Institut NatIOnal
de la Recherche Agronomlque (INRA), Settat, Morocco, addresses numerous
constramts m order to Improve durum productiVity m Morocco, especially m
unfavorable ramfed areas The Importance of each of these constramts vanes
accordmg to the agro-ecologlcal region These constramts can be ranked natIOnally
as follows

Yield potential, adaptatIOn, and stabIlIty

2 Drought (m relatIOn to total ramfall and dIstnbutlOn)

3 Heat and cold

4 Hessian fly

5 Dryland root rot dIseases

6 FolIar diseases rusts, tan spot, septona, and powdery mIldew

7 Gram qualIty

8 Viral dIseases (BYDV, WSMV)

9 RussIan wheat aphId

Research Facilities and Human Resources in Morocco

The number of researchers workmg on durum Improvement and related fields IS
Increasmg as speCIfic constramts are IdentIfied In the past, durum benefited less
from research than bread wheat The major research capabIlIties and faCIlItIes In
Morocco are lIsted below
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Institutions

• INRA

• InStitUt AgronoIDlque et Vetennarre, Hassan II, (IAV-HII), Rabat

• Ecole NatlOnale d'Agriculture (ENA), Meknes

• Several umversltIes and departments (Rabat, Kemtra Marrakech, Meknes)

Facilities
INRA IS the mam mstltutlOn mvolved m durum breedmg research and thus has the
most extensive faclhtIes and manpower for basIc and apphed durum research

FactiltIes available at INRA

• Breedmg seed laboratones and storage, located III Settat, Rabat, and Meknes

• Expenmental statIOns 10 throughout Morocco

• Greenhouses 200 m2 m Settat, 12 growth chambers m Settat

• lITIgated statIOns Deroua, Tassaout, and Sidl EI Aldl

• 1 cereal coordmator/breeder, located m Rabat

• 2 breeders, located m Settat and Meknes

• 1 tissue culture speclahst, located m Settat

• 1 entomologist, located m Settat (research also on other cereals)

• 1 VirologISt, located m Settat

• 4 pathologists, located m Settat, Rabat, and Meknes

• 1 quahty speclahst, located m Rabat

• 2 phYSIOlogIStS

• 1 speclahst on radio-element mutatIOn breedmg

Cooperatmg national mstltuttons

• 2 breeders/tissue culture speclahsts (lAV-HII)

• 1 blotechnologlst (lAV-HII)

• 1 quahty specmhst (lAV-HII)
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• 2 pathologists (lAV-HII, ENA-Meknes)

• Several collaboratmg biOtechnologlsts, pathologists, quahty speclahsts,
physiologists, workmg on specific research tOpiCS associated with students
theses (IAV HASSAN II, ENA-Meknes, Umverslttes of Rabat, Marrakech,
Rabat, and Meknes)

Program Activities

In additiOn to the crossmg block, segregatmg matenal, advanced lmes, and
prehmmary, mtermedtate, and advanced yield tnals, several nursenes and
collectiOns are shared with ICARDA, CIMMYT, and other mternatiOnal
mstltutions Some nurserIes are shared with ICARDA Jomt breedmg research on
the constramts (Hessian fly, root rot) of the temperate Mediterranean agro
ecological environment have been estabhshed

Selecttons made m mternattonal and nattonal yield trIals were advanced for further
testmg From the Moroccan materIal, hlgh-Yleldmg and Widely-adapted hnes were
Identtfied, as well as hnes tolerant to second generatiOn HeSSian fly A cross with
Kyperounda showmg tolerance to first generatIOn HeSSian fly was Identified,
deSIrable because early sowmg IS recommended Three advanced hnes were
selected m our advanced tnals and presented thiS year to the catalogue registratiOn

Interspecific Crosses

Numerous crosses with Aegzlops species and T armemacum were made and
embryo-rescue was successfully carned out We are m the process of chromosome
countmg to confirm the mterspeclficlty of these crosses

PolhnatiOn With Zea mays pollen to generate haplodlploldlzatlOn m durum has
bemg trIed, but With httle success New faclhtles have been developed for tissue
culture, haplodlploldlzatton, electrophoresIs, and protem cham reactIOn (PCR)

Rust in Durum Wheat

We have started a study on rust races, speCifically on resistance genes that might be
present m durum wheat (gene postulatiOn study) ThiS program IS carned out With
IAV-HII, Rabat Its goal IS to mcrease knowledge about rust resistance m durum

Evaluation for Russian Wheat Aphid

The RUSSian wheat aphid IS becommg an Important problem m Morocco It started
m the northern, high altitude areas and IS now observed more m the southern
regIOns EvaluatIOn of the reaction of the Moroccan cultlvars was carned out With
advanced durum hnes However, no resistance was found
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Evaluation of BYDV and Striate Mosaic Virus (SMV)

BYDV and SMV vIruses are common 10 Morocco Research IS dIrected towards
find10g sources of resIstance In addItion, a new VIruS has broken out In the last two
years 10 Irngated areas (Bem Mellal, Tassaout) IdentIficatIOn and study of thIS
VIruS are bemg carned out

Tan Spot and Septoria

Screenmg and IdentificatIOn of sources of resIstance to tan spot and septona are
bemg carned out under several agrochmatlc condItIOns Several hnes have been
Identified and used 10 the hybndlzatlOn program to upgrade and dIverSIfy the
resIstance level m Moroccan durum cultlvars

Matenal sUitable to dryland areas, wIth resIstance to HeSSIan fly, root rot, and tan
spot, IS bemg developed ThIs matenalls shared wIth ICARDA, wIth screenmg and
hybndlzatlOn carned out by INRA and ICARDA

The Hessian Fly Resistance Program

Screenmg one part (1132) of the durum nursery 10 Jemaa Shalm Expenmental
StatIOn has shown one durum wheat acceSSIOn to be resIstant ThIS acceSSIOn
(#829) IS, however, late, tall, wIth low-quahty gram Dead larvae on plants ofthe
829 accessIOn were developed All the accessIOns In thIS collection were evaluated
twIce for dead larvae wIth no resIstance found on the remammg accessIons

Parts of the Maghreblan collectIOn under severe attack that were not tested last year
(condItIOns were not favorable m Sldl EI Aldl at the time) were tested m Jemaa
Shalm and evaluated twIce m the field No resIstance (dead larvae) was found, but
some accessIons were tolerant, standmg a longer time than others However, only a
few plants stood up unttl harvest Two acceSSIOns were harvested for further testmg
next year, under severe attack enhanced by late plantmg

The F4 famlhes (ICARDA/INRA) resIstant to HeSSIan fly were grown 10 Jemaa
Shalm and Sldl EI Aldl statIOns and m the greenhouse The percentage of resIstant
plants necessary for selectIOn was 50%, but most of the resIstant famlhes had
percentages hIgher than 75% At the Sldl EI Aldl expenmental station, resIstant
famIlIes were harvested and threshed, and WIll be multIplIed (head to row) next
year and dlstnbuted for multllocatIOnal testmg Harvested plants were bulk
threshed for further testmg and selectIOn next season, because mfestatlon was not
severe m Sldl EI Aidl

New sImple crosses were conducted, m addItIOn to backcrosses on the F2 and F3
generatIOns of durum and resIstant bread wheats A new nursery (340
populatIOns/hnes) was sent by ICARDA to be tested for both HessIan fly and root
rot
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Root Rot Tolerance/Resistance

A repeat of last year's 1132 study was carned out at Sidl El Aldl One row was
moculated and one row was used as a check Checks of the cultlvar Marzak and the
triticale Juamllo were placed every 20 plots At Sidl El AIdI, the seed was dIvIded
m four one-row plots of2 5 meters Two plots were moculated before plantmg WIth
Fusarium culmorum and Helmmthosporlum satlvum InoculatIOn was carned out
by spraymg the fungal solution on the seed, whIch was dned before plantmg Data
on emergence and number oftillers and spIkes were taken WhIte head percentages
were taken

Results on plant emergence and tiller and spIke numbers dIffered sIgmficantly
between moculated and non-moculated plots Crosses among the eleven accessions
IdentIfied last year as reSIstant were carned out
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Durum Wheat Breeding Strategy in Syria
Ali Shehadeh

Head ofField Crops Research Department, Directorate of Agricultural SCientific
Research (DASR), Douma, Damascus, Syna

Abstract

The WIld relatIve of durum and Its ancestors are stIll found In Syna Landraces are
stIll grown (e g Hauram and Haman) However, up to 90% of the durum area m
Syna IS now covered wIth productIve and abIOtIc stress-resIstant cultIvars Dunng
the last five years, Synan durum productIon has more than trIpled ThIS IS mamly
due to the adoptIOn of new varIetIes, because agronomIc management, fertIlIzers,
seed rate, and use of herbIcIdes has not changed dunng the last 20 years, although
the use of supplementary lITIgatIOn has mcreased Durum IS grown m three major
envIronmental zones accordmg to water regIme (l) lITIgated and supplementary
lITIgated areas, (2) lugh ramfall areas wIth precIpItatIon above 350 mm/year, (3)
low ramfall areas wIth precIpItatIOn between 250 and 350 rom/year The abIOtIC
stresses are drought and temperature extremes, and the bIOtIc stress are dIseases
(yellow rust, stem rust, septona tntIcl, common bunt, and bactenal stnke) and
msects (stem sawfly, aphId, sunOl bug) In 1977/78, the Cereal Improvement
Program of ICARDA and the Synan Cereal Program of the Synan Agncultural
SCIentIfic Research Dtrectorate, Mmlstry of Agnculture and Agranan Reform,
developed a Jomt program to Identrfy cultlvars for the Synan dryland Several
releases of productive and stress-resIstant durum cultIvars were made, such as
Cham 1, Cham 3, and Cham 5

Introduction

Syna IS conSIdered one of the most Important habItats for the WIld relatIves of
durum, the ancestors of the current durum genotypes Many landraces, such as
Hauram and Haman, are stIll grown In the farmers' fields However, up to 90% of
the durum area IS covered wIth productIve and abIotIc stress-resIstant cultIvars As
a consequence, Synan durum productIOn has more than tnpled dunng the last five
years ThIS IS mamly due to the adoptIOn of new vanetIes, because agronomIc
management, fertIlIzer use, seed rate, and herbICIde use has not changed durmg the
last 20 years, although there have been changes m the use of supplementary
lITIgatIOn But the yIeld mcrease IS due mamly to the adoptIOn of productIve and
drought-reSIstant cultIvars by farmers
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Current Status of Durum in Syria

Durum wheat 10 Syna occupies approximately 85% of the total wheat area Durum
IS grown 10 three major environmental zones, charactenzed by water regime

• IrrIgated and supplementary IrrIgated areas area Up to 450-500 mm

• High ramfall areas with precipitation more than 350 mm

• Low ramfall areas with precipitation between 250-350 mm

Production 10 the IrrIgated and supplementary IrrIgated areas IS stable, but 10 the
ramfed areas It oscillates, particularly 10 low ramfall areas ThiS IS mamly due to
environmental stresses such as

• AbIOtiC stresses, particularly drought and temperature extremes These stresses
are related to the followmg

• Low and poor distribution of ramfall durmg the growmg season

• High temperatures dunng gram fillmg

• Cold and frost damage 10 sprmg

• BIOtiC stresses

• Diseases such as yellow rust, stem rust, septona tntlcl, common bunt,
and bactenal stnke

• Insects such as stem sawfly, aphids, and sunm bug

Breedmg program activities aim to Improve local landraces and develop new
durum genotypes as follows

• Improvmg performance of local landraces by selectIOn wlthm the landraces and
from crosses made or mtroduced by the national program

• Creatmg new durum wheat genotypes charactenzed by high yield, good
qualIty, and resistance to diseases under IrrIgated conditions

• UtllIzmg wIld relatives of durum to develop new genotypes with drought and
cold tolerance
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Table 1. Mean performance of dunun variety on-farm ttials (kg(hal.
Variety Irngated HIgh rain Low rain Release Source

(>350 mm) (250-350 mm) date
Gezlra 17
Bohouth 1
Cham 1
Bohouth 5
ACSAD 65
Hauranl
Cham 3

6,275
5,981
6,831
7,319

3,282
3,982

3,500
1,544
1,688

1973
1980
1983
1987
1984

1987

Mutation prg
NARS

ICARDA
National prg

ACSAD
Landrace
ICARDA

In 1977/78 the Cereal Improvement Program of ICARDA began Its actIvity m
Syna m cooperatIOn wIth the NatIOnal SyrIan Cereal Program m the AgrIcultural
SCientIfic Research DIrectorate, MInIstry of Agnculture and AgrarIan Reform The
major objectIve of the cooperatIve program IS to mcrease cereal productIon m the
dry areas through a long-term breedmg program mvolvmg

• Exchange of germplasm

• Exchange ofexpert VISitS

• Trammg of natIOnal human resources

• ConductmgJomt on-farm trials and large scale testmg

• Release of productIve and stress-resIstant cereal cultIvars Table I lIsts the
productive and drought-resistant durum cultlvars for the dry areas m SyrIa

As a result of thIS collaboratIOn, a new cuitIvar has been tested, released, and
adopted for commercial productIon m the dry areas New varIetIes were developed
by ICARDA through the use of adapted landraces m the hybrIdizatIOn program
(e g Cham 5, a cross between HauranI and JOrI C69) The program developed three
durum wheat varIeties for the different agro-ecologIcal areas m SyrIa

• Cham 1, for lITIgated, supplementary lITIgated, and high ramfall areas

• Cham 3 and Cham 5, for dry areas With precIpitation less than 350 mm/year

Future Needs

The durum breedmg program for dry area must be mamtamed and sustamed The
development of genotypes With the followmg characters must contmue

• Drought tolerance

• High yIeld

• Good quahty
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The current durum breedmg program for irrigated and high ramfall areas must be
enhanced, and breedmg must be carried out for the followmg traits

• High yield

• Good gram qualIty

• Disease resistance to yellow rust, stem rust, common bunt, and bacterIal strike

The use of landraces and Wild types m the durum breedmg program should
contmue Trammg activIties at different levels must be sustamed Development of
dryland breedmg methodologies must contmue
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Recent Progress in Durum Breeding in Tunisia
M.S. Garbi and A.R. Maamouri

Instrtut NatIonal de la Recherche Agronomlque de TUnlsle, Anana, TUnisIa

Abstract

Htstoncally, Tnticum turgldum subsp durum was the only spIces of the genus
Tnticum to be cultlCated m Tumsla, covenng about 800,000 ha, 55% of the area
devoted to cereals SelectIOn was InItiated as early as the begmmng of thIS century,
and local hnes were denved by mass and pedIgree selectIOn Derbassl, Adgml,
Agtll, MekkI, Hanura, Jenah Khoutifa were the dommant landraces CmlI and
Mahmoudl 981 were selected From crosses between local and Mediterranean
landraces, D 117, D77 and D522 were selected By the 195Os, Inrat 69, Boon, and
Maghrebi had been released Through a collaboratIVe project (1967) between
TumsIa (INRAT), CIMMYT, and USAID, hIgh-YIeldmg vanetles were released
(Amel and Maghrebl) for the favorable areas, and later Ben Bachlr, Kanm, and
Razzak In low ramfall areas, drought IS the mam hmltmg factor Two agro
ecologIcal zones were IdentIfIed (1) hIgh yIeld potential, disease resistance, and
good quahty are recommended for favorable areas (the vanety KhIar was
recommended, (2) stable yield with resistance to drought and termmal heat stress
are reqUIred for the dry areas (the lmes Omrabl 3 and Omrabl 5, receIved from
ICARDA, were recommended)

Introduction

Durum wheat IS well SUIted to the dner regIOns of the MedIterranean basm, and to
slml1ar areas m ASia and Amenca Hlstoncally, durum wheat IS a very Important
crop m North Afnca Accordmg to Desfontames, who studied the flora of Algena
and TuniSia In the late 1700s, Tntlcum turgldum subsp durum was the only species
of the genus Tnticum to be cultIvated m Tumsla Later, Boeuf reported m many of
hiS publIcatIOns that before the colOnIzatIOn by the French m 1881, durum wheat
was the only wheat species produced m TumsIa, and bread wheat was present only
mixed m durum wheat fields

Among the cereals, durum wheat IS by far the most Important m terms of acreage
and productIOn It covers an average of 800,000 ha, about 55% of the area cropped
to cereals Bread wheat and barley are grown only on 10% and 35%, respectIvely
(Anonymous 1994) The Important year-to-year vanatIOn of cereal productIOn IS
associated With overall quantities and dlstnbutIOn patterns of ramfall dunng the
growmg cycle
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Despite the trend towards mcreasmg yield, the average natIOnal durum yield IS stIll
low and highly vanable Durum gives slIghtly lower yields than bread wheat m the
north, where the largest bread wheat area IS located Average yields, however, hide
big dlspanttes Yields as high as 80 qx/ha have been obtamed under proper cultural
practtces m the favorable zones of northern TUnISia, while average durum wheat
yield IS only 20 qx/ha m this part of the country Durum wheat yields m the semI
and zones of Kef, SllIana, and Zaghouen affect the natIOnal average, as crop faIlure
IS frequent m dry years or years With uneven ramfall ThiS reflects the highly
vanable environmental and technIcal condlttons under which durum wheat IS bemg
produced

Historical Overview

Cereal breedmg began m TUnISia m the early years of the century at the
expenmental statIOn of the Ecole ColonIale d' Agnculture de TUnIsle and, after ItS
creatIOn m 1913, transferred to the Service Botamque et Agronomlque de TUnIsle
The work began With the eXlstmg vanabllIty m the local durum wheat populattons,
the only Widely grown wheat species m the country at that ttme (Boeuf 1932)
Local lmes, mcludmg Derbassl, Adgml, Aglh, Mekkl, Hamlra, Jenah, and
Khoutlfa, were denved by mass and pedigree selectIOn until 1930 Later, ChilI and
Mahmoudl 981 resulted m some yield mcreases

The first crosses performed, between local types and others from the Mediterranean
regIOn, resulted m the release of D117, D77, and D522, which were earlIer, gave
higher Yield, and had better qualIty charactensttcs than those used before (Daaloul
1986) Despite their Wide adaptatton and good qualIty charactensttcs, these old
varieties showed suscepttbllIty to lodgmg and disease, were late matunng, and had
low yield potenttal Remedymg these weaknesses was the task of the durum wheat
breedmg program By the 1950s, germplasm was mtroduced to Improve earlmess,
fertilIty, and disease resistance m local vanetles As a result, three durum wheat
culttvars, Inrat 69, Badn, and Maghrebl were released by INRAT These selectIOns
were extensively adopted by farmers m the favorable zone m northern TUnISia, but
not m the northwest, where ChilI and Mahmoudl 981 were firmly entrenched Inrat
69 mcreased yield by 40% over Mahmoudl 981, which IS one of Its parents
(Anonymous 1971)

With the start, m 1967, of the collaborative project between the TUnISian MInIStry
of Agnculture, CIMMYT, and USAID, hlgh-Yleldmg germplasm began to be
mtroduced, evaluated, and used m crossmg programs Amel and Maghrebl were
selected from the segregatmg matenal received from CIMMYT and put to farmer
use These two new hlgh-Yleldmg, semi-dwarf, early vanetles allowed some
mtenslficatlOn of wheat productIOn m the north, along With the use of fertilIzers
and chemical weed control Maghrebl yielded an average of 8 qx/ha more than
Inrat 69 Nevertheless, these vanettes showed some weaknesses m terms of
suscepttbllIty to the major wheat diseases Badn and Amel were particularly
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susceptIble to septona leaf blotch, leaf rus~ and stem rust Maghrebl and Amel
were not competItive With weeds due to theIr short stature Their low straw yIeld
was also an argument agamst their widespread use

Further progress was achieved WIth the release of Ben Bachlr, Kanm, and Razzak
These were mtennedIate m heIght and earlmess compared to Inrat 69 and Maghrebi
(Maamoun et al 1988) They also showed better reSIstance to the mam wheat
dIseases Vanety Ben Bachlr, although of the nght heIght, was WIthdrawn because
of photopenod msensltlvlty, whIch caused head stenlIty m very early headmgs m
years With abnormally wann wmters Yields as high as 80 qx/ha were obtamed
under good cultural practIces WIth Razzak and Kanm Vanety Kanm was largely
adopted by farmers m Morocco

SubstantIal mcreases m the natIOnal average yield were obtamed as new hlgh
yleldmg varIetIes were used Average natIOnal yIeld mcreased from 3 40 qx/ha m
1941-1960 to 9 47 qx/ha m 1981-1990.

Constraints

As m all other enVIronments WIth a MedIterranean clImate, cereal productIOn m
Tumsla IS subject to dIfferent types of stress Drought IS by far the most IImltmg
abIOtIc stress Only 2-3% of the area planted to cereal receIves some addItIOnal
water The remamder IS ramfed and thus exposed to mtennlttent water shortages
whIch can occur at any stage of the crop cycle Below-average crop harvests are
associated With prevallmg severe drought m one of the mam cereal growmg
regIOns To some extent, poor harvests are obtamed m drought years m all regIOns
In the semI-and zones, drought associated WIth termmal heat often curtails the
gram-fillIng penod and causes gram shnvelmg leadmg to poor harvest

Diseases are less-frequent causes of yIeld reductIOn than drought WIth the early
maturmg vanetles, stem rust and leaf rust are no longer conSIdered major bIOtIC
stresses of wheat With the WIdespread use of hlgh-Yleldmg semi-dwarf vanetles,
other dIseases, such as septona tntIcl blotch, have become more Important,
espeCially m favorable years and under high mput condItIOns Indeed, overall
weather condItIOns favorable for good crop harvest are also favorable for disease
development Accordmg to Harrabl (1991), septona caused a wheat harvest loss of
about 4 millIon qx m the 1990/91 season, a year where total cereal productIOn
reached ItS highest ever record Root rot dIseases are seen on wheat across all
cereal growmg areas, more frequently under drought or excessIvely wet conditions
Their relative Importance wlthm each clImatiC zone and theIr Impact are not well
documented No slgmficant yield losses due to msect pests have been seen so far
However, regular mfestatlOns WIth HeSSIan fly are observed m Isolated sites and
therefore should be looked at as a potential problem
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Prospects of Durum Wheat Breeding
Gram yield gams due to breedmg decreased with the release of the last hlgh
yleldmg vanetles This IS mamly due to the emphasIs given to wlde adaptatIOn
dunng selection

Given the lImited area annually grown to cereals, mcreasmg cereal productIOn m
Tunisia will rely almost exclusively on crop mtenslficatIon Breedmg material
adapted to each of the mam agro-ecologlcal zones IS a major goal of the durum
wheat breedmg program Two agro-ecologlcal zones have been Identified, with
somewhat different breedmg needs High yield potential, disease resistance, and
good qualIty are Important breedmg objectives m the relatively favorable northern
part of the country Highly stable yields with tolerance or resistance to drought and
termmal heat stress are key Issues m developmg varieties adapted to the harsh
conditions of the semi-arid part of the country

Breeding Durum Wheat for Favorable Conditions

Breeding for Yield Potential

Crop mtenslficatlOn m the relatively more favorable ramfed zones of northern
Tumsla, as well as m Irngated areas, reqUIres the cultivatIOn of vanetles which can
give higher yield under optimum mputs ThiS work IS bemg carned out at the
favorable site of Beja through selection from locally developed segregatmg
matenal and matenal received from mternatlOnal centers Yield testmg of fixed
matenal IS conducted m prelImmary yield tnals m Beja and selected matenal IS
tested m multllocatIonal tnals at a network of sites mcludmg Beja, Mateur, and
Knb, and under supplementary IrngatlOn at Bou Salem Selection among advanced
matenal mtegrates agronomic records (plant height, precocity, resistance to
lodgmg, etc ), yield performance compared to the Widely cultivated commercial
vanetles, gram qualIty parameters (1,000 kernel weight, vltreousness, protem
content), and disease scores under natural and/or artlficlal moculatIon m the field

The work conducted m recent years has resulted m the ldentIficatlOn and release of
variety Khlar ThiS vanety IS recommended for the favorable conditIOns m the
northern part of the country and under supplementary IrngatlOn, where It
outylelded Kanm and Razzak, the two most Widely grown durum vanetles (Tables
1, 2, and 3) Khtar has slIghtly better resistance to septona tntici than Kanm and
Razzak
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Table 1. Grain yield (gxIha) of variety Khiar at experimental sites.
Year Bela Bou Salem Knb Mateur Kef

Yield %C Yield %C Yield %C Yield %C Yield %C
1988/89 3119 1029 2923 1011 2154 865 3288 1298
1989/90 1343 823 4421 871 1337 870
1990/91 6974 1036 6309 1006 3855 917 4131 934 6193 1043
1991/92 5317 1029 5245 951 5371 1050 2622 1054
1992193 6832 1087 4726 1033 5198 1015 3255 1142
1993/94 32 13 112 7 55 43 104 2 34 41 105 5 15 45 112 4

% C Grain yield as a percentage of the Check Razzak In 1988/89, 1989/90,
1990/91,1992/93 and 1993/94, and the Check Kanm In 1991/92

Table 2. Grain yield (qx/ha) of varieties Khiar, Karim, and Razzak in
demonstration trials in 1991/92.

BeJa Mateur Jen- Bouar- Zagh-
douba ada ouan

Khlar 5309 4323 5270 41 01 4789
Razzak 45 22 43 22 45 38 36 52 47 90
Kanm 4692 4036 5439 4272 4620
Source DIVISion technique of the Office des cereales

Kef

6689
5618
6351

Sihana

5208
41 83
4758

Mean

5098
4517
4881

Table 3. Grain yield (qx/ha) of varieties Khiar, Karim, and Razzak in seed
increase fields in Krib area.

Khlar
Razzak
Kanm

1990/91
458
401
398

1991/92
569
448
436

1992/93
51 14
4546
3972

1993/94
3410
21 06
2763

Other promlsmg hnes tested durmg the last three years m multIlocatlOnal trIals
gave higher yIelds than the checks The top yielders were BD 2336, a sister hne of
KhIar, and a hne Issued from the cross RazzaklKanm The average gram yield of
BD 2336 over five sites 10 1992/93 was 5 qxlha higher than that of the best check
Moreover, the lme RazzaklKanm showed a consistently high 1,000 kernel weight
under varIOUS environments KhIar, released for cultivation 10 favorable conditIOns,
showed a better tolerance to drought than the other commercial vanetles under the
exceptIOnally dry conditIOns of 1993/94 (Table 4) ThiS IS proof that drought
tolerance can be found 10 Improved high yleldmg materIal

Table 4. Mean yields ofvarieties Khiar, Karim, and Razzak (1993/94).
Vanety BeJa(320) Knb (360)
Khlar 30 71 38 71
Razzak 2871 3594
Kanm 28 37 33 39

Mean of three yield tnals at each site
() mm rainfall from early September to late May
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Kef (230)
1201
11 78
1435

Mean
2714
2547
2537



Breeding for Septoria Resistance

DIsease control IS part of the optImIzatIon of growmg condItIons to further Improve
yIelds m disease-prone environments Septona leaf blotch on wheat was descnbed
by Viennot-Bourgm (1949) as an endemIc disease with neghgible importance m
TUnISia The disease became more important WIth the widespread use of seml
dwarf hIgh yieldmg vaneties (Maamoun 1975, Jerbl and Ghodhbane 1975)
Moreover, cultural practIces such as contmuous wheat croppmg, sowmg at higher
seed rates, early sowmg, and the use of high nItrogen amendments to obtam higher
yIelds tend to favor septona attacks PreviOUS studIes by Jerbl and Ghodhbane
(1975) and El Ahmed et al (1984) show that septona tritiCi is more vIfulent on
durum wheat than on bread wheat m TUnISIa Smce almost 80% of the durum
wheat acreage m northern TunISla is now planted to susceptIble cultlvars, breedmg
resistant durum wheats should curtail septona breakouts and mamtam dIsease
moculum at a low level m favo-able areas where wheat will contmue to be grown
under relatively high mputs

The durum wheat breedmg program at INRAT started mtensive screenmg m
1990/91 with the aim of identifymg sUitable sources of resistance The work
conducted over three seasons (1990/91-1992/93) resulted m an mcrease m the
percentage of resIstant Imes However, a lesser mcrease of the percentage of
resIstant Imes with sUItable agronomiC traIts was seen, showmg that more
resistance is found m agronomically unsUitable backgrounds (Table 5) Selected
reSistant hnes that mamtamed their relatIvely better reSistance compared to Kanm
and Razzak are hsted m Table 6

Table 5. Number of resistant lines and selected lines as a percentage of
screened lines.
Crop season

1990/91
1991/92
1992/93

Total
screened lines

1,056
507
506

ReSistant lines
(%)
17
24
28

Selected lines
(%)

5
6
67

Because of the trade-off between good agronomic traIts and reSistance to septona,
screenmg should concentrate on problems so that reSistant cultIvars may be qUIckly
adopted Yield testmg of selected genotypes was undertaken m 1991 /92 at the BeJa
Site and m multIlocatlOnal tnals m 1992/93 Results of these yield tnals are shown
m Table 7
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Table 6. Disease scores of some selected lines under high natural septoria
infestation in Beja (1990/91,1991/92, and 1992/93).
Variety or cross 1990/91
Krf/Baladla Hamra//Krf 6-4
B01457/073 4-3
086-1-11 b-1 Ob= B02127/B02125//Karlm 4-3
086-162-7b-13b=Karlm/Ourum24//B02221 /3/Karlm 6-3
B02337=GdoVz512/CIt//Ruff/Fg/3/PIn/Gre//Trob 6-5
B02338=SULAISI//CORMISI/RUFO/3/SITOIS" 5-6
B02339=STNISI//YAVISI/TEZ'S" 6-3
B02340=STNISI//YAVISI/TEZ'S" 6-5
Karim 8-7
Razzak 7-7

1991/92
tr

6-4
6-4
5-4
5-3
6-3
3-1
4-2
8-8
8-7

1992/93
5-4
6-4
6-4
5-4
4-2
6-5
4-4
5-4
8-6
7-6

Table 7. Grain yield of resistant lines with suitable agronomic traits as a
percentage of Razzak (%R) and Karim (%K).
Variety 1991/92 1992/93 Mean

BeJa BeJa Sou Salem Knb
(IrrIgated)

%R %K %R %K %R %K %R %K %R %K
B02337 1079 1174 1071 1096 1034 1099 997 1040 1045 1102
B02238 1145 1090 944 1002 681 716 101 3 1069 946 969
B02339 121 0 1152 939 997 913 959 877 925 985 1008
B02340 111 1 1058 892 948 1035 1088 983 1037 1005 1033

Ifhlgh-Yleldmg matenal With better resistance IS released from these hnes It should
replace or at least be grown alongside the currently used, susceptible cultIvars, to
aVOid septona epidemiCS m hot spots Crosses were made between resistant hnes m
order to pyramid resistance genes, and adapted matenal was used to breed well
adapted, resistant cultlVars Segregatmg populatIOns from crosses With T
dlCoccoldes received from ICARDA m 1993/94 were screened With the aim to
Widen the genetic base for resistance to septona leaf blotch Selected plants Will be
advanced under high disease pressures dunng the commg seasons

Breeding for Grain Quality

Despite the pnonty given to high gram Yield m breedmg new durum wheat
vanetles, qualIty aspects are always taken mto consideratIOn m the selectIOn
process ThiS has resulted m the release of vanetles With acceptable gram quahty
However, given the changmg consumptIOn habits and the diverSity of use, quahty
receives more attentIOn m the breedmg program

Segregatmg matenal IS systematically checked Lines With shnveled, non-vitreous
grains or With black pomt are discarded Seed of lines m Yield trials IS evaluated for
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1,000 kernel weight, test weight, and percent vlrtuousness Total protem content,
semolma Yield, and pasta quahty tests are only carned out on promlsmg hnes

The matenal mcluded m the Tumslan durum crossmg block (TDCB) was evaluated
for 1,000 kernel weight, test weight, vltreousness, and total protem content m 1993
Table 8 summanzes these results Unfortunately, the exceptIOnal drought durmg
1993/94 at BeJa hampered evaluatIOn The work was thus transferred to an Irngated
site for 1994/95, where the matenal was tested under normal and low mtrogen
amendments for further confirmation of prevIOus results and selectIOn of yellow
berry resistant matenal The durum wheat area under total or partial IrngatlOn IS
mcreasmg m TunlSla

Table 8. Thousand kernel weight. test weight. virtuousness. and total protein
content of durum wheat material included in the TOeD (Deja 1992/93).
Trait Mean Range Top 10%
1000 kernel weight (g) 41 2 38 5-55 8 48 1-55 8
Test weight ( kg/hi) 78 5 75 0-82 5 80 0-82 5
Vltrousness (%) 97 0 90 0-100 0 98 0-00 0
Total protein content (%) 139 11 3-165 148-165

InformatIOn from vanous reports was used to choose germplasm with good quahty
charactenstIcs to be used as parental matenal to the upgrade gram quahty of
adapted cultIvars

More precise quahty tests Will be conducted for better evaluatIOn of the matenal
used Seed storage protems Will be electrophoretIcally analyzed to determme their
ghadm component profile Results ofthls analySis wIll help better target crosses for
the Improvement of gram quahty m durum wheat

Breeding Durum Wheat for Dryland Conditions

Although some progress has been achieved for the favorable zones, It remams
rather hmlted for the semi-and zones of El Kef, Sl1lana, and Zaghouan, and area
representmg 25-30% of the natIOnal durum wheat acreage (Anonymous 1991) The
need for a germplasm adapted to these zones became eVident after two consecutive
dry seasons, 1987/88 and 1988/89 Improvement of the resistance of wheat to
termmal drought and heat was taken as an additIOnal objective m the program In
these areas, although most seasons are dry, favorable years do occur Therefore, the
matenal developed for these areas should respond to favorable seasons

The program screens the locally developed matenal and the germplasm received
from ICARDA, CIMMYT, and ACSAD to Identify matenal With the above
mentIOned charactenstlcs The screenmg mcludes testmg under harsh conditions m
different sites m the target area The program also makes use of local germplasm m
crosses With hlgh-Yleldmg matenal
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Recent work has led to the IdentificatIon of two new hnes, Omrabl 3 and Omrabl 5,
receIved from ICARDA These vanetles seem to show better drought tolerance,
especIally m years WIth dry sprmgs These hnes also have good yIeld potential
Moreover, they meet the farmers' need for straw m the semI-and zones, where the
maJonty of the farmers are ammal owners Results obtamed wIth these two
vanetIes m dry years are shown m Table 9 Omrabl 3 and Omrabl 5 also performed
well across MedIterranean dry areas (NachIt et al 1991)

Table 9. Grain yield (qX/ha) of varieties Omrabi 3 and Omrabi 5 compared to
Razzak and Karim in relatively dry environments.

Vanety

3241
4038
11 64
3625
1375
4320

Omrabl3
1987/88 Beja (384)
1988/89 Beja (334)
1989/90 Beja (327)
1989/90 Mateur (597~
1989/90 Kef (321)
1991/92 Kef (354)
1993/94 Beja (312)
1993/94 Kef (230) 26 7

() mm rainfall from early September to late May
t With dry spnng

Omrabl5

3591
4563
1058
3337

968
4290
3202
2710

Razzak
3263
4079
1423
4395
1687
4220
3066
2210

Kanm

2892
3759
1493
3672
1418

3007
1920

OmrabI 3 outylelded both old local and Improved durum vanetIes man-farm
venficatIOn tnals m Kef (Table 10) OmrabI 3 w1l1 be proposed for officIal
regIstration thIS year and seed mcrease has started m collaboratIOn WIth a seed
company

Table 10. Grain yield (qX/ha) of Omrabi 3 compared to old local and improved
durum varieties in on-farm verification trials in Kef (1993/94).
Vanety Site

Ajlh
Chili
INRAT69
Kanm
Razzak
Khlar
Omrabl3

Sers
51
86
70
61

10 1
125

41

Zaafrane

11 4
107
102
162



Three advanced hnes (Issued from crosses WIth Mahmoudl and ChIh, two old local
durum vanetIes) have shown ment under semI-and condItIOns and need further
confirmatIOn

Under dry condItIons, lmes from the crosses LahniGsIIStk, LahnlMrb SR, StnlMrb
SR, StnlAgIa, Gd0512/C ItIIRufflFg/3/DWL5023, Gd05121 CItIIRuff/Fg/3/NtIe,
Mrb3/Chen, and Mrb 15/Ru had hIgher gram yIeld and a better average rank than
the natIOnal checks
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Durum Breeding in Turkey
VehbiEser

Central Research Institute for Field Crops, Ulus Ankara, Turkey

Abstract
Turkey IS a tradItional durum country Durum IS grown on I 8-3 mIllIon ha, wIth
productIOn of 28-4 I t/ha per year Durum IS mamly grown 10 three dIfferent
zones the central plateau and transItIOnal zone, the southeast zone, and the coastal
zone These zones contam approxImately 50, 30, and 12% of the total durum wheat
area, respecttvely Major problems are cold and dIseases (stnpe and stem rust,
smut) m the central plateau, septona tntici stnpe and stem rusts 10 the coastal zone,
and drought and strIpe and stem rusts m the southeast zone Zabrus spp and sunOl
pests are common m the central plateau and southeast, and sawfly 10 the coastal
regIOns A number of vanetIes have been developed m each zone and grown
successfully Average gram yIeld vanes from regIOn to regIOn It IS qUite hIgh m
the coastal regIOns (5-7 tlha), moderate m the central plateau and transItional zones
(2-3 5 tlha), and low m the southeast (l 5-25 tlha) As a source of germplasm for
breedmg, local vanetIes, landraces, and wIld relatives have been used to overcome
obstacles m breedmg programs

Introduction

Durum IS grown m the tradItIOnal way m only a few areas of the world It IS found
m regIOns wIth generally low ramfall and IS therefore vulnerable to adverse weather
condItIOns Durum cultivatIOn IS thus dependent on the envIronment, whIch has a
substantial effect on both qualIty and quantIty Adverse clImatic condItIOns restnct
the amount produced and undermme the qualIty Annual world durum productIOn
vanes between 20-30 mIllIon t/year (Table I) ThIS unstable productIOn also has an
effect on the durum pnce m the world market

Table 1. World durum wheat production (million tonnes).
Year 1993/94 1992/93 1991/92 1990/91 1989/90 1988/89
EC 8 1 9 0 11 4 7 4 6 5 7 0
Turkey 4 2 4 0 5 0 5 5 5 5 4 0
Canada 2 9 3 1 4 6 4 3 4 1 2 0
USA 2 2 2 6 2 8 3 3 2 5 1 2
Others 9 27 9 1 10 6 8 5 8 3 8 2
Total 26 6 27 8 34 4 29 0 26 9 22 4
Source Consell International du 81 (International Wheat CounCil)
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40
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39
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Durum IS traditionally an important crop in Turkey, with an annual productiOn of
2 1-6 0 million t (Table 1) Turkey has a suitable enVlfonment for durum
cultivatiOn, and It has an Important productiOn potential However, durmg the last
two years, production has decreased, resultmg 10 large Imports of durum gram

The total cultivated area 10 Turkey IS 23 9 million ha Between 17-18 milhon ha
are sown every year The annual fallow area IS 5-6 5 mllhon ha The area devoted
to cereals IS nearly 14 milhon ha, and the wheat area IS around 9 mllhon ha The
annual durum area IS I 8-30 milhon ha

The dommate chmates are Mediterranean (With hot and dry summers, mIld and
ramy wmters) and contmental (WIth dry and hot summers, cold wmters, low
ramfall and humidity and major dIfferences between day and mght temperatures)
In Turkey, there are several dIfferent micro-chmates Accordmg to Mizrak (1983),
22 dIfferent chmatologICal zones are present

Turkey IS the leadmg producer of both durum and bread wheat 10 the Near and
Middle East Other cereals, mcludmg barley, rye, oat, spelt wheat (both dlcoccum
and monococcum), maize, millet, and nce Average annual productIon of wheat IS
18-20 mllhon t Recent estimates mdlcate that approXimately 80-85% of the wheat
area IS devoted to bread wheat and 20-30% to durum

The durum wheats are grown pnmanly 10 three regiOns the central plateau and
transitional zone, the southeast zone, and the coastal zone These regIons contam
approXImately 50, 30, and 12% of the total durulll area, respectIvely In other
regions durum IS grown on a smaller scale 6% m the Marmara regiOn, mcluding
Thrace, 1% 10 Black Sea RegiOn, and less than 1% 10 the northeast Lesser amounts
of durum are grown 10 the mountamous eastern regIon ProductiOn IS as follows
50% 10 the central plateau and tranSitiOnal zone, 26% 10 the southeast, 15% m the
sprmg zone, 7% m Marmara and Thrace, and 2% m the remamder

Durum gram IS utihzed 10 Turkey as follows 850,000 t for bulgur, 360,000 t for
pasta, and 75,000 t for other purposes In 1993, an estimated 60,000 t were
exported, 10 1994 an estImated 100,000 t, and 10 1995 an estimated 150,000 t To
meet the needs of pasta and semohna productiOn compames, Turkey has had to
Import durum m recent years

Cold and drought are the major abiOtiC factors hmltmg yield In the high plateaux
cold IS the major problem, although termmal drought also occurs 10 some areas In
the southeast, drought IS the malO constramt Dunng the wmter, durum IS affected
by cold more than bread wheat, resultmg m weaker plants m early spnng and, as a
consequence, yield reductiOns Early sprmg causes high yield losses

Durum dIseases are rusts, loose smut, common bunt, septona tntlcl, barley yellow
dwarf Virus, root rot dIseases, and powdery mildew The Importance of these
diseases varies from regiOn to regiOn
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The qualIty of durum cultivars grown in Turkey needs to be Improved Among the
current cultIvars, Kunduru 1149 has the hIghest pasta qualIty KlZlltan 91 IS the
most sUItable for bulgur The others have acceptable qualIty when grown m a
sUItable enVIronment In breedmg programs, much more emphasIs IS now gIven to
qualIty

Historical Background

In the early 1930s, durum covered 40-80% of the total wheat area, varymg from
regIOn to regiOn In Thrace, It covered 60%, m the southeast 80%, m the central
plateau 70%, and m the coastal regiOns 40% (Tuncer 1964) There were 233 local
vanetles or populatIons m 1964, 96 of whIch were pure durum populatIOns whIle
some were mIxed durum and bread wheat populatIOns The southeast, central
plateau, and Thrace had the most durum populatIOns After the mtroductIOn of
hIgh-Yleldmg bread wheat vanetIes, thIS pattern changed rapIdly m favor of bread
wheat More research support was gIven to bread wheat Improvement than to
durum Government pnce polIcIes were also more m favor of bread wheat Pnces
were equal for bread and durum wheats untIl 1993 Further, as more hIgh-Yleldmg
vanetles of bread wheat were aVaIlable, producers preferred It to durum As a
consequence, durum productiOn was hmIted to margmal areas where bread wheat
could not compete

In the central plateau, many farmers grow durum for theIr own needs ThIS
productIOn does not go to market and IS not counted In the offiCIal statistics In fact,
thIS IS stIll an Important productIOn group m the central plateau These farmers
generally grow local vanetles or landraces that are mamly facultatIve and sown m
spnng

Durum predommated m Thrace untIl 1970, when hIgh-Yleldmg bread wheats (such
as Bezostaya 1, KIrkpmar 79 and Kate A I) started replacmg It In the 1960s, 60%
of the wheat area was devoted to durum, while m 1991, only a small proportIon
(approxImately 5%) was grown to durum The regiOnal proportIOn of the total
productIOn has decreased from 30 to 6% (Kun and Ada, 1993) Generally, durum
culture IS restncted to the more margmallands, leaVIng the best lands for the hIgh
yleldmg bread wheats Smce 1968, the hIgh-Yleldmg bread wheat vanetles have
largely replaced the lower yIeldmg durum vanetles In the coastal regIOns

In the southeast, the SItuatIOn IS not unlIke the central plateau and Thrace Due to
the lack ofhIgh-yIeldmg durum vanetIes, durum productIOn has decreased rapIdly
In the last 20 years durum has lost half ItS area m thIS regIOn

Durum Breeding

Durum wheat breedmg has gone through two dIfferent stages before and after the
NatIonal Wheat Project, WhICh started m 1969 WIth the goal of Integratmg wheat
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Improvement and agronomy Breedmg studies on bread wheat and durum started m
1928 Each mstitute had a separate wheat program until 1969 When the NatIOnal
Wheat Project began, all the mstltutes workmg on wheat were mvolved m the
project Turkey divided wheat improvement mto two zones, namely wmter and
sprmg, although the mstitutes located m each work together Germplasm exchange
among the mstltutes withm each zone and across zones has also been imttated As a
result of thiS Jomt effort a number of durum vaneties have been developed The
varieties released before and after the project are hsted m Table 2

Table 2. Durum varieties released in Turkey.
Cv Cv Date

Akba ak 14458
Akba ak 1523
San Bursa 1149
Rahman
Kunduru 414/44
185-1
KlrmlzI5132
Sanbursa 7113
Karakllglk 1133
Akba ak 073/44
Kunduru 1149
Berkmen 469
OVlachlc 65

Dlcle 74
Gedlz 75
<;akmak 79
Tunca 79
Gokgol79
Dlyarbaklr 81
Balcal! 85
Ege88
Creso
Klzlltan 91
<;-1252
Aydln-93
Flrat-93

Before National Wheat Project

CRIFC-Ankara
TZARI-ESKI EHIR
AGR FAC -Ankara
AGR FAC -Ankara

TARI-Edlrne
CRIFC-Ankara

TZARI-ESKI EHIR
CRIFC-Ankara
SakaryaARI

After National Wheat Project
Spnng zone ARI
Sonng zone ARI
CRIFC-Ankara
TARI-Edlrne
TARI-Edlrne

Spnng zone ARI
AGR FAC-Adana

AARI-Izmlr
<;ukurova ARI
CRIFC-Ankara
CRIFC-Ankara

SEARI-Dlyarbaklr
SEARI- Dlyarbaklr

7101963
7101963
7101963
7101963

1964
1964

2641967
2641967
1931968

1351976
1351976
1551979
1551979
1551979
2941987
2641988
2641988
2041989

1991
1991
1994
1994

In the 1920s local populatIOns were collected and used as breedmg matenal Some
vaneties selected from these populatIOns are still bemg grown These vaneties are
resistant to environmental stresses, tolerant to some diseases, and have good gram
qualIty, and yield stabihty After the NatIOnal Project began, several studies based
on these vanetles were conducted Some Improvement III yield has been achieved
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Hlgh-Yleldmg spnng types were used to increase yIeld Winter x spring crosses
were made and yIeld mcreased from 1 to 2 tlha Since the late 1980s, old vanetles
have been used m crossmg programs to add adaptatIOn to high-yieldIng matenal
Wmter x sprmg x old varietIes have been crossed As a result of thIS work, yield
has stabIlIzed at 3 5 tlha at the breedIng program statIOn and 3 tlha m the farmer'
fields Further mcrease IS pOSSible wIth the mtroductlOn of hlgh-yleldmg, dlsease
resIstant germplasm mto the breedmg program

UntIl late 1980s yIeld was given top pnonty QualIty and disease resistance were
neglected Smce productIOn IS now enough for domestic consumptIOn and
exportatIOn IS gamIng Importance, quality has started to be an Important character
In the market Thus breedmg programs have started to conduct quality studies Old
vanetles, local populations, landraces, and high-quality vanetIes are used as
sources of germplasm Disease reSIstance, however, IS another subject In future
breedIng work, new varIetIes should have some certam level of dIsease resIstance
ThiS IS espeCially Important m the sprmg zone Sources of resIstance have been
obtamed from local populatIOns, Wide crosses, and varIeties or lines mtroduced
from outSIde

Currently, durum breedmg studies are earned out In three regIOns the central
plateau and tranSItIonal zone (wmter/facultatIve), the sprIng zone (spnng), and the
southeast (sprmg/facultatlve) Each mstItute m these zones has a breedmg and
agronomy department, and some have a pathology department The quality lab at
CRIFC analyzes the breedmg samples of all mstltutes

Table 3. Institutes by zone (based on bread wheat breeding).
Winter/facultative Spnng Spnng/facultatlve

CRIFC-Ankara
TZARI-ESK EH R
BDIWWRI-Konya
EAARI-Erzurumt

TARI-Edlrne

AARI- ZM R
QUKUROVA ARI-Adana
Sakarya ARI-Adapazan t

MARl-Antalyat

SEARI-D Yarbaklr
BSARI-Samsunt

f The mstltute has no durum wheat breedmg program

For the purpose of germplasm exchange, an observatIOn nursery IS bemg
dIstrIbuted by the CoordmatlOn Center located at CRIFC InstItutes m the wmter
zone exchange their F3 generatIons every year The RegIOnal Yield TrIal ofCRIFC
has also been dIstrIbuted

Smce no separate durum program IS available, staff workmg on bread wheat are
also workmg on durum wheat where a durum program IS available
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Table 4. Staff involved in wheat improvement in Turkey.
DIscipline Degree

Breeding 47 PhD 22
Pathology 7 MSc 25
Quality 10 SSc 40
Agronomy 20
Economy 4
Total 88 Total 88

Coastal Region (Spring Zone)

This zone mc1udes the Aegean, the Marmara (except Thrace), and Mediterranean
regIons The coastal or spnng durum growmg areas are charactenzed by relatively
high ramfall (500-800 mm) and relatively mIld wmters The wheat growmg season
comcldes with the ramy season m November-May Most of the coastal areas also
have Irngatlon faclhtles, but these are used for other crops, except m severe
drought Farmmg m this regIOn IS generally mechanIzed and yields of 5-7 tlha are
pOSSible If proper agronomIc practIces and cultIvars are used However, hlgh
Yleldmg bread wheat cultlvars have been grown on the best lands, and durums are
relegated to the margmallands

DIseases m thIS regIon vary somewhat from one coastal area to another, but m
general Septorla tntzcl, stnpe rust (PUCClnla stniformls), and stem rust (Pucczma
grammzs f sp tntzcz) are the major dIseases However, these three diseases are
seldom epIdemiC m the same year Powdery mIldew (Eryszphe gramlnls) and leaf
rust (Puccmla recondzta) are frequently severe m the Marmara regIOn, but these
diseases seldom cause losses m other areas Sawfly (Cephus Clnctus) IS present m
all coastal areas and sometImes causes conSiderable damage

The breedmg objective m the sprmg durum regIOn IS to develop hlgh-Yleldmg
durums to compete with hlgh-Yleldmg, semi-dwarf bread wheat culttvars For
proper expressIOn of genetIc yield potentIal, the new durum cultlvars must also
have the proper combmatton of disease resIstance, plant height, straw strength, and
matunty

One of the Important conSIderatIons m the sprmg durum program IS proper
matunty Because of the ramfall pattern, plantmg should be finIshed by mld
November, whIch IS the normal begmnmg of the ramy season Plantmg after thiS
time IS not SUItable, because once the ram begms, It contmues unInterrupted for one
or two months Late plantmg IS associated wIth reduced gram yIeld For thIS
reason, matunty should be adjusted to plantmg tIme ThIS necessitates the
development of hnes wIth a long vegetatIve phase to escape the last spnng frost,
which occurs m Apnl But they must mature qUIckly to escape the termmal drought
which starts m June
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Given these objectives, the varieties developed for this region by the breeders were
Dlcle 74, Gedlz 75, Balcah 85, Creso, and Ege 88

Southeast (Spring/Facultative Zone)

This zone 10cludes the southeastern regIOns and similar parts of Turkey The
southeast IS charactenzed by cool to cold w1Oters, relatively low ramfall (300-450
mm), and very dry, extremely hot summers, frequently With temperatures 10 the
40-45 °C range It IS divided mto three agro-ecologlcal zones The first zone starts
at the Synan border and goes north, With dry, hot summers and mild w10ters The
second zone lies 10 the middle of the region, and has hot, dry summers and cool
wmters The third zone IS 10 the north, and has hot, dry summers and cold w10ters

A wheat/fallow/wheat rotatIOn IS used almost exclUSively throughout the regIOn,
but the fallow IS used mamly for sheep graz10g and little attempt IS made to
conserve mOIsture With thiS management system, yield IS entirely dependent on
ramfall received dunng the crop season, and average yield IS between 1 5-2 5 tfha
Due to relatively high temperatures 10 the spnng, and rapid plant development, thiS
regIOn has a low mCldence of epidemiC disease but 10 some years stem and stnpe
rusts can occur Two msects are common pests 10 the regIOn Zabrus spp which eat
ungermmated seed or small plants, and sunOl pests (Eurygaster spp ) which attack
the plant 10 the latter stages of development, suck109 the JUIce of the developmg
kernel The only known control system IS chemicals

Currently, 30-40% of this regIOn IS devoted to durum productIOn Even though It
has been known as a durum regIOn, productIOn has been decreas10g year by year
Durum areas covered 80% 10 the 1960s and 50-60% 10 the early 1970s To reverse
thiS trend, hlgh-Yleld1Og durum wheat cultlvars adapted to the environmental
conditions of the regIOn should be developed

In the southeast, a large IrrIgation project (Southeastern Anatohan ProJect) has been
mltlated, and wdl start operatIOns 10 1997, With a capacity of approximately 1 7
mIllIon ha In thiS regIOn, a new crop rotatIOn system Will be used Instead of the
wheat/fallow/wheat system, an 10dustnal crops/wheat/vegetables or an 10dustrJaI
crops/wheat system wdl be tried To compete With the bread wheat 10 thiS system
breed109 strategies for durum wheat under IrrIgated conditIOns must be adjusted
Hlgh-Yleld1Og, disease-resistant, semi-dwarf vanetles wdl be benefiCial for the
regIOn

The breed10g program m thiS regIOn concentrates on developmg sprmg and
facultative durum cultlvars With some level of cold resistance The cultIvars for thiS
regIOn should also have earliness, drought reSistance, and at least moderate levels
of stripe and stem rust resistance EarImess IS the most Important character because
of the hot, dry conditIOns 10 sprmg Hot, dry wmds com109 from the Synan desert
cause spike stenllty almost every year These wmds generally come 10 early May,
and all late types are affected Early types can escape the hot wmds
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Current varieties grown 10 the region are Kunduru 1149, Olcle 74, Gedlz 75, and
Olyarbaklr 81 The vaneties Improved by the mstltutes workmg 10 this zone are
Olcle 74, Gedlz 75, Olyarbaklr 81, Aydm 93, and Firat 93 The last two were
dlstnbuted to farmers 10 1995

Central Plateau and Transitional Zone (Winter/Facultative Zone)

This zone accounts for 50% of durum area and production, an amount which was
higher 10 the past The central plateau and transItional zone IS charactenzed by cold
wmters and relatively low ramfall (300-450 mm) Climatic vanatlons are large and
crop reductIOns or faIlures are frequent The central plateau has less ramfall than
the transitIOnal zone The malO durum growmg areas 10 this large regIOn are the
northern and eastern sectIOns of the central plateau, and the southern and western
sections of the transitIOnal zone The durums 10 the regIOn are grown 10 a
wheat/fallow/wheat rotation, except 10 a few hlgh-ramfall areas 10 the transItional
zone, where annual cropp109 IS practiced The benefits of fallow systems are well
understood by the farmers 10 the regIOn

The malO diseases 10 thiS regIOn are stnpe and stem rusts and loose smut The rusts
are generally localized and only rarely reach epidemiC proportIOns The most recent
epidemiC was a stripe rust epidemiC 10 1991 Abiotic stresses 10 the central plateau
mclude extreme cold, termmal drought, and heat stress at gram fillmg In addition,
the crop IS subject to msect attack (sunOl pest and Zabrus spp 10 the central
plateau, and wheat stem sawfly 10 the transItional zone) and diseases (yellow rust
and common bunt) The transItional zone has moderate ramfall and cool or cold
wmter The Important diseases 10 thiS zone are yellow rust, septona leaf blotch, and
leaf rust

The breed109 program for thiS region concentrates on obtammg Improved wmter
durum types With good levels of wmter hardmess or cold tolerance and acceptable
gram quality Even though a certam level of cold tolerance has been achieved, It
needs to be mcreased The malO disadvantages of the currently grown durum
cultlvars are a low level of disease resistance and medmm gram quahty (Table 5)
Landraces and native populatIOns have been used as sources of cold tolerance and
good gram quality A new project 10 collaboratIOn With the ICARDA durum wheat
program has been started to Improve the cold tolerance level

Stnpe and stem rust resistance IS the necessary charactenstlc for wmter durum
cultlvars Sources of resistance are available 10 a few landraces, 10 Improved
resistance hnes from ICARDA, and 10 some hnes from Wide crosses The malO
obstacle to transferrmg disease resistance from landraces to Improved vanetles IS
yield loss It IS very difficult to Isolate segregates With high yield and suffiCient
winter hardmess If good, wmter-hardy types are developed, then mcorporatlOn of
wmter hardmess to disease-resistant sprmg or facultative types Will be pOSSible
Other characters, such as adaptatIOn, drought tolerance, straw strength, medmm
height, and earhness, etc, can be mcorporated by usmg top and double crosses
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Table 5. Quality and disease data of selected lines for DeB(I).
Entry Vltreousness (%) Protein Stem rust Yellow rust
Kunduru 1149 100 140 20S 60S
Qakmak79 96 138 30S 60S
<;1252 97 138 15S 40S-MS
KIZILTAN91 97 137 20S 40S-MS
MBVD7 100 149 20S-MS 60S-MS
9 100 134 TMR 20S/40MS-S
12 100 141 5S 10MS-S/20MS-S
13 96 141 10MS 40S-MS
15 88 126 5MR 40S-MS
16 94 132 20MS-MR
17 96 129 10MS-S 5MS-MR
18 92 134 5MS-MR 40MS/50MS
20 96 144 TMS
22 96 144 20MS-S 30MS-MR
23 100 140 50MS-S 50S-MS

Another major breedmg effort for the central plateau and transItIOnal zone IS
breedmg for hIgh and stable yIeld and a good fit mto the croppmg rotatIOn
Maxlmlzmg yIeld potentIal has receIved wIdespread attentIOn, but bread wheat has
had pnonty up to the late 1980s ThIs research lag IS now bemg closed rapIdly m
order to remam competItIve under dryland condItIOns The mam reason for thIs lag
IS the dIfficulty of workmg under dryland condItIOns and the narrow genetIc base
for Important characters Most wmter areas are charactenzed by large annual and
monthly fluctuatIons m temperature and precIpItatIon ThIs creates a need for yIeld
stabIlIty and mcreased yIeld potentIal

Dependmg on the fluctuatIOn m temperature and ramfall, average yIeld vanes
greatly from year to year The dIfference between the hIghest vs the lowest average
yIeld per ha IS 500 kglha, about 40% of the average yIeld YIeld fluctuatIOns of thIS
magmtude must be elImmated as yIeld potentIal IS mcreased

Smce yIeld m most wmter areas depends on precIpItatIOn receIved durmg the
growmg perIod, the fallow system should be carefully applIed to conserve
mOIsture Present results mdlCate that WIth the proper wheat/fallow system, and
currently grown vanetles, It IS pOSSIble to stabIlIze mlmmum yIeld at about 2 5 t/ha
even, WIth only 290-310 mm of annual ramfall m the central plateau WIth 350
mm of ramfall, whIch IS the long-term average m the regIOn, yIeld raIses to 3-35
t/ha Further mcreases m yIeld potentIal wIll come pnmarIly from new vanetles,
bred for adaptatIOn to wheat/fallow rotatIOns and the unpredIctable mOIsture
patterns of most ramfed areas

In terms of adaptatIOn, the questIOn IS whether to select for drought resIstance or
water-use effiCIency Currently grown durum landraces are drought reSIstant, whIle
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Improved cultIvars are much more efficient water users This IS shown by the low
yield reductIOns of landraces and the higher yIeld reductIOns of Improved cultivars
with lImited water aVailabilIty In fact, selection should be practiced for both water
use efficiency and drought resistance To do thiS, physIOlogists must Identify
characters which wIll determme water-use effiCiency, especially those which can
be visually selected Characters that affect drought resistance should be determmed
and provided to the breeders Characters such as fewer tillers and leaves, leaf
roIlIng, long peduncle, waxy leaf coatmg, upnght leaves, or reduced number of
stomata, etc, should be mvestlgated to find out whether they have value or not
Breeders and phySiologists can then cooperate to Identify other morphological and
physIological traIts that Will enhance water-use effiCiency and drought resIstance

In terms of adaptation, the second Important Issue mvolves mlcro-nutnents,
especially boron tOXICIty and zmc defiCiency Accordmg to the results of a survey
carned out m generally dry areas, SOlIs contam an excess amount of boron The
effect of boron IS not great m normal years, but m dry years yield reductIOns occur
The effect of boron under dry and Irngated conditIOns IS bemg mvestlgated Zmc
defiCiency IS another problem expenenced under dry conditions Compared to the
boron problem, zmc defiCiency has only recently been conSIdered a problem Both
should be evaluated very carefully to solve the adaptation problem m thiS region

Table 6. Yield of selected lines from Turkish Durum Wheat Regional Yield
Trails (1993/94).
Var No AL BL CR HY ML YZ ES UL SM AV Avt
1 236 289 216 326 236 219 455 72 329 264 288
2 264 245 292 319 267 231 494 75 352 282 308
3 306 296 351 381 217 237 573 85 274 302 329
4 261 268 326 358 259 250 455 87 235 278 302
5 266 193 298 322 287 300 564 133 417 309 331
7 252 281 293 298 264 216 533 99 226 274 295
9 265 259 315 338 235 224 427 113 224 267 286
12 244 284 292 269 257 230 513 110 307 278 299
13 261 313 319 350 226 213 515 85 284 285 310
15 256 277 284 328 257 208 497 134 276 279 298
16 240 278 263 356 233 199 463 48 240 258 284
17 240 257 289 277 250 238 431 94 185 251 271
18 226 297 274 321 247 184 544 80 250 269 293
20 276 340 305 281 215 194 474 68 355 279 305
22 208 187 288 329 262 256 442 132 286 266 282
23 274 260 293 289 260 225 472 109 218 267 286

t Does not Include UL results
1-5 Checks 1 Kunduru 1149, 2 Qakmak 79, 3 Q-1252, 4 Klzlltan 91, 5 Gun 91 (bread

wheat cultlvar)
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In general, water-use efficIency, drought and cold resIstance, and mlcro-nutnents
must be consIdered together Current durum cu]tlvars Improved by the instItutes
and grown In the regIOn are Kunduru 1149, <;akmak 79, Klzlltan 91, and <;-1252
The latter are hIgh-yielding cultlvars <;-1252 has as much cold tolerance as
Kunduru-1149

As cold tolerance IS very Important In the central plateau, an extensive research
program has been initiated In collaboration With the ICARDA/CIMMYT durum
program In Aleppo The first year's results were qUite encouraging (Tables 6 and
7) USing these results a crossing block consisting of 57 entnes was prepared

Table 7. Yield of selected lines from Advanced Durum Wheat Yield Trial 51
(1993/94).
Var No

AL BL
1 238 280
2 262 245
3 282 255
4 238 228
5 269 207
7 251 302
8 318 290
11 249 296
18 264 323
20 268 307

CR
297
363
321
301
260
291
310
294
368
347

HY
325
272
272
298
342
282
369
308
333
310

Location
ML
222
250
202
152
253
291
273
234
324
256

YZ
211
216
243
229
263
230
245
126
204
166

UL
103
96

143
117
141
72

135
119
89
56

AV
240
243
246
223
248
245
277
232
272
244

Avt
262
268
263
241
266
274
301
251
303
276

t Does not Include UL results
1-5 Checks 1 Kunduru 1149, 2 (1akmak 79, 3 (1-1252, 4 Klzlltan 91, 5 Gun 91 (bread

wheat cultlvar)

The locatIOns of the cold and winter hardiness tests are Haymana (HY), Malya
(ML) and U]as (UL) The coldest IS Ulas, followed by Malya and Haymana
Altlnova (AL) IS used for cold and termmal drought testmg The remamder fall 10

between these extreme locatIons

In Ulas, <; ]252 (No 3) yielded as much as the bread wheat check Gun 91 (No 5)
Line No 8 also yle]ded as much as these two checks Kunduru 1149 (No 1) IS a
well known and wlde]y-grown vanety In the central plateau Some hnes yielded
better than Kunduru 1149 under all conditIOns, mcludmg cold and drought

The hnes selected from thiS tnal were also tested for quahty and Important diseases
10 the central plateau (Table 4) The results of the quahty tests are the averages of
all locatIOns Disease tests have been done 10 the field by Inoculatmg plants
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Durum Improvement Program in Libya
Soliman Sebai

Agncultural Research Center, Tnpoll, Libya

Abstract

Wheat gram accounts for 80% of the daily dIet m LIbya Local productIOn IS about
520,000 t, WhICh IS only half of the natIOnal demand Durum wheat IS grown
mamly m two major regIOns southwest of TnpolI m Jebel Nofosa and In the
eastern part of the country In Jebel EI-Akhdar Drought and heat are the maIn
IImItmg factors OngInally, Mahmoudl and Maghnbya were the domInant local
vaneties Later, MexicalI 75 was Introduced, and recently, MarjaWI, Baraka, and
Zorda The later three cultIvars have shown sIgmficant yIeld advantage On
average, MarjawI, Baraka, and Zorda outyleided the local check Mexicah 75 by 23,
19, and 12% respectIvely, WIth a yield advantage over Mahmoudl and Maghnbya
was over 50% CultIvars newly developed for drylands at ICARDA, such as Zahra
5 and Omrabi 5, show better yield advantages m the Libyan drylands

Introduction

Wheat IS the prmclple staple food m LIbya, wIth wheat products accountmg for
about 80% of the daily dIet In general, demand exceeds the local production of
about 520,000 t/year, and about thIS amount of durum wheat flour IS Imported to
cover the shortage Durum wheat IS grown In two major regIOns The first IS
located southwest of TnpolI m Jebel Nofosa, at an altItude of 700 meters, With
250-300 mm of ramfall The second IS located In the eastern part of the country at
Jebel EI-Akhdar, at an altItude of 800 meters, WIth 400-500 mm of ramfall These
regIOns are the most SUItable areas for durum productIon m Libya

In recent years durum productIOn has been affected by severe drought The barley
productIOn program currently dommates the major durum areas because of barley's
abIlIty to survIve m margInal ramfall regIOns of about 150-250 mm Barley also
has a dual purpose as It IS harvestmg III the dl) season as hay, or grazed dIrectly by
the farmers' flocks

Research Activities

In the early 1960s research actIVIty started on both durum and bread wheat,
focusmg mamly on yield improvement SelectIOn for drought, heat, and dIsease
resistance was also carned out The agncultural area In Jebel EI-Akhdar In the
eastern provmce IS approximately 250,000 ha, and the major crop m thIS area IS
durum The soils are red "terra rosa" clays
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PreCipitatIOn characterIstics are major factors affectmg crop productiOn Both the
amount and the distrIbution pattern of seasonal ramfall are of paramount
Importance for crop performance Annual ramfall m this regIOn IS varIable both
spatially and temporally This regIOn receives an average of 200-600 mm of
precipitatIOn annually PreCipitatIOn IS highest m the high altitude coastal area
(about 400 mm around EI-MarJ) and decreases sharply mland PrecipitatIOn
dlstnbutiOn IS charactenstIcally seasonal, With about 75% of the average annual
ramfall occurrmg from November to February, and about 15% m March and AprIl,
resultmg m mcreased mOisture stress durmg the late stages ofcrop development

Durum wheat IS by far the most Important cereal crop grown m the regIOn, and
under normal circumstances covers an estimated annual area of 120,000-150,000
ha Until the late 1970s, two durum cultIvars, Mahmoudl and Maghnbya,
dolOmated the varIety spectrum However, m 1978 an exceptiOnally dry season
resulted m almost total loss of sowmg seed from the traditIOnal cultlvars To fill the
VOId, seed of cultIvars Mexlcah 75, Cocont, Tanon, and Anahauac was Imported
from MeXICO Smce then, Mexlcah 75 had become the dommant vanety m the
regiOn Average gram yield obtamed by farmers from local varIeties IS 8-10 qx/ha
Yield has always been conSidered low There IS scope for Improvement m both the
cultlvar and the cultural practices adopted (Tables 1,2, and 3)

Durum research activity m Jebel EI-Akhdar m the western regiOn (Tables 1, 2, and
3) was mtenslfied by dlrectmg efforts towards durum germplasm mtroductIOn,
testmg, selectiOn, evaluatiOn, and promotion of supenor hnes and genotypes Each
year a conSiderable number of nurserIes from vanous sources (CIMMYT,
ICARDA, ACSAD) were grown, and supenor hnes were selected Selected hnes
then advanced m a progressive evaluatIOn and screenmg system m stages A, B, C,
and D At subsequent stages, the supenor cultlvars were evaluated at a number of
locations to ascertam theIr broad and speCific adaptations

Table 1. Average yield of durum cultivars in the western region (1991-1994).
Cultlvar
Mexlcah
Zahra 5
Baraka
Bohooth 103
Godwa

Yield (t/ha)
39
46
52
53
57

Percent check
100
118
133
136
146

Konfla, Cham 3
M(CPE-GZxTC3/BYETC)

Chen
Clnamon-bursa

Table 2. Best durum cultivars in Maghreb Yield Trial.
Zone Cultlvar
West Cham 3, Vltron, Chen/Altar 84
East Cham 3, Waha, Sahel
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Table 3. Average grain yield of durum cultivars, Khoms Station (1991-1993).
Cultlvar Grain YIeld (kg/ha)

Local
Baraka
Gara
Godwa
MarJawe
Mexlcall
Zorda
Aglall Edeeb (Iandrace)

Bohoth 101
Bohoth 103
ACSAD65

ACSAD299
Omrabl5
Zahra 5
Zahra 9
Zahra 1

Released

Promising

540
480
420
390
380
360
460

430
500
480

550
480
460
440
460

As a result of this program, three durum lInes with a consistently dlstmct advantage
m yield abilIty, were released under the names of MarJawI, Baraka, and Zorda
Despite considerable variatIOn m annual ramfall over a number of seasons, and
wlthm seasonal dlstnbutlon patterns, the three cultlvars have mamtamed their yield
advantage over the local check (Table 1) On average MarJawI, Baraka, and Zorda
outylelded the local check Mexlcah 75 by 23, 19, and 12%, respectively, while
their yield advantage over the conventIOnal culttvars Mahmoudl and Maghnbya
was more than 50%

A study companng the cultlvars formerly grown m the area (Mahmoudl and
Maghnbya) with newly developed cultlvars was conducted over five years The
physIOlogical aspects of yield vanatIon were mvestlgated to gam a better
understandmg of vanetal adaptatIOn and performance This study confirmed the
supenor gram yield of the new cultlvars compared to the traditIOnal ones This
supenonty IS accounted for mostly by higher harvest mdlces m the newly
developed cultlvars

The new cultlvars generally have larger heads, more numerous gram, and/or larger
gram (Tables 2 and 3) They mature much earlIer and are shorter m stature

Cooperation

The agncultural research center programs are cooperatmg With the mternatlOnal
research centers such as ICARDA, CIMMYT, and the NARSs of the Maghreb
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countrIes, by exchangmg germplasm, partlclpatmg m travelmg workshops,
trammg, sCIentific VISItS, and consultmg wIth experts at these centers More
progress has been made wIth the Maghreb countrIes by exchangmg specIfic
nurserIes and conductmg mutual experIments to develop hlgh-YIe1dmg cultlvars
tolerant to prevalhng envIronmental stresses Promlsmg results have been obtamed
through thIs collaboratIOn However, more support IS reqUired to upgrade durum
program m LIbya, partIcularly trammg m the varIOUS dlsclplmes
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Durum Breeding and Utilization in Egypt
Enayat H. Ghanem

Director, Wheat Research Department
Field Crops Research Institute, ARC, Giza, Egypt

Abstract

Wheat gram has been the staple food m Egypt for more than 7,000 years Durum
has a long traditIon m the Egyptian diet It is used ill the local bread (shamsz) and ill

tradItional meals (fnke, burghul, and couscous) Total annual pasta consumptiOn is
about half a mIlhon tonnes The Sohag mIllmg factory can produce about 50,000 t
of semolma per year The rest is imported from Turkey, Italy, Greece, and the
USA The hlgh-yieldmg durum vanetIes m Egypt produce about 100,000 t/year,
wIth an average of 65 t/ha from 15,000 ha The extracted flour could be used to
improve local bread Durum IS popularly known as dakar Early work concentrated
on selectiOn from local matenal Dakar 49 and Dakar 52 were selected Work on
durum improvement has been carned out for the last 30 years However, the lack of
a durum processmg mdustry, partIcularly milhng, has hampered durum adoptiOn
and productiOn m Egypt Despite thiS constramt, four improved durum vanetIes
(Sohag 1, Sohag 2, Sohag 3, and Bem Sueif I) had been released by 1991 Under
the margmal enVIronments of Upper and Middle Egypt, the Irngated desert, and the
ramfed areas, drought and heat stress, low soIl fertlhty, and sahmty are the mam
abiOtiC stresses The three common rusts, powdery mlldew, aphids, and BYDV are
the mam biOtic stresses There is a great potential for durum that could be explOited
by extensIve research ill both Irngated and ramfed areas Further efforts ai e needed
to explOit the full potentIal ofdurums m Egypt, espeCially under ramfed conditions

Introduction

In Egypt, wheat has mamtamed ItS role as the pnmary food crop for more than
7,000 years Moreover, itS straw is an important fodder Wheat yield has mcreased
gradually over the past four decades Wheat productiOn mcreased from 1 3 mli1lon t
ill 1950 to 1 9 milhon t ill 1980, but was far too low to bndge the food secunty gap
The goal of natiOnal self-sufficiency ill wheat has been hmdered by several factors
Exaggerated mcreases m wheat uti1lzatiOn have occurred due to heaVily subSidIzed
bread pnces that result m greater per capita consumptiOn (200 kg/year) ExtensIve
waste has occurred as bread was fed to chIckens and hvestock Further, an annual
populatiOn growth rate of 2 1% between 1965 and 1980, and of 2 6% ill the 1980s,
was not matched by a SImilar mcrease m wheat productiOn Thus, natiOnal
productiOn met only 70% of need m 1960 and 21 % ill 1985
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Therefore, mcreasmg wheat production IS an Important national goa~ necessary to
reduce wheat Imports, save foreign currency, and provide enough food to meet
mcreasmg domestic demand To face these challenges, an aggressive research
program has worked to Improve genetic potential, develop new productIOn
systems, and mtroduce wheat to new areas It was anticipated that high and stable
wheat yield could be achieved If the emphasIs was directed tONards solvmg the
problems of non-availablhty of approprIate vanetIes, poor agncultural practices,
poor water management, shortage of mtrogen fertlhzer and other major and mmor
elements, late plantmg, and aphid and disease mfestatlOns

Increasmg food demand has led to mcreased cultivatIOn of wheat under marginal
conditions, where drought resistance and heat tolerance are major breedmg
constramts EnVironments With drought and heat stress make up about 80,000 ha
along the northwest coast, about 6,000 ha m the New Valley, and about 220,000 ha
m the governorates of Upper Egypt Salmlty IS also a problem on about 30% of the
cultivated area m Egypt

Smce the 1970s, wheat research at the natIOnal level has frequently been based on
the premise that mcreasmg productiVity IS a must to reduce the gap between
productIOn and consumptIOn However, thiS view IS far too slmphstlc By careful
plannmg of the research and development agenda, It IS possible to target the
development process towards certam components of higher productiVity to meet
specific predetermmed objectives New technologies Imked With the green
revolution help stimulate Egyptian breeders to make marked efforts to attam high
productiVity These new methodologies are based on a multldlsclphnary, team
strategy

Thousands of vanetIes and/or accessIOns have been mtroduced from several
mternatlOnal centers (CIMMYT, ICARDA, FAO) They have been screened for
adaptatIOn to the Egyptian enVIronment Types With deSirable charactenstlcs and
good yield potential have been Identified ThiS approach has allowed Egyptian
scientists to define several semi-dwarf varietal types favored by farmers, provldmg
a source of well-adapted germplasm for current and future breedmg work
(AppendiX A) These new hlgh-Yleldmg varieties (NHVs) are charactenzed by a
stiff stem, reqUired for lodgmg reSistance, and an mtrmslc ablhty to use higher
levels of mtrogen fertlhzer to obtam high productiVity

Consequently, durmg the past 15 years, wheat cultivatIOn m Egypt has changed out
of recogmtlon Wheat gram yield per umt area and total wheat productIOn has been
on the nse smce 1987 (Table 1) The area under wheat mcreased from 600,000 ha
m 1987 to about 900,000 ha m 1992 Average gram yield mcreased from 4 6 tlha m
1987 to 5 5 tlha III 1992
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Table 1. Wheat area, production, and average yield (l9So-1992).
Total Area Average Yield Production
(million hal (t/ha) (million tonnes)

1980 0553 32 18
1981 0583 3 3 1 9
1982 0 572 3 5 2 0
1983 0550 36 20
1984 0 491 3 7 1 8
1985 0 494 3 8 1 9
1986 0 503 3 8 1 9
1987 0 572 4 7 1 8
1988 0 592 4 8 2 8
1989 0 639 4 9 3 2
1990 0745 55 40
1991 0819 48 45
1992 0 872 5 3 4 6

Average grain yield In 1991 and 1992 Includes the ralnted areas and New Lands

Table 2. National wheat output, imports, and consumption 1970-1992 (million
tonnes).

Production Imports Consumption Production
1970/71 1 5 28 37 330
1971/72 1 7 26 41 339
1972/73 1 6 25 43 345
1973/74 1 8 28 46 353
1874/75 1 8 32 49 361
1975/76 20 37 51 370
1976/77 1 9 33 54 379
1977/78 1 7 49 59 387
1978/79 1 9 52 64 399
1979/80 1 9 46 66 410
1980/81 1 9 57 71 431
1981/82 20 54 74 433
1982/83 20 56 77 445
1983/84 1 8 67 81 457
1984/85 1 9 63 81 470
1985/86 1 9 68 87 483
1986/87 27 72 99 499
1987/88 28 65 93 513
1988/89 32 70 100 528
1989/90 43 79 11 3 542
1990/91 45 66 11.1 556
1991/92 4.6 59 10.5 569
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These changes led to an mcrease in wheat self-sufficiency, which reached 43
percent m 1992 The change IS also reflected m wheat Imports, which reached a
maximum of 7 2 mllhon t m 1987 before droppmg to 5 9 mllhon t by 1992 (Table
2), despite the fact that both populatiOn and wheat consumptiOn have contmued to
mcrease

The modern HYVs have been widely adopted m about 70% of wheat areas
Farmers hke their high productivity and good agronomic charactenstlcs, and also
their high yield stablhty Over time, fanners are more mterested m yield stablhty
than m either absolute yield or wide adaptablhty

To regulate the alarming populatiOn growth rate, the natiOnal wheat program
(NWRP) IS mandated to mcrease average gram yIeld by about 25-30% by the end
of the century To accomphsh this major goal, the NWRP has the task of promoting
hlgh-Yleldmg vaneties coupled with the recommended cultural practices at the
farmer level throughout all areas under wheat cultivatIOn New hnes wIth higher
biomass, yIeld components, and harvest mdex, expected to boost gram yIeld per
unit area, are m the process of bemg released

Objectives of the Wheat Program

Combme hIgh-Yleldmg charactenstics with tolerance to biOtic and abiOtic
stresses

2 Use appropnate collaborative networks at the natIOnal and mtematiOnallevels
to test adaptation to different ecological condItions and dlssemmate promIsmg
genetic matenals

3. Develop economIcally Viable technologies that result m sustamable yield
mcreases

4 Participate m an effective technology transfer program to provIde extensiOn
agents and fanners With practical mfonnatIOn about achlevmg optimum wheat
yIelds

5 Improve and mamtam hlgh-quahty seed to serve at least 50% of the wheat area

Importance of Durum to the Economy

Durum has a long traditiOn in the Egyptian diet It IS an Important crop m Upper
and Middle Egypt It IS a dommant source of local bread (shamsl) and a major
component m traditional meals (fnke, burghul, and couscous) Pasta consumptiOn
IS estimated at about half a mllhon tonnes annually High-quahty bread wheat with
strong gluten makes up about a quarter of total consumptIOn The Sohag mill can
produce about 50,000 t of hIgh quahty semohna annually The rest IS Imported
from Turkey, Italy, Greece, and the USA HIgh-yIeldmg durum vaneties produce
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about 100,000 t/year, with an average 6 5 t/ha from about 15,000 ha (Table 3) In
the ramfed area (100-250 mm), durum, as well as bread wheat, has consIderable
yIeld potentIal (Table 4)

In 1994, the wheat area under ramfed condItIons was about 65,000 ha, a figure
which could be mcreased to 100,000 ha Several studIes mdICate that durum yield
could reach 1-2 t/ha under ramfed condItIOns In general, durum gram yield IS 5
10% higher than bread wheat 10 Egypt, with a prIce about 10% higher Importing
semohna or durum flour would be costly for the pasta mdustry, as these products
are almost twIce as expensive as bread wheat flour Therefore, growmg durum and
mtlhng It locally IS a good economic strategy

The food gap IS not gomg to dIsappear overmght However, It would be better If
Egypt were self-rehant 10 wheat productIOn Given an extractIOn rate of about 60%
for coarse and fine semolIna, about 75,000-100,000 ha of durum wheat has to be
grown annually to meet local reqUIrements for the macarom mdustry Not only Will
the quahty of the pasta be Improved, but the local bread mdustry may feel the
Improvement as well Down the road, surplus hlgh-quahty durum could be
exported at a good prIce, while the lower-prIced bread wheat could be Imported

Table 3. Average grain yield (t/ha) of durum compared to bread wheat
varieties grown in the farmers' fields (1989-93).
Variety Year

1989 1990 1991 1992 1993

414 461 409
471 54 497
509 557 545
531 608 522
562 596 521

571 558
536
466
519

Giza 155
Giza 157
Sakha8
Sakha 61
Sakha 69
Giza 163
Giza 162
Giza 164
Sakha 92
Benl Suelf
Stork
Others

583
398

547
508

63

408

5
563
533

582
607
557
554
595
618

403

29
574
584

606
577
538
558
675
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Table 4. Performance of bread and durum wheat (t/ha) under rainfed
conditions along the Northwest Coast.
Variety Season

1990/91 1991/92 one 1992/93 1993/94 one
ralnfed ralnfed suppl Irr ralnfed ralnfed suppl Irr

Bread wheat
Giza 155 048 065 1 1 079 019 064
Giza 160 07 1 5 07 1 1
Giza 162 06 1 4 061 021 074
Giza 163 065 1 3 075 1 03
Giza 164 057 1 2 064 092
Giza 165 05 1 1 057 024 064
Sakha8 048 066 1 3 066 021 066
Sakha69 063 08 1 4 069 021 073
Sahel 1 085 1 4 087 038 088
Gemmelza 1 079 1 3 085 031 082
Mean 053 069 1 3 0713 025 082

Durumwheat
Sohag 1 033 03 05 061 015 04
Sohag 2 072 1 4 066 016 067
Sohag 3 062 09 056 015 054
Bem Suelf 085 1 8 075 012 083
Mean 033 063 1 13 057 015 061
LSD (0 05) 022 065 013 005 022
PreCipitation (mm) 198 200 221 221 138

Impact of Durum Wheat Breeding

Durum IS popularly known as dakar, and has been grown m Egypt for a long tIme
Early research work concentrated on selectIon from local matenals, from which
Dakar 49 and Dakar 52 were developed In spite of their good adaptabilIty they
lack resistance to lodgmg and dIseases, are low Yielders, and have poor qualIty
Consequently, their cultivatlOn has generally dwmdled

Durum Improvement has made progress smce the 1960s, thanks to ongomg help
and cooperatIon from CIMMYT, FAO, ALAD, the Ford Foundation and, more
recently, ICARDA A number of screenmg nursenes, Yield nursenes (regIOnal and
mternatIonal) and segregatmg matenals have been supplIed for testmg under local
conditlOns People have been tramed, particularly m durum Improvement, m
mternatlOnal and regIOnal trammg centers at CIMMYT, ICARDA, and m Italy

At the same tune, the results of Jomt FAOIIAEA Umform Durum Mutant YIeld
Tnals and the InternatIOnal Durum YIeld Nursenes have contnbuted several
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outstandmg genotypes. The varietIes Brant "S," Anhmga "S," Garza, Cocont 71,
and Jon C-69 were among the lughest-yieldmg group over all locatIons However,
release of these supenor vanetIes has been surtal1ed due to lack of durum mIlling
factones At the same tune, wheat breeders contmue to unprove hlgh-Yleldmg
durum vanetIes wlth stable, lugh gram quahty ExtenslVe efforts have been dlrected
at unprovrng durum through coIlaboratlOns wlth CI:MMYT, ICARDA, FAa,
USDA, and the ICARDAI EEC NIle Valley ReglOnal Program (NVRP) wlth the
result that severallugh-Yleldmg durum vanetles have been released Four unproved
durum vanetIes (Sohag 1, Sohag 2, Sohag 3, and Bam Swelf 1) were released by
1991 (AppendlX A) Smce the 1970s, 306 pnmary and advanced Yleld tnals have
been carned out to evaluate about 1,700 durum genotypes under vanous Egyptlan
conmtlOns (Table 5) The durum checks exlublted slgmficantly hlgher gram Yield
than the bread wheat checks m tnals planted smce 1988 (Table 6) Two other
supenor durum Imes are m the process of reglstratlOn and seed mcrease

• Bem Suelf2 EntelMexl CD 8153-12M-3Y-4M-IY-OM

• Bem Suelf3 ConrlRufo CD 48693-1 OY-I M-Y-OM

Table 5. Performance of durum and bread wheat checks (t/ha) tested in
durum yield trials (1977/78-1987/88).
Tnal DW DW D-B D-B LSD

Check Means Check Means (t/ha) (%) (005)
D 1977/78 Strok liS" 478 Chenab 70 457 021 005 069
A 1978/79 Strok liS" 590 Giza 157 522 068 013 095
D 197879 Strok liS" 507 Giza 157 429 078 018 069
A 1979/80 Strok liS" 841 Giza 157 685 1 56 -023 080
B 1979/80 Strok liS" 642 Giza 157 491 1 51 031 080
D 197980 Strok liS" 559 Giza 157 472 087 018 075
A 1980/81 Strok liS" 855 Giza 157 711 144 02 1 34
B 1980/81 Strok liS" 650 Giza 157 588 062 011 063
D 1980/81 Strok liS" 559 Giza 157 492 067 014 070
A 1981/82 Strok liS" 570 Sakha69 60 -03 005 1 10
B 1981/82 Strok liS" 587 Sakha69 575 012 002
D 1981/82 Strok liS" 698 Sakha 69 712 -014 002 052
A 1982/83 Strok liS" 820 Sakha69 754 066 009 084
B 1982/83 Strok liS" 759 Sakha 69 759 045
D 1982/83 Strok liS" 763 Sakha 69 774 -0 11 001 023
A 1983/84 Bittern 631 Sakha69 564 067 012 075
B 1983/84 Bittern 617 Sakha 69 569 048 008 043
D 1983/84 Bittern 688 Sakha 69 700 -012 002 026
A 1984/85 Bittern 627 Sakha 69 556 071 013 066

(continued next page)
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[able 5 continued)
Tnal DW DW D-B D-B LSD

Check Means Check Means (t/ha) (%) (005)

B 1984/85 Bittern 469 Sakha 69 478 -009 002 051
D 1984/85 Bittern 572 Sakha 69 583 -0 11 002 035
A 1985/86 Bittern 698 Sakha 69 63 068 011 093
B 1985/86 Bittern 642 Sakha69 618 024 004 060
D 1985/86 Bittern 608 Sakha69 598 010 002 009
A 1986/87 Bittern 862 Sakha69 570 292 016 093
B 1986/87 Bittern 740 Sakha69 618 1 22 020 060
D 1986/87 Bittern 624 Sakha 69 583 041 007 034
A(L) 1987/88 Bittern 906 Giza 164 713 1 93 027 090
A(1) 1987/88 Bittern 680 Giza 164 651 029 005 095
B 1987/88 Bittern 660 Giza 164 600 060 010 058
D 1987/88 Bittern 524 Giza 164 503 021 004 040
A 1988/1989 Sohag 2 804 Giza 164 719 085 012 079
B 1988/1989 Sohag 2 753 Giza 164 727 026 004 1 11
D 1988/1989 Sohag 2 633 Giza 164 773 -1 4 -018 034
A 1989/1990 Benl Suelf 1 853 Giza 164 769 084 0
A(1) 1989/1990 Benl Suelf 1 868 Giza 164 698 1 7 024
B 1989/1990 Sohag 2 676 Giza 164 739 -063 -009 051
D 1989/1990 Benl Suelf 1 855 Giza 164 740 1 15 016 076
A 1990/1991 Sohag 3 694 Giza 164 631 063 01 066
B 1990/1991 Sohag 1 728 Giza 164 629 099 016 085
D 1990/1991 Benl Suelf 1 724 Giza 164 672 052 008 059
A 1991/1992 Sohag 2 810 Giza 164 758 052 007 063
B 1991/1992 Sohag 3 912 Giza 164 858 054 006 1 07
D 1991/1992 Bem Suelf 934 Giza 164 801 1 33 017 023
A 1992/1993 Sohag 2 801 Giza 164 02
B 1992/1993 Sohag 2 844 Giza 164 032
D 1992/1993 Bem Suelf 832 Giza 164
A 1993/1994 Bem Suelf 847 Giza 164 685 1 62 024 029
B 1993/1994 Bem Suelf 660 Giza 164 707 -047 -007 023
D 1993/1994 Bem Suelf 756 Giza 164 704 052 007 028
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Table 6. Performance (t;lha) of Egyptian durum wheat varieties in yield ttials
conducted under different environments (1988/89-1993/94).

Sohag 1 Sohag 2 Sohag 3 8enl 8enl 8enl LSD
Suelf 1 Suelf 2 Suelf3

A 1988/1989 785 804 728 603
81988/1989 637 753 727 695
D 1988/1989 617 633 640 614
E 1988/1989 691 665 640 677
A 1989/1990 719 721 723 853
81989/1990 619 676 688 673 680
D 1989/1990 805 823 809 855 803 675
A 1990/1991 577 685 683 705
81990/1991 728 633 703 710 728
D 1990/1991 638 699 715 724 746
A 1991/1992 761 810 794 790
81991/1992 761 783 826 808
D 1991/1992 813 891 890 934 867 990
A 1992/1993 8 01 817 794 759
81992/1993 790 808 843 799
D 1992/1993 651 699 660 671 606 603
D 1993/1994 486 523 594 660 590 596 031

Production Constraints Resolvable through Plant Breeding

In Egypt, most of the constramts of durum productIOn are a consequence of
cultivatIOn under margmal conditIOns (Upper and Middle Egypt, the lITIgated
desert, and ramfed areas) characterized by drought and heat stresses, unbalance m
SOIl fertilIty, and salInIty Termmal heat stress and water scarcity durmg gram
fillmg are the most common abiOtic stresses and have substantial effects on both
yield and qualIty stabilIty Low tIllermg capacity IS another constramt to maximum
gram yield Durum IS frequently attacked by the three common rusts, powdery
mildew, aphids, and BYDV These constramts reqUIre a research plan which
mcludes the followmg

A variety adapted especially for drought and heat stress

2 Plant types With appropriate rates of maturity

3 More effiCient fertilIzer and water use

4 High gram qualIty

5 Increased biomass, harvest mdex, and related yield components

6 Disease (rusts and BYDV) and msect (aphids) resistance
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Physical and Human Resources

Physical Resources

The wheat program IS Implemented through the wheat research sectIOn, FIeld
Crops Research InstItute, ARC The headquarters are m GIza, where the rust
greenhouse, aphId lab, and cytogenetIc lab are located ThIs program IS mvolved m
mterdlsclplInary work wIth other mstItutes such as Plant Pathology, SOIl and
Water, Plant ProtectIOn, and Food Technology CollaboratIon wIth extensIOn and
seed multIplIcatIon agencIes IS also ongomg

The program has fIve research statIOns the GIza headquarters, Sakha and
Gemmelza for the Delta, and Slds and Shandweel for MIddle and Upper Egypt,
respectIvely Supplementary research actIvItIes are carned out m Kom Ombo,
Mattana, and the New Valley m Upper Egypt, Mallawy and Fayoum m MIddle
Egypt, Nubana, El Kasr, and Smal for the ramfed areas, and IsmaIha and EI Serw
for the New Lands About 30 on-farm sItes are an mtegral part of the program

Each of the four mam statIOns consIsts of about 40 hectares About 2,000 ha are
used for basIc seed mcrease Durum research IS concentrated at the Slds,
Shandweel, and Mattana Research StatIOns Ramfed research for durum IS located
at Nubana, Matrouh, and SmaI

Human Resources

The Wheat Research SectIOn mcludes about 80 sCIentIsts and technIcal assIstants,
among whom about 25 are PhD holders Among the PhD holders, only five
concentrate on durum Improvement

Network Activities

The program collaborates wIth CIMMYT and ICARDA for the exchange of
matenals, mfonnatlOn, and staff educatIOn and trammg However, collaboratIOn
needs to be extended to other North AfrIcan countrIes, Turkey, and Syna The NIle
Valley Research Program has organIzed an excellent network mvolvmg NIle
Valley countnes m several actIvItIes such as rust, aphId, BYDV, WUE, heat stress,
and SOCIOeconomIc studIes ThIs could be expanded to mclude a durum network
managed through ICARDA m collaboratIon wIth CIMMYT ThIs IS an effectIve
and attractIve means of smooth collaboratIOn wIth eqUIty among partlclpatmg
countrIes It would also help the mfonnatlOn flow and mteractlOn among countnes
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Current Breeding Efforts

• Breedmg for water-use efficiency (Nubana, IsmaIlm, and Shandweel)

• Breedmg for heat tolerance (Shandweel, Mattana, Kom Ombo, New Valley)

• Breed10g for high yield and quahty (Slds, Shandweel, Nubana)

• Breed10g for dIsease and aphids (GIza, Shandweel, Sakha)

• Breedmg for bIOmass and yIeld components (Slds, Gemmelza, Nubana)

• Breedmg for adaptablhty under ramfed condItIOns (Nubana, Matrouh, SmaI)

Because of the tetraplOId nature and narrow avaIlable genetic vanablhty 10

Improved cultIvars, Improvmg durum IS not an easy task However, tremendous
effort has been exerted to develop the crop In general, research focuses on
mamtammg yIeld stablhty The yIeld stablhty of the Improved vanetles must be
mcreased by mcorporat1Og reSIstance to bIOtic and abIOtiC stresses

Yield Stability through Disease and Insect Resistance

The most common diseases 10 Egypt are the three fungI WhIch cause stem, leaf, and
stnpe rusts Aphids cause severe economIC losses, espeCIally m terms of the
transmiSSIOn of barley yellow dwarf ViruS Vanetal reSIstance to these biotic
stresses IS essential for yield stabIlIty Efforts have been made to develop
germplasm WIth better tolerance to disease Donors With the reqUisite level of
reSIstance have been Identified and used 10 resistance breedmg Data about
phYSIOlogical race IdentIficatIOn, Virulence analySIS, epidemIOlogy, and yIeld losses
due to rust have been complIed A senes of surveys was carned out m Egypt,
Sudan, EthIOpia, and Yemen to pool actIVItIes and to faclhtate collaboratIOn With
1OternatIOnal centers such as CIMMYT, ICARDA, USDA, and FAO The surveys
IdentIfied four stem rust reSIstance genes (Sr5, Sr9d, Sr26 and Sr36 [Tt- I]) and two
leaf rust resistant genes (Lr23 and Lr24), which are common to the regIOn

Studies on populatIOn dynamiCs of aphids and their natural enemies 10 Upper and
Middle Egypt found that the hIghest populatIOn of aphids and other parasites
occurs 10 March, while that of predators occurs 10 Apnl Screen10g of wheat hnes
agamst an aphid (Rhopaloslphum padl)mfestatIOn found one reSIstant and three
moderately-resistant lInes With hIgh yIeld potential under aphId mfestatlOn
Screenmg for resistance agamst Schlzaphls grammum 10 some wheat hnes and
Aegllops species revealed 13 resistant wheat lInes and four Aegzlops acceSSIOns
Screemng for BYDV resistance usmg the ELISA techmque combmed With yield
loss estImates found twelve tolerant wheat lInes
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Breeding for Water and Nitrogen-Use Efficiency

Increasmg producttvity per UnIt of both water and nItrogen IS vital under margmal
conditIOns Research has been orIented toward Identtfymg germplasm which IS an
efficient user of water and fertilIzer Research to mcrease productiVIty per umt of
nItrogen wIll give parallel Improvement m producttvity per UnIt ofwater

Modification of Plant Type

Smce the green revolutIOn, the modificatIOn of plant types has resulted m quantum
Jumps m the yIeld potenttal of field crops Yield IS a functton of total dry matter
and harvest mdex Therefore, yield can be mcreased by mcreasmg eIther the total
bIOmass and/or the harvest mdex and related yIeld components The low tdlermg
capacity of durum and the pleIOtropIc effects associated wIth low ttllerIng m cereal
could substantIally mcrease gram Moreover, m low-tillenng genotypes, the
development of unproductive tillers IS suppressed

Developmg Improved VarIetIes WIth shorter growth duratIOn IS essentIal Such
genotypes could be useful m aVOIdmg major stresses dUrIng gram fillIng, and are
good for crop mtensificatIOn Therefore, genotypes that are not photopenod
senSItIve should be selected

Conclusion

The area planted to wheat mcreased from about 500,000 ha m the mId 1980s to 1
mIllIon ha 10 1994 Average gram yIeld mcreased from 3 7 to 5 3 t/ha 10 1992
Wheat productIOn rose from 1 8 t04 6 mIllIon t

In the ramfed areas, durum has proved ItS superIorIty, as has bread wheat In 1994,
about 65,000 ha were planted to wheat under ramfed condItIOns ThiS can be
mcreased to 100,000 ha Several studIes show that durum yIeld could reach 1-2
t/ha under ramfed conditIOns

In conclusIOn, despite current progress m durum Improvement, further efforts are
needed to make use of the full potenttal of durums m Egypt, especially under
ramfed condittons In thIS connection, collaboratIOn needs to be extended to mclude
other North Afncan countnes, Turkey, and Syna for the enhancement of
germplasm and mformatlOn exchange
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Appendix 1. List of the wheat cultivars released by the Wheat Research
Department during the last 70 years.
Cultlvar Crosses and pedigrees Year Yield

(t/ha)
Bread wheat

HlndlD Selected variety 1920-1950 1 0
Hindi 62 Selected variety 1920-1950 1 2
Mabrouk Selected variety 1920-1950 1 2
Mokhtar Selected variety 1920-1950 1 3
Giza 135 Selected variety 1920-1950 1 5
Tosson Selected variety 1920-1950 1 7
Giza 139 Hindi 90/Kenya B 256 1947 22
Giza 144 Regent/2* Giza 139 1958 26
Giza 145 Hindi 62/Mokhtar 1958 24
Giza 146 Hindi 62/Mokhtar 1958 24
Giza 147 Hindi D/New Thatcher 1958 30
Giza 148 Regent/2* Mokhtar 1959 32
Giza 150 Mlda-Cadet/2* Giza 139 1960 33
Giza 155 Regent/2* Giza 139// Mlda-Cedat/2* Hindi 62 1968 40
Giza 156 RloNegro/2*Menatane//Kenya/3/2* Giza 1972 42

135/llne 950
Super x PenJamo "S"/GB 55 1972 61
Mexlpak 69 PenJamo "S"/GB 55 1972 58
Chenab 70 C 271//Wlllet dwarf/Sonora 64 1973 50
Giza 157 Giza 155//Plt 62 lR64/3/lR64/3/Tzpp/Knott 1977 51
Giza 158 Giza 156/7C 1977 44
Sakha8 Indus/Norteno "S" PK 3418 1977 47
Sakha 61 Ima/Rl4220//7C/yr "S" 1980 56
Sakha69 Ima/Rl 4220//7C/yr "S" 1980 60
Giza 160 Chenab 70/G155 1982 53
Sakha 92 Napo 63/lma66//Wern "S" 1987 57
Giza 162 Vcm//Cno67 "S"/7C/3/KaI/Bb 1987 60
Giza 163 T aestlvum/Bon//Cno/7C 1987 63
Giza 164 Kvz/Buha "S"//Kal/Bb 1987 53
Giza 165 B W Cno/Mfd//Man "S" 1991 63
Gemmelza 1 Maya 74 "S"/On//1160-147/3/ Bb/Gall/4/Chat "S" 1991 65

Durumwheat
Baladl116 Selected local variety 1921-1950 23
(T pyramIdale)
Dakar 49 Selected local variety 1921-1950 24
Dakar 52 Selected local variety 1921-1950 25
Sohag 1 Gdo vz469/Jo "S"//61 130-lds 1977 67
Sohag 2 Cr "S"/Pelicano//Cr "S"/G "S" 1987 66
Bem Suelf 1 Jo "S"/AA "S"//FgIS" 1987 59
Sohag 3 D W Mexi "S"/Mgh/51792//Durum 6 1987 60
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Durum Breeding in France
Fran~ois Kaan

INRA UFR GAP, Montpelller, France

Abstract

High prIces and mcreasmg durum pasta consumption m Europe have had a positive
effect on durum area, production, gram quahty, processmg mdustrIes, and export m
France However, the drastic reduction of both prIces and financial subSidies m
1992, as a result of the European AgrIcultural Pohcy (EAP), has hmlted durum
areas to the southern part of the country, where 64% of the durum IS harvested
ThiS area IS charactenzed by moderate drought stress The gram yield of durum m
France IS about 20% lower than that of bread wheat Consumers now prefer easy
to-prepare and easy-to-store pasta, precooked couscous products, and the healthy,
slow-to-metabohze carbohydrates of durum products Average consumption of
pasta and couscous products IS about 7 kg/person per year Quahty research deals
mamly With (I) reducmg brown endosperm coloratIOn, (2) stablhzmg kernel
protem content at about 13 5% and ehmmatmg low molecular weight glutemn
subumt I genotypes, related to weak gluten, (3) reducmg blackpomt affectIng
perIcarp leadmg to black specks m pasta products, (4) reducmg kernels affected by
yellow berry, related to low semohna Yield, and (5) mamtammg the high level of
yellow pigment obtamed m French cultlvars The semolma and pasta mdustnes are
demandmg (l) durum gram With high durum protem content-a desirable trait
when high temperature drymg processmg IS used, and (2) durum vanetles With
alleles codmg for durum storage protem umts (45 ghadm and LMW 2 glutenm),
related to cooked-pasta quahty In addition to the relatIOn between LMW 2 glutenm
and cooked-pasta quahty, Glu Al HMW I has now been mcorporated mto the
breedIng matenal The potential positive effects of other alleles are under
mvestlgatlOn The SDS sedimentatIOn test IS a Simple and rapid techmque
However, It depends on protem content, vltreousness, and mllhng apparatus
Mllhng kernels mto smaller particles mduces higher SDS sedimentation ratIngs
Farmograph evaluatIOn parameters are under study to obtam a better prediction of
cooked-pasta quahty The vlscoelastograph apparatus IS also used on dned and
cooked pasta, whIle a method derIved from the alveograph IS used on cooked fresh
pasta The French vanetles Mmodur and Armet have high values for yellow color
parameters Most of the landraces and vanetles from Northern Afnca, Italy, and the
Ibenan Penmsula are low m carotenoid content (2-5 ppm) The vanetles and
landraces from the former USSR, USA, and Canada are much better (about 8 ppm)
Recent, promlsmg breedmg hnes are nearmg 15 ppm Studies on carotenOids and
brown endosperm components (peroxydases and polyphenoloxydase) are given
high pnonty Blackpomt of pencarp can be obtamed under water-soaked, abiotiC
conditIOns In relatIOn With cell wall or membrane damage and
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decompartImentation Leaf rust, fusanum, powdery mIldew, septona, soIl-borne
wheat mosaIC VIruS, and Heterodera avenae nematode are the maIn dIseases
FusarIUm affects the plant from seedlmg stage to matunty, and there IS no relIable
source of tolerance SpecIal seed dressIngs are necessary for better control of plant
populatIOns About half of the French vanetIes are susceptIble to the vanous leaf
rust pathotypes In the southeastern, typIcally MedIterranean, regIOn, pathotypes
are more speCIalIzed on durum than on bread wheat ReSIstance bred In
southeastern France (Ardente, Ixos, and Dunac vanetIes) are relatIvely satIsfactory
throughout the country The foreIgn matenal IS generally susceptIble to local
pathotypes Tolerance to water stress dunng headmg was found to be lower for
durum than for bread wheat, In contrast, good tolerance dunng graIn fillIng was
observed, due to the abIlIty to yIeld large VItreous seeds (related to large awns)
under such condItIOns Recent results suggest that osmotIC adjustment dunng the
cycle IS related to yIeld stabIlIty There IS much more vanabIlIty for tIllermg abIlIty
In durum landraces and related tetraplOId speCIes than In commercIal vanetIes
Durum frost reSIstance IS low despIte the recent advances of French vanetIes
(TeIedur, Durelle) PopulatIOns segregatIng for genetIC male stenlIty, developed
from the ongInal durum populatIOns of western plant breeders, are under study for
aegIlops and tetraplOId wheat IntrogressIOn The IntrogressIOn of broad-based
InterspecIfic and Intergenenc vanabIlIty neceSSItates the use of genetIc and
molecular markers to recover the deSIred traIts m the durum background

Introduction

Durum productIOn In France started more than 30 years ago The relattvely
attractIve mImmum pnces of the European Commumty and mcreasmg durum pasta
consumptIOn In Northern Europe stImulated durum crop development, whIch
peaked at 480,000 ha and 2 4 mllhon t In 199 I ThIS development was made eaSIer
by the Improvement of French durum qualIty, whIch played a role In mcreased
transformatIOn and export of durum and semolIna towards Northern Europe and
Italy The radIcal change of the European Agncultural PolIcy m 1992 has
completely changed the amount and regIOnal dIstrIbutIOn of French durum, causmg
a drastIC reductIOn of wheat pnces and finanCIal SubSIdIes mvolvmg a maXImum of
180,000 ha, lImIted to the south of the country The consequences on French durum
acreage and productIOn were ImmedIate In 1994, 228,000 ha were sown and I
mIllion t harvested, compared WIth 4 3 mIllIon ha and 29 mIllIon t for bread wheat
Europe became an overall Importer of durum, partIcularly from Canada In 1994,
64% of French durum productIOn was under MedIterranean ramfed condItIOns WIth
moderate drought stress (more than 600 mm of preCIpItatIOn) Some 46,700 ha
were grown m the central regIon under ramfed but more mtensIve condItIOns The
genetIc productIOn potentIal of durum m France IS conSIdered to be about 20%
lower than for bread wheat (Kaan 1993) ThIS gap WIll not be easIly lessened, due
to genetIC progress m bread wheat Vanous genettc factors relate to thIS handIcap,
smce-In addItIOn to ItS tetraplOId nature-the narrow baSIS of current durum
genetIC vanabIllty WIll not be eaSIly overcome

73



Durum consumptIOn IS slowly growmg, due to consumer changes m favor of easy
to-prepare pasta and precooked couscous products The Importance of slowly
metabolIzed sugars m durum products for the modern diet IS now taken Into
account by consumers Moreover, pasta products are easy-to-store and relatively
cheap Average consumptIOn of pasta and couscous products IS about 7
kg/person/year More than 500,000 t of durum wheat are milled each year In
France, producIng 450,000 t of semohna Some semolma IS exported The French
pasta mdustry produces about 280,000 t/year, which are completed by 100,000 t of
prmclpally Itahan pasta products France IS an Important durum and semohna
exporter, although the country does, however, Import pasta products

Durum gram transformatIOn IS maInly for semolIna productIOn and pasta makIng
Two leadmg groups (Danone-BSN and Skalh-RlvoIre et Carret) have for many
years controlled the mdustry, handlIng more than 60% of the semohna and pasta
The CRECERPAL laboratory of Marseilles (Danone-BSN) performs quahty
control and research analySIS for the breedmg programs The techmcal mstItute of
French cereal growers conducts trIals on agronomic practices and VarIeties, With
emphaSIS on the relation between plant production and enVIronment

The pubhc research Institution, InstItut National de la Recherche Agronomlque,
works on genetic and breedmg populatIOns of durum m a cereal research group
Work on the phySiological traits of adaptatIOn to stress, and on the technology and
bIOtechnology of durum quahty, IS carrIed out mamly m the MontpellIer center SIX
breedIng compames (BenOIst, Desprez, GAE, RAGT, Semences de Provence, and
Verneud) have workmg on durum for more than 10 years These Institutions have
been grouped smce 1983 m the GIE Ble dur association With the help of the
MInistry of AgrIculture, they conduct research on germplasm, advanced lines,
agrophyslOlogy, and quahty CrIterIa methodology The target IS the development of
quahty durum varIeties adapted to French environmental conditions

Breeding Objectives

A general agreement between the seed mdustry, the growers, and the processmg
mdustry has set the followmg breedmg prIorIties

Quality

• Reduce brown endosperm coloratIOn

• Stablhze kernel protem content around 13 5% and ehmInate low molecular
weight glutenm subumt 1 genotypes With weak gluten

• Reduce blackpomt affectmg perIcarp leadmg to black specks m pasta products

• Reduce yellow berry, related to low semolma yield

• MamtaIn the high level ofyellow pigments obtamed m French cultlvars
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Disease Resistance

• Leaf rust

• FusarIum, powdery mIldew, and septorIa

• SoIl-borne wheat mosaIC VIruS and Heterodera avenae nematode

Yield Stability Factors

• Water stress tolerance and related yIeld components

• Cold stress tolerance

State of Durum Breeding in France

Breeding for Quality

QualIty IS a prereqUisIte for durum production If qualIty IS not present the lower
production cost and hIgher yIeld of bread wheat could lead to the SubstItutIOn of
bread wheat and a preference for better-qualIty durum Imports ThIS actually
happened after the mtroductIon of the lower-qualIty varIety m the 1970s, WhICh
was rejected by the mdustry after a rapId mcrease m acreage The semolIna and
pasta mdustries are clearly askmg that the qualIty standards for pure durum pasta
products, defined legally m France m 1934, be followed

Protein Content

Protem content IS dIrectly related to pasta qualIty Moreover, a stable phenotypIc
and pOSSIbly genotypIc negatIve correlatIOn between protem content and yellow
berry (soft, starchy endosperm) related to low semolma yIeld has been observed
However, thIS traIt IS dIfficult to breed due to vanous factors Research shows that
hIgh durum wheat protem content IS not a stable characterIstIc Many studIes
mdlcate, conversely, that protem content IS a complex genetic trart governed by
polygenIc quantitatIve factors There IS no complete agreement between mdustry,
breeders, and growers about protem content prIonty Due to the development of
hIgh-temperature drymg processes, the pasta mdustry IS presently askmg that
protem content receIve more emphasIs than protem quahty Some breeders and
growers conSIder that mcreasmg protem content IS expensIve because of the
negative correlatIOns wIth YIeld, fertIlIzer cost, and pollutIon Genetic advances m
protem quahty could be easy to obtam and compensate for relatIvely low protem
content Much depends on the comparative rates of genetIC advances
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Protein Quality

InvestigatiOn and use of alleles codmg for storage protem m durum germplasm IS
carned out to Improve cooked-pasta quahty The first correlatIOn between a storage
protein unit (y-ghadm 45) and wheat quahty was dtscovered at INRA (Damldaux et
al 1978) m durum (INRA and GIE Ble dur) All vanetles presently grown m
France have the 45 ghadm LMW 2 glutemn subumt type Other rare alleles are also
related to pasta quahty Convergent results mdlcate that the SDS sedimentation test
can be Improved usmg these newly mtroduced, rare alleles (Branlard et al 1989)
from genetic resources An example IS Glu Al HMW 1 (Kaan et al 1993, Claffi et
al 1991, Blanco and de Glovanm 1995), which IS now mcorporated mto the
breedmg matenal Potential posItive effects of other alleles are under mvestlgatlon
The SDS sedimentation test IS a Simple and rapid techmque (QUIck and Donnelly
1980, Dexter and Matsuo 1980) It IS somewhat dependent on protem content, and
possibly on the vltreousness of the kernels and the mlllmg apparatus MIllmg
kernels mto smaller particles could mduce higher SDS sedimentatIOn rates
However, good reproduclblhty of SDS rates compared with protem was found
Farmograph evaluation parameters are under study to Improve predictIOn of
cooked-pasta quahty for the breeder The present French registration system uses
the vlscoelastograph apparatus on dned- and cooked-pasta samples This excellent
method IS not usable m breedmg laboratones, and the French pasta mdustry
laboratory IS usmg a method derived from the alveograph on cooked-fresh-pasta
samples

Product Color

Research has been very frUItful m terms of sCientific advance and vanetal
Improvement Some recent French vanetles (Mmodur, Armet) are outstandmg for
yellow color parameters, and French high yellow endosperm IS grown mother
European countnes Landraces and other vanetles from Northern Afnca, Italy, and
the Ibenan Penmsula are typically low m carotenOId (2-5 ppm, AACC) The
vanetles and landraces from the former USSR, the USA, and Canada are much
better (about 8 ppm) Recent, promlsmg breedmg hnes are neanng 15 ppm
CarotenOlds, brown endosperm components (peroxydases and polyphenoloxydase),
are under study m pubhc and pnvate sector breedmg programs Blackpomt of
pencarp can be obtamed under water-soaked, abiOtic conditions m relation with
cell wall or membrane damage and decompartlmentatlon (Kaan et al 1993, 1995,
Regmer 1994)

Breeding for Disease Resistance

Fusarium affects plants from seedlmg to maturity. Special seed dressmgs are
necessary for better control of plant populatIOns. We have no reliable sources of
tolerance Powdery mildew and Septarza trltlel are also Important. The worst
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epidemics are related to brown rust disease in all regIOns About half the French
vanetles are susceptible to the known pathotypes From the breeder's pomt of
View, there are three malO regIOns of pathotype reactIOn m France, based on
multI]ocal and p]unannual eva]uatlOn networks In the central regIOn, the prevalent
pathotypes are vlru]ent on some bread wheat genotypes and less so on durum In
the southeast, some pathotypes are more specific to durum and less aggressive on
bread wheat Other pathotypes may occur m the southwest ReSistance bred m
southeastern France (Ardente, Ixos, and Dunac vanetles) has been relatIvely
satisfactory throughout the country for some years Foreign matenal IS generally
susceptlb]e to local pathotypes

Yield Component Breeding

TIllenng of French and Mediterranean vanetIes IS mfenor to standard bread-wheat
cultlvars This trait IS partially compensated by supenor kernel weight Spike
fertilIty IS comparable (Kaan ]993, ITCF techmcal mstItute results) TllIermg
abilIty among genetic resources for durum and neighbor tetrap]old species vanes

Breeding for Abiotic-Stress Tolerance

Despite recent advances m French durum vanetles (T616dur and Durelle), frost
resistance IS mfenor to standard bread wheats This problem IS, however, lImited to
the central regIOn Water stress tolerance durmg headmg 10 durum IS mfenor to
bread wheat (INRA and ITCF studies) Durum dlsp]ays better resistance to water
stress durmg gram fillIng than other cereals, with the charactenstIc abilIty to yield
large vitreous seeds under such conditions ThiS may be related to awn features
Recently, extensive physlologICa] and genetic work has been carned out m
collaboratIOn with Mediterranean mstItutes Studies on morphologlca],
phYSIOloglca], and blochemlca] stress-adaptatIOn factors have been led by INRA,
MontpellIer Recent results suggest that osmotic adjustment durmg the growmg
cycle could be related to attammg the deSired trait, I e yield stabilIty

New Breeding Tools and Prospects of Genetic Advances

Interspecific and Intergeneric Crosses and Broad-based Populations

The development of m vztro culture methods offers new pOSSibilIties for Wide
crosses Our umt IS startmg to buIld up mtrogressed populations with new disease,
stress toleranc~ and other quality factors. Popu]atlons segregatmg for genetic male
sterIlity are bemg developed usmg ongma] durum populations from western plant
breeders They are presently bemg studied for aegIlops and tetraplOid wheat
introgresslOn. After a recombmatIOn period, the introgression of broad-based
interspeCific and intergenenc vanabllIty reqUIres the use of genetic and molecu]ar
markers m order to recover the desired traits (marker-assisted breedmg)
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Intergeneric and Wide Crosses for Gynogenesis and
Haplodiploidization

Much progress has recently been made 10 vanous laboratones and to France ThIS
progress IS reviewed by Coumans and Fernandez (thIS volume) and Coumans et al
(this volume)

Drought Stress

The analysIs of physIOloglcal-genetIcal traIts related to stress adaptatIOn IS carned
out 10 cooperatIOn WIth other Mediterranean mstItutes and SCIentists (Monneveux et
al 1995, RekIka and EI HakImI et al 1995)

Conclusion

More than ever, the development of biotechnologIcal tools such as cell biology and
m vitro culture techmques, molecular markers, and transformatIOn applied to
durum breedmg, reqUIres an efficient network French researchers and the seed and
pasta mdustry want to tocrease cooperatIOn for vanous reasons, some of WhICh are
trivial

• It IS presently dIfficult to raIse support for cereal research from the European
Dmon due to past overproduction

• Pnvate breeder activity IS dependent on certIfied seed
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Abstract
Durum IS cultivated on about 0 6 mJlhon ha In Spain This IS a drastic Increase
from the 1990 area, and IS due to European Commumty Subsidies for traditIOnal
growing areas Durum IS cultivated In Spain In two main zones the southern
(Andalucia and Extremadura) and northern (Aragon) The varietal structure of this
species has changed over time Mexa, which was cultivated on more than 80% of
the area durmg the mld-1980s, has been replaced by Vltron and Jabato In the south,
and by Anton In the north More than 700 local landraces of Triticum turgldum
subsp durum and subsp turgldum, Spamsh forms of T turgldum subsp dlcoccon
and even some T turgldum subsp polomcum were evaluated for morphological,
agronomlcal, and gram quality The bIOchemical charactenzatlOn Included
eletrophoretlc analySIS of different Isoenzymatic systems and the study of the
composItion of seed storage proteins The aSSOCiatIOn between -y-glladm and hlgh
and low molecular weight glutenin subumts (HMW and LMW), and gluten
strength was analyzed Linkage relatIOnships and genetic distances between the
different prolamm genes were determined Moreover, the effect on gluten strength
of glladm genes and low relative molecular mass (Mr) glutenin subumt genes were
studied Breedmg programs are run m Spain by pubhc institutIOns and private
compames As the country IS divided mto autonomous regIOns, separate durum
breeding programs are currently conducted by groups at L1elda, Madrid, BadaJoz,
CadiZ, and Zaragoza All have Incorporated wheat from ICARDA/CIMMYT m
their programs, and smce this germplasm generally shows very good adaptation,
some groups use these materials exclUSively Spamsh durum landraces were
mcluded m crossing blocks to mcrease genetic dIVerSity A small durum breeding
program fOCUSing on quality IS bemg carried out at the School of Agriculture at the
Polytechmc Umverslty In Madnd Further, there are more than 14 private seed
compames prodUCing durum varieties In Spam The aim of most of these breedmg
programs IS to obtain high-yielding vanetles adapted to the common climatic
stresses of the growmg areas The southern zone of Spam has a Mediterranean
clImate, With an average annual precipitatIOn of 450 mm, usually distributed evenly
throughout the growmg season Germplasm from ICARDA/CIMMYT IS well
adapted to thiS area, where termmal drought stress IS the main clImatiC constraint
The northern zone (Ebro Valley) has a more continental clImate, With lower
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temperatures during wmter and spring, and very high temperatures and water stress
dunng grain fillIng Ramfall IS lower (200-300 mm) and less evenly distributed
Late-headmg vanetles are better adapted to northern grow109 conditions
Resistance to frost, high tillermg capacity, and short gram-filImg penod are
sUitable traits for mcorporatlon mto breedmg matenal to avoid major drought
stress Breedmg for resistance to the most Important diseases (septona, stnpe rust,
and powdery mildew 10 the south, and BYDV 10 the north), IS considered 10

selectIOn schemes EnVironmental conditIons greatly affect YIeld, test weIght, and
protem content On the other hand, the genetIc component IS Important for the SDS
sedimentatIOn test and yellow pigment Vltreousness showed an Important
vanatIon due to site x zone mteractlOns The low magmtude of mteractlOn over
years, and the different response of some sites m the same northern or southern
zone mdicates that vltreousness may be Improved by the use of speCific
agronomical techmques (fertIlIzation, lITIgatIOn, etc) Us109 mdependent mean and
standard deVIations of the control vanetles Roquefio and Mexa every year showed
that most lInes yielded equal to or less than the controls

Introduction

Durum IS cultivated on about 0 6 millIon ha m Spam The area devoted to thIS crop
has drastIcally mcreased smce 1990, due to European Commumty SubSIdies for
traditIOnal growmg areas Durum IS cultIvated m Spam m two maIO zones southern
(Andalucia and Extremadura), and northern (Aragon)

1 dha .--------------------,
Total

Aragon 21 0/0

Andalucfa 65 0/0

600
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89 90 91 92 93

7 01.
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Year

Figure 1. Evolution of the durum area in Spain (source: MAPA).
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Table I shows the area, productIon, and yIeld ofdurum wheat m 1994 The varietal
structure of thIs specIes has changed over tIme Mexa, whIch was cultIvated on
more than 80% of the area durmg the mld-1980s, has been replaced by Vltron and
Jabato m the south, and by Anton m the north (Juan-Aracli and Mlchelena 1993)
Flgure 2 shows the evolutiOn of durum wheat vanetIes m Spam

Table 1. Area, production, and average durum yield in Spain in 1994.

Area (ha)
Production (t)
Yield (kg/ha)

Source MAPA

RaJnfed Percent Irngated Total
560,172 95 28,093 588,265
830,409 86 130,986 961 ,395

1,482 4,662 1,634

% Area r----~~--------------____,

80

60

40

20

1986 1988 1990

8%

1992 1994
Year

Figure 2. Evolution of durum wheat varieties in Spain.

Local Spanish Germplasm Evaluation

A research project coordmated by C Soler has charactenzed the tetraplold wheats
of the Spamsh NatiOnal Bank of Germplasm More than 700 samples, mcludmg
local landraces of TrItIcum turgidum subsp durum and subsp turgidum, Spamsh
forms of T turgidum subsp dicoccon, and even some T turgidum subsp
polomcum were evaluated (taxonomlc classIficatiOn, Croston and Wtlhams 1981)

Morphology, agronomy, and gram-quahty were determmed, and biOchemiCal
studles were carned out to assess vanablhty wlthm the collectiOn and homogenelty
of mdlvldual samples The biOchemlcal charactenzatiOn mcluded eletrophoretIc
analysIs of lsoenzymatIc systems and the study of the composltiOn of seed storage
protems glutemns by SDS-PAGE, and ghadms by A-PAGE (Soler 1994)
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Breeding Efforts

Breedmg programs are run m Spam by pubhc mstltutlons and pnvate companIes
As the country IS divided mto autonomous regIOns, separate breedmg programs are
conducted m different regIOns Groups at Llelda, Madnd, BadaJoz, Cadiz, and
Zaragoza are now workmg on durum All have mcorporated wheat from
ICARDA/CIMMYT m their programs, and smce thiS germplasm generally shows
very good adaptation, some groups operate exclusively on these matenals SpanIsh
durum landraces have been mcluded m crossmg blocks to mcrease genetic
diverSity A small durum breedmg program focusmg on quahty IS bemg carned out
by the School of Agnculture at the PolytechnIC UnIversity m Madnd There are
more than 14 pnvate seed companIes producmg durum vanetles m Spam

Breeding Goals

The aim of most of these breedmg programs IS to obtam hlgh-Yleldmg vanetIes
adapted to the common chmatIc stresses of the growmg areas, which are generally
rainfed The southern zone has a Mediterranean chmate, with an average annual
precipitatIOn of 450 mm, usually evenly dlstnbuted throughout the growmg season
ICARDA/CIMMYT germplasm IS well adapted to thiS area, where term mal
drought stress IS the mam chmatlc constramt The northern zone (Ebro Valley) has
a more contmental chmate, with lower temperatures dunng wmter and spnng, and
very high temperatures and water stress durmg gram fillmg Ramfallis lower (200
300 mm) and less evenly dlstnbuted Late-headmg vanetles are better adapted to
northern growmg conditIOns ReSistance to frost, high tIllermg capacity, and short
grain-fillmg penod to aVOid major drought stress are traits sUitable for
mcorporatlOn mto breedmg matenal

Breedmg for resistance to the most Important diseases (septona, stnpe rust, and
powdery mildew m the south, and BYDV m the north), IS considered m selectIOn
schemes Gram quahty IS discussed below

Environmental Constraints

Drastic yield and gram-quahty fluctuation IS a consequence of seasonal chmatlc
vanatlOns, I e low and uneven dlstnbutlOn of ramfall dunng the growmg season
Figure 3 shows the average yield of control vanetIes from the NatIOnal Vanety
RegistratIOn Tnals, carrIed out from 1987 to 1994 Severe drought dunng the
growmg season and late rams m 1992 resulted m low Yield, but also m low test
weight, vltreousness, and falhng number (Juan-Aracii and Mlchelena 1993) The
development of rapid technIques for screenmg for drought resistance m a breedmg
program favors the development of vaneties With more stable yields
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Figure 3. Average yield in official registration trials of the most cultivated
varieties in Spain.

To analyze the causes of varIatIOn m durum yield and qualIty, officIal NVRT
controls were used (Juan-AracIl and Mlchelena 1993) Ten sites were analyzed m
1991 and seven m 1992 REML variance components were estimated accordmg to
a mixed model m which zone was consldered a fixed factor and year, Site, and
varIety were consldered random factors Test welght, protem content, vltreousness,
yellow pigments, and SDS sedimentatIOn were determmed by the QualIty
Laboratory of INSPV Flgure 4 shows the REML estimates of vanance
components for random factors Yield, test weight, and protem content show an
uncontrollable VarIatIOn, because the mam component of varIance mteractlOns was
year On the other hand, the genetlc component was lmportant for SDS
sedlmentatlOn and yellow pigment Vltreousness showed an lmportant varlatIon
due to slte x zone mteractlOn The low magmtude of the mteractlon mvolvmg year,
and the dlfferent response of some sltes belongmg to the same northern or southern
zone mdlcate that vltreousness may be lmproved by the use of speclfic agronomlcal
techmques, such as fertllIzatlOn, lITIgatIOn, etc (Juan-Aracll and Mlchelena 1993)
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Figure 4. REML variance component estimates of yield and quality in durum
wheat.

Quality

Quahty IS one of the maIn goals of durum breedIng programs IndIvIdual plants of
early segregatIng generatIOns are selected on the basIs of seed SIze, vitreousness,
and absence of graIn dIsease GraIn test weIght, 1,000 kernel weIght, vitreousness,
protem content, SDS sedImentatIOn, and yellow pIgment are common
determInations In advanced matenals General surveys on quahty (Table 2) of
durum productIOn have been avaIlable SInce 1990 Farmers, breeders, Industry, and
government are Involved In thIS survey system In 1994, a total of 169 samples
(one sample for each 3,250 ha) were analyzed, COverIng 93% of the total area
(AETC 1994)

The relatIOnshIp between endosperm protem composItIOn and pasta quahty has
been extensIvely mvestigated by the group from the School of Agnculture In
Madnd AssocIatIOns between )'-ghadm and hIgh and low molecular weIght
glutenm subunits (HMW and LMW, respectIvely), and gluten strength have been
analyzed m vanous vanetIes and Spanish landraces (CarrIllo et al 1990, 1991)
Lmkage and genetic dIstance between the dIfferent prolamIn genes have been
determmed (RUIZ and CarrIllo 1993) The effect on gluten strength of ghadm genes
and low relative molecular mass (Mr) glutenm subunit genes has also been studIed
(RUIZ and Carnllo 1995)
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Table 2. Average quality of the most cultivated varieties in 1994.
Vanety

Vltron Anton Mexa
Number of samples 57 32 27
MOisture (%) 9 1 9 2 8 9
Test weight (kg/hi) 807 782 784
TKW (g) 40 8 40 5 39 7
Protem (%) 148 14 15
Ash(%) 1 6 1 9 1 9
Vltreousness (%) 90 78 95
Yellow pigments (ppm) 75 85 84
SDS 26 24 30
Gluten Index 30 7 55
Hagberg 397 372 369
Source AETC

Yield and Cycle Variation

More than 20 vanetIes are mcluded every year m Spamsh regIstratIOn tnals In
order to compare the candIdates for release WIth the official controls, data from the
multtlocatlonal tnals of the NVRT are standardized by usmg the mean and standard
devIatIOn of the control vanetles Roqueuo and Mexa FIgure 5 shows the
standardIzed values for yIeld and days-to-headmg HIgh-Yleldmg vanetles are
released, but most hnes submItted yIeld equal to or less than the controls
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Days to .. • • Vi •
heading -~-~ •• It'11n
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Figure 5. Standardized data of yield and days-to-heading in 55 official
registration trials (1987-1994).
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Only one vanety had fewer days-to-heading than Mexa, the earliest check (118
days from sowmg to headmg) Many had a longer cycle than Anton (132 days-to
headmg), the most frequently cultIvated vanety m the northern zone Vltron and
Roquefio have an mtermedlate cycle length (about 122 days-to-headmg)

Efforts have been undertaken by local governments to coordmate some of the
activIties developed by the dIfferent regIOns Coordmatlon at the SCIentific level
must be Improved to maximize the benefits of research
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Impact of Modern Technologies on Durum
Wheat Production in Syria
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Introduction

Wheat IS the most Important commodity food m Syna Thanks to ongoing
expansIOn of the cultIvated area, the country was a wheat exporter untIl the 1950s
Smce that tIme, mcreasmg domestIc demand unaccompamed by mcreases m area
planted, and mcreased productIOn of vegetables, fruItS, and mdustnal crops at the
expense of the wheat area, has meant that Syna no longer produces a surplus
Wheat and flour became the most Important agncultural Imports The self
sufficiency rate for wheat was about 72% durmg 1985-1989

Syna's agncultural pohcy pays special attentIOn to wheat productIOn, wIth the twm
ObjectIves of Improvmg the hvmg standard of producers and achlevmg wheat self
sufficIency Plannmg concentrates on Improvmg the productIvIty of the eXlstmg
wheat land Research IS dIrected towards adaptmg modern hlgh-yleldmg wheat
vanetles, chemIcal fertIlIzers, herbIcIdes, and pest control measures sUItable to
Synan conditIOns ExtensIOn and credIt mstItutlons have been orgamzed Farmers
are encouraged to mechamze productIOn The government has mltIated vanous
mfrastructure projects to provIde IrngatlOn facIlItIes Wells are bemg dug by the
government and the pnvate sector

Objectives of the Study

The SocIoeconomic Department of the DIrectorate of SCIentIfic AgrIcultural
Research, Mmlstry of Agnculture and AgrarIan Reform, m collaboratIOn wIth the
Farm Resource Management Program (FRMP) at ICARDA, conducted a multI
year study on the adoptIOn and Impact of Improved wheat productIOn technology
The study aImed to

• Develop baseline measures for use m the adoptIOn of Improved wheat
productIon technology among farmers m dIfferent agro-ecologlcal zones

• Descnbe adoptIOn and Impact levels of wheat technology accordmg to the
SOCIoeconomIC charactenstIcs ofthe farmers and the farmmg systems

• Assess reasons for adoption or non-adoption of particular technologIes and
factors contributing to performance gaps between research tnal and on-farm
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Primary data were collected through a field survey mcludmg nIne provmces
representmg about 91 % of the natIOnal wheat area

There are many reasons why the natIOnal agricultural mstltutlOns, along wIth
mternatlOnal and regIOnal organIzatIOns concerned wIth agricultural research, focus
theIr attentIOn on adoptIon and Impact studIes The effiCIency and performance of
new technology must be Improved, lInks between mstItutlOns developmg the
technology and agncultural polIcy-makers must be Improved, and the returns from
mvestment 10 research and extenSIOn must be measured

Most of the academIc studIes on technology adoptIon assume that the developed
technology IS appropnate and sUItable to farmers Such studIes tend to focus on
defin10g the characteristIcs of the farmers wIshing to adopt such technology
However, a more complex method IS desIrable In additIon to descnptIons of the
adoptIOn pattern, consIderatIOn should be gIven to whether or not the technology IS
sUItable to the needs of the farmers ThIS type of study not only alms to make a
certam technology successful, but to mcrease the effectIveness of research and
extenSIon by meet10g the actual needs of the farmers

Wheat Trends

NatIOnal wheat area and productIOn from 1973 to 1990 show the follow1Og trends

• A general decl10e 10 the total area grown to wheat

• Increased use ofhlgh-Yleld1Og varIetIes

• ExpanSIOn 10 the area of lITIgated wheat

• A large fluctuatIon 10 total productIon from year to year

Although there has been a clear Improvement 10 lITIgated wheat YIeld, ramfed yIeld
IS less easIly 10terpreted Adjustment for ramfall vanatlon accord1Og to water-use
effiCIency mdIces shows no sIgnIfIcant trend eIther upward or downward
However, hlgh-YIeldmg vanetIes performed better than local varIetIes under both
ramfed and lITigated condItIOns

Between 1991 and 1994 there was a clear mcrease m both wheat area and
productIOn m Syna The total area cultIvated to wheat 10creased by 16%, from
1,268,000 ha 10 1991 to 1,474,000 ha 10 1994 FIfty two percent of the area was
IrrIgated, whIle only 2% was ramfed Total wheat productIOn mcreased from
2,350,000 to 3,664,000 t (56%) Average yIeld also increased durmg thIS penod,
from 1 7 tlha 10 1991 to 25 t/ha m 1994 (47%)

The growth of irrIgated wheat 10 Syria was remarkable The IrrIgated wheat area
made up 9% of the total wheat area 10 1973. It reached 20% by the late 1980s
ProductIon of irrigated hlgh-YIeldmg varieties was about half of total production
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The irrigated wheat area Increased from 369,000 ha In 1991 to 560,000 ha In 1994
(52%) It made up 38% of the total wheat area In 1994, whIle productIOn
represented 63% of the total (3 7 mIllIon t) There IS no dIfference In MInIStry of
Agriculture statIstIcs between full and supplemental lITIgatIOn

HIgh-yIeldIng vanetles accounted for about 8% of the total wheat area In 1973
Florence Aurore and Senator CapellI were among the first varIetIes Introduced to
Syna They were latter JOIned by Joun 69 and MexIpak, released pnor to 1973
Florence Aurore and Senator CapellI have SInce been offiCIally reclassIfied as local
vanetles Between 1973 and 1987, nIne new vanetIes were released, of whIch SIX
were durum and three bread wheats To a very limIted degree, the varletles were
targeted to dIfferent envIronments zone 1, zone 2, full lrrIgatlOn In any zone, or a
combInatIOn (Table 1) AssocIated technologles, such as fertilIzer, are based on
zone rather than varIety Seed IS multIplied by the General OrganIZatIOn for Seed
MultIplIcatiOn (GOSM), under contract to producers, and made aVaIlable to farmers
through governorate and local outlets The seed IS usually treated for seed-borne
dIseases and pests before sale

Table 1. High-yielding durum varieties in Syria (1990).
Vanety Release date Target environment Expenmental Yield

averages (vanous years)
Jon 69 1970
Gezlra 17 1974

Bohouth 1 1980
Cham 1 1983
ACSAD 65 1986
Cham 3 1987
Bohouth 5 1987

Source FRMP Annual Report 1991

Irr & zone 1
Irr &zone 1

Irr &zone 1
Irr &zone 1
Zone 1 & 2

Zone 2
Irr & zone 1

4 5 t/ha (Irr )
3 0 t/ha (ralnfed)

5 0 t/ha (Irr )
4 5 t/ha (Irr )

7 5 t/ha (Irr )

Policy-makers and planners achleved theIr ObjectIve of haVIng modern wheat
technologIes adopted by farmers MechanIcal tIllage, plantmg, harvestIng, use of
hIgh-Yleldmg vanetIes, fertIlizer applIcatIOn, and chemlcal weed and pest control
have become common to most farmers Thls IS reflected 10 the nse of Yleld per umt
area smce 1991 Total wheat productIOn now exceeds domestlc need

Survey Sample and General Characteristics

The survey sample was based on publIshed wheat productIOn statIstlcs Farmers
were randomly selected USIng a multl-staged procedure accordmg to stabIlity zone
and contnbutIOn to natIOnal wheat productIOn For the purpose of charactenzatlOn
and classificatIOn, the sample was grouped mto five regIOns (1) Western RegIOn,
(2) AI-Ghab RegIOn, (3) AI-Jazlrah RegIOn, (4) AI-Furat RegIOn, and (5) Hauran
RegIOn Farmers were located In stabllIty zones 1 and 2 (except for AI-Furat
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farmers, which use full irrigation from the Euphrates River) Data were obtained
from the largest wheat plot, as expenence shows thiS IS the most accurate method

The study lasted over three seasons, 1990/91 to 1992/93 A questIOnnaire was
developed and 230 farmers were mtervlewed m each season About 688 farmers
were sampled over three seasons Table 2 shows the dlstnbutlOn of the sample by
regIOn and farm size In general, the Western RegIOn demonstrates the expected
distrIbutIOn between small and medIUm-sized farms Hauran farms tend to be
neither very small nor very large, and AI-Jazlrah farms are medIUm to large In AI
Ghab and AI-Furat most farms are small, due to the recent history of agrarIan
reform, IrrigatIOn development, and settlement m the area

Table 2. Sample distribution by region and farm size.
Farm SIze West Reg AI-Ghab AI-Jazlrah AI-Furat Hauran Total
Q-5ha 46 31 19 21 4 21

17% 756% 71% 500% 62% 176%
5-10 ha 64 3 42 17 13 139

236% 73% 156% 405% 200% 202%
10-20 ha 87 3 60 2 21 173

321% 73% 223% 48% 323% 251%
20-50 ha 58 3 78 2 23 164

214% 73% 290% 48% 354% 236%
> 50 ha 16 1 70 0 4 91

59% 24% 260% 62% 132%
Total 271 41 269 42 65 688

394% 60% 391% 61% 94% 100%

Some mterestmg compansons emerge m land use and croppmg system, accordmg
to regIOn and farm size (Table 3) Hauran, for example, represents an area where
wheat IS grown traditionally, With large fallow areas and a Wide range of crops EI
Jazlfah IS a mam wheat-producmg area, With some 81 % of the arable land planted
to wheat and barley In addition to wheat, AI-Ghab and AI-Furat grow mdustnal
crops such as cotton and sugar beet The Western RegIOn IS largely similar to
Hauran, but Without much fallow Other crops, mamly market vegetables, have
been mtroduced to replace the fallow The mtroductlOn of supplemental lITIgatIOn
mto the Western RegIOn makes pOSSible a more mtenslve land use than m Hauran

Fifty five percent of the sample farmers have access to at least one source of
Irrigation, such as a canal, nver, or well water ThiS figure IS high compared With
Syna as a whole It IS Impossible to quantifY any sample biaS regardmg access to
lITIgatIOn, because there IS no data at the natIOnal level on the number of farmers
who have access to lITIgation

Three trends are noted First, the lITIgated wheat area IS mcreasmg, while there IS a
general decline m the total wheat area Second, supplemental lITIgatIOn IS more
Widespread than full iITIgatIon Thlfd, most farmers do not choose the vanetIes they
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grow accordmg to IITIgatton method In other words, farmers in the irrigated area
see no difference In vanetles m terms of their response to IrrigatIOn

Table 3. Land use (% of arable land averaged over three years).
Average Wheat

farm Durum Bread Total Barley Legume Forage Food Tree Other
sIze (ha)

Region
Western 192 20 5 25 27 11 9 16 12
Region
AI-Ghab 78 54 2 56 1 1 1 0 37 4
AI-Jazlrah 490 42 13 55 25 3 ns ns 9 7
AI-Furat 72 36 25 61 1 ns 1 ns 36 1
Hauran 21 0 34 ns 34 5 21 4 5 11 20
Farm size
0-5 ha 32 54 6 60 6 4 ns 2 25 2
5-10 ha 80 38 9 47 14 8 1 5 22 4
10-20 ha 154 31 6 37 23 9 2 6 17 6
20-50 ha 330 36 7 43 18 8 1 4 14 11
> 50ha 1186 37 13 50 29 4 ns 1 8 9
Mean of 296 36 10 46 24 6 1 3 12 9
total

Table 4. Distribution of wheat by varieties (% of arable land).
HYVdurum HYV bread Local durum Local

vanetles vanetles bread
Region
Western Region 63 18 18 1
AI-Ghab 96 4 0 0
AI-Jazlrah 72 22 5 1
AI-Furat 58 42 0 0
Hauran 20 ns 80 0
Water Regime
Fulllrngation 82 18 0 0
Supp Irr 88 10 2 0
Ralnfed zone 1 58 32 11 0
Ralnfed zone 2 66 15 16 2
Farm size
0-5ha 82 9 9 0
5-10 ha 70 19 11 0
10-20 ha 67 17 15 ns
20-50 ha 73 17 10 ns
> 50 ha 66 24 9 1
Total 68 21 10 1

HYV=Hlgh-Yleldlng vanety
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Since the statiStICS of the MImstry ofAgnculture do not dIstmguish between durum
wheat and bread wheat, the results of the survey have been relted upon to estImate
the cultIvated area for each type of wheat (Table 4) The area grown to hlgh
yIelding varIeties of durum wheat was about 68%, high-YIeldIng varIeties of bread
wheat about 21 %, local vanetles of durum wheat about 10%, and local vanetIes of
bread wheat about 1% There were clear differences In the dlstnbutlOn of each
specIes accordIng to geographIcal regIOn, lITIgatIOn system, and farm size

GIven the Importance of durum wheat In SyrIa and the relative advantage of ItS
productIOn, analysIs IS restricted to farmers who grow durum wheat They make up
about 85% of the total sample

Recommended Package for Durum

RecommendatIOns are made accordmg to vanety, and whether the cultIvar IS hlgh
yleldmg or local Such recommendatIOns tend to Increase Inputs for hlgh-Yleldmg
varietIes The package recommends SIX lITIgatIOns m AI-Furat and Hasakeh, one or
two supplementary lITIgatIOns In the Western RegIon, two or three lITIgatIOns m
zone 1, and four lITIgatIOns m zone 2 (the latter two In Dara provInce) Each
lITIgatIOn equals about 750 m3/ha

Modern Technologies for Durum

Irrigation

lITIgatIon has seen a remarkable Increase m Syna, doublmg smce 1973 The fully
lITIgated wheat area expanded from 9% of total area m 1973 to 20% In the late
1980s

ThIs study provides clear eVidence that, when gIven the opportumty and the means,
farmers WIll adopt lITIgatIOn technologies because of the benefits they receive In
terms of higher yield The survey shows that about 85% of farmers With a water
source lITIgate theIr wheat crop or part of It The rest, mostly from AI-Ghab,
Hauran, and the Western RegIOn, do not lITIgate the wheat crop Rather, they use
theIr avaIlable water to mcrease yield of more valuable crops such as cotton and
vegetables Of the farmers who lITIgate then wheat, 39% use full lITIgation, 58%
use supplemental lITIgatIOn, and 3% use both methods

TradItIOnal floodmg was the dominant method With most farmers when lITIgating
theIr wheat Less than 10%, mostly Itve m the Western RegIOn, use sprInkler and
supplemental iITIgatlon Most farmers Increase more than the number of lITIgations
recommended
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Mechanization

Wheat producers use mechamzatIOn mtensIvely 98% of surveyed farmers use a
tractor for pre-seedmg tIllage, 69% use some sort of machmery for seedmg, and the
rest rely on hand broadcastmg (mostly small holders) About 88% use a combme to
harvest wheat, hand harvestmg was sIgmficant m Hauran as well as m small plots
m AI-Furat, where mechamzatlon IS dIfficult Table 5 shows the dIstnbutIOn of
surveyed farmers by number ofcultIvatIOns and harvestmg method

Table 5. Farmer practice: number of tillages and harvesting method (% of
farmers).

No of tillages Harvesting method
1 2 3 Combine Manual

Region
Western Region 15 56 29 88 12
AI-Ghab 0 61 39 100 0
AI-Jazlrah 10 71 19 100 0
AI-Furat 18 65 17 68 32
Hauran 50 42 8 51 48
Imgation Regime
Fullirr 10 69 21 91 9
Supp Irr 5 55 40 94 6
Rainfed zone 1 23 62 15 87 13
Ralnfed zone 2 22 61 17 83 17
Total 16 61 23 88 12

Table 6. Farmer practice: fertilizer application (% of farmers).
Phosphate Nitrogen

No of Only at Only top Both
fertilizations planting dressing

Region
Western Region 87 5 11 25 59
AI-Ghab 45 0 16 7 77
AI-Jazlrah 88 9 9 19 64
Furat 96 0 11 7 82
Hauran 87 18 54 10 19
Irrigation Regime
Fullirr 98 0 8 7 84
Supp Irr 91 4 10 14 72
Ralnfed zone 1 80 5 11 31 53
Ralnfed zone 2 80 17 29 17 38
Total 86 7 15 19 59

94



Fertilizer

About 86% of the fanners surveyed apply phosphorous on durum wheat This rate
IS higher than 90% when lITIgatIOn is used, and 80% for ramfed agncultural The
regional distrIbutIOn of non-phosphate users is faIrly even, except m Al-Ghab,
where 55% of the farmers do not use phosphate This may be because avatlable
phosphorous III the soli was relatIvely high and the response to phosphorous shght

Fanners use mtrogen fertlhzer more than phosphorous Only 7% of fanners, mostly
from Hauran and zone 2, do not use mtrogen (Table 6) Fifty mne percent of the
surveyed fanners use two apphcatlOns, one at plantmg and one at tillenng (most are
fanners of lITIgated wheat) Some of the farmers III zone 2 apply mtrogen m one
lot, either at seedmg or tlllenng

Phosphate fertlhzer rates are close to those recommended for lITIgated areas and
zone 2, and less than the recommended rate III zone I Fanner use of mtrogen
fertlhzer IS shghtly higher than recommended (Table 7) Al-Ghab fanners tend to
mcrease mtrogen fertlhzer above the recommended rates

Table 7. Farmer practice: fertilizer rate (kg(ha).

Region
Western Region
AI-Ghab
AI-Jazlrah
Furat
Hauran
Irrigation regime
Fullirr
Supp Irr
Ralnfed zone 1
Ralnfed zone 2
Total

Average N

107 ± 71
203 ± 61
100± 75
180± 76
28± 18

165 ± 78
152± 74
89±63
45±36

105 + 79

Average PzOs

75±57
53±65
72±47

116 ± 52
35±21

105 ± 46
104 ± 60
55±42
38±28
70+53

Herbicides

Herbicides have the lowest adoptIon rate of the major external IllputS Only about
42% of the fanners have used It at least once The maJonty of non-users are III AI
Jazlrah (84%), AI-Furat (68%), and Hauran (57%) Herbicides are most popular III

AI-Ghab (87% use) and the Western Region (62% use)

Seed Rate

Table 8 summanzes the seed rates used by farmers and their seed sources
accordmg to regIOn and method of lITIgation It IS clear that farmers m all regions
and under all lITIgation methods use higher rates than those recommended
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Durum producers in Syna tend to rely on the General Orgamzation of Seed
MultIplIcation for seed About two thIrds of the sample report that GOSM is theIr
only source ofpure and dressed seed ThIs rate IS hIgher under IrngatlOn than under
ramfed agrIculture The farmers m AI-Ghab, JazIrah, AI-Furat, and Hauran rely on
GOSM more than those m the Western RegIon

Table 8. Farmer practice: seed rate and sources.
Seed rate Seed source

(kg/ha) Own Market GVT More than one
source

Region
Western Region 212 ± 69 22 13 52 14
AI-Ghab 298±46 0 3 87 10
Jazlrah 240± 82 14 4 73 9
Furat 277±65 4 7 82 7
Hauran 162 ±31 22 3 71 3
Irrigation regime
Fullirr 306±73 5 2 83 10
Supp Irr 266±67 6 8 72 13
Ralnfed zone 1 206±55 28 9 58 6
Ralnfed zone 2 164± 32 20 9 60 11
Total 225±77 17 7 66 10

Preceding Crop

The farmers were asked about the crop precedmg wheat The largest plot grown to
wheat was used to define thIS crop Table 9 shows the dIstrIbutIOn m terms of the
prevIOus crop, regIOn, and IrrIgatIOn system

Table 9. Farmer practice: previous crop (% of farmers).
Summer Legumes Fallow Cereals Other More

crop than one
crop

Region
Western Region 47 20 8 12 8 5
AI-Ghab 55 3 0 19 10 13
AI-Jazlrah 35 5 7 45 1 7
AI-Furat 79 0 0 4 11 7
Hauran 21 27 44 2 6 0
Imgation Regime
Fullirr 75 1 0 14 5 5
Supp Irr 66 2 3 15 3 11
Ralnfed zone 1 33 28 6 21 6 6
Ralnfed zone 2 10 14 29 39 6 3
Total 41 13 11 23 5 6
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Forty one percent of farmers grow durum wheat after a summer crop, 13% after a
legume crop, 16% after fallow, 23% after a cereal crop, 5% after other crops, and
6% after more than one crop There IS a slgmficant difference accordmg to regIon
and irngatIOn system Most of the farmers m AI-Ghab and AI-Furat grow wheat
after summer crops In the Western RegIOn, wheat IS grown after a summer crop or
legume crop At Hauran, most of the farmers grow wheat after fallow, followed by
a legume crop and then a summer crop Forty five percent of Jazlrah farmers report
that they grow wheat contmuously on the same land

More than two thIrds of the surveyed farmers grow wheat after summer crops If full
or supplemental IrngatIon IS avaIlable For ramfed farmmg m zone I, wheat IS
grow after a summer crop (33%), or after legumes (28%), 21% of the farmers m
thIS zone report that they grow wheat contmuously In zone 2, 39% of the sample
report that they grow wheat contmuously, and 29% that the land IS fallow prIor to
wheat About a quarter of the sample m zone 2 grows wheat after a summer or
legume crop

Distribution of Varieties

AdoptIon of new vanetles by wheat producers IS more complIcated than the
adoptIOn of other components of the technological package There has been a
sIgmficant mcrease m the total area grown to Improved varIeties over the past 20
years In our survey, adoptIon of hlgh-Yleldmg varIetIes conforms to publIshed
agncultural statIstIcs

The survey enabled us to look at adoptIOn patterns of HYVs m several ways FIrst
we looked at the general dIstrIbutIOn of varIeties Table 10 shows the percentage of
areas growmg each variety of durum and the percentage of farmers usmg each
varIety Cham I and Cham 3 rank first III terms of durum cultivated area They
cover about 63% of the total durum wheat area About 56% of wheat producers
grow these two VarIetIes These varIeties are the result of sCientific collaboratIon
between the DIrectorate ofAgncultural SCientific Research and ICARDA

Gezlra 17
Cham 1
Cham 3
Bohouth 1
Bohouth 5
ACSAD65
Jon 69
Other HYV Durum
Local vanetles
Total

Area (%)

3
33
30

4
1

13
3

ns
13

100

97

% Farmers
9

24
22
12

3
16

9
2
7

100



Second, we looked at vanety dlstnbutlOn m terms of water regime ramfed,
supplementalIITlgatIon, and fullIITlgatton (Table 11) ThiS mVItes companson wIth
the target envIronments lIsted m Table 1 For example, Cham 3, whIch IS targeted
for zone 2, IS m fact grown extensIvely m zone 1 and under Irngated condItIons
(either supplemental or full)

Table 11. Distribution of durum varieties by water regime in Syria (% of area,
average 1990/91·1992/93).

Ralnfed Supp Irr Fullirr Total
Zone 1 Zone 2

Gezlra 17 1 3 4 12 4
Cham 1 28 34 34 35 32
Cham 3 26 33 26 33 30
Bohouth 1 4 1 7 7 4
Bohouth 5 ns ns 1 5 1
ACSAD 65 23 5 19 7 13
Jon 69 2 2 7 ns 3
Other HYV Durum 1 0 2 ns ns
Local vanetles 16 23 1 0 13
Total 100 100 100 100 100
Vanetles (%) developed by
ICARDA and Synan National
Program to total HYVs 65 86 62 69 71

ThIrd, we looked at the dIstnbutIOn of cuitivars among durum wheat producers
Twenty four percent of the surveyed farmers grow Cham 1, and 22% grow Cham
3 Local durum vanetles are grown by 27% of farmers Some farmers grow more
than one vanety The average number of vanetIes per farmer IS 1 4

Fourth, we looked at weIghted average age of hIgh-YIeldmg vanety areas ThIS
average was developed by Brennen and Byerlee m 1991 It IS useful for a
companson of hIgh-yIeldmg vanety changes and rate of spread across regIons and
over ttme The weighted average age of the sample was 6 8 years It IS rather hIgh
m the Western RegIOn and wIth small farmers ThIS means that when small farmers
or the Western RegIOn farmers adopt one of the hIgh-yIeldmg vanettes, they tend to
contmue growmg thIS vanety rather than sWItchmg to a new one Table 12 shows
the dIstnbutIOn of farmers usmg hIgh-yIeldmg durum wheat vaneties accordmg to
the date of adoptton
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Table 12. Distribution of farmers using high-yielding durum. varieties by date
of adoption (%)

1-5 years 6-10 years 11-15 years >15 years
Region
Western Region 306 478 185 32
AI-Ghab 29 514 257 200
Jazlrah 574 314 44 69
AI-Furat 207 31 0 241 241
Hauran 1000 0 0 0
Farm size
0-5 ha 226 462 21 5 97
5-10 ha 341 466 125 68
10-20 ha 521 266 106 106
20-50 ha 51 0 340 90 60
> 50ha 463 426 74 37
Water regime
Fullirr 375 354 83 188
Supp Irr 320 453 172 55
Ralnfed zone 1 419 395 129 56
Ralnfed zone 2 580 309 99 1 2
Total 41 0 387 126 77
n= (429) (176) (166) (54) (33)

Technologies Associated with High-yielding Varieties

AdoptIOn of new varieties IS usually accompamed by changes m crop management
Most often cited are chemical fertlhzers, herbicides, and new agronomic practices
Hlgh-Yleldmg vanety adopters were asked If they had changed their productIOn
practices when they adopted the new varieties A maJonty report that they made at
least one change, and others that they made more than one change (Table 13) An
mcreased seed rate IS the most frequent change associated with adoptIOn of hlgh
yle1dmg varieties Increased fertlhzer use IS common when adoptmg new vanetles

Table 13. Change In practice associated with high-yielding variety durum
adoption (%).

Change

Increase seed rate
Increase use phosphate fert
Increase use nitrogen fert
Increase number of tillages
Increase herbicide use/rate
Shift HYV to more fertile sOil
Estimate Yield Increase by farmer

Date of adoption
1-5 6-10 11-15

years years years
73 64 63
60 55 59
60 62 67
42 38 33
18 32 40

8 16 26
44% 60% 76%
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years total
63 67
52 57
64 62
46 40
36 28
24 15
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Impact of Technology on Durum Production

Based on the data collected from the survey over three seasons, a productIon
functIon has been developed usmg multIple regressIOn analysIs, lmkmg the
prodUCtIVIty of each hectare wIth multIple vanables such as ramfall, hIgh-yIeldmg
varIety, number of lITIgatIons, quantity of applied mtrogen fertIhzer, prevIOUS crop,
and apphcatIOn of herbICIdes ThIS equatIon IS slgmficant Table 14 shows the
coeffiCient values of the productIOn functIOn This functIOn explams about 53% of
the changes of durum wheat yIeld m Syna

Table 14. Estimation of durum-wheat-production function in Syria based on
wheat survey data (1991-1993).

Label Coefficient SE
N 632 23
N2 -0 004 0 007
Rain 1 68 05
Seed 682 40
S2 -00106 0007
Vanety 879 8 154 0
NOIR 232 9 32 1
Herbicide 330 3 116 2
Rot 6754 1262
Constant -9444 477 6

Adj R2 = 051, F(9,526)= 63***

Vanable
N added (kg/ha)
Sq of N added

Rainfall rate (mm)
Seed rate (kg/ha)
Sq of seed rate

Vanety (1 =HYV) (O=local)
No of Irrigations

Herbicide Application (1-applled) (O-No)
PrevIous crop (O-cereals) (1-other)

Multiple regressIOn analysIs mdlcates that the apphcatIOn of herbicides may
mcrease average yield by 302 kg/ha Improved vanetIes may mcrease the yield by
847 kg/ha compared WIth local vaneties Growmg durum wheat after legumes or a
summer crop mcreases yield by about 659 kg/ha compared with growmg durum
wheat contmuously m the same field Each I mm of ramfall mcreases durum yield
by I 91 kg The use of I kg of net mtrogen umt mcreases yield by about 6 5 kg
ThiS mcrease slows with the apphcatIOn of N fertIlizer untIl the optImal hmlt IS
reached, then productIOn decreases

Farmers were diVided mto three groups m terms of number of lITIgatIOns The first
group mcludes those who IrrIgate theIr fields 1-3 times annually (supplemental
IrrIgatIOn) The second mcludes those who IrrIgate their fields 4-6 tImes (full
lITIgatIOn) The third group mcludes those farmers who IrrIgate wheat more than 7
tImes a year (more than the recommended rate) Multiple regression analysIs shows
that with supplemental IrrIgatIon, the expected yield IS 1,049 kg/ha For full
IrrIgatIOn, the WIll be about 1,755 kg/ha If the number of IrrIgations IS more than
recommended, the expected yield Will be 1,430 kg/ha

Based on the above production functIOn, and after replemshmg the average values
of the vanables with the data collected, the Impact of the most Important
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technological components of durum wheat cultivatIOn was estImated, namely
lITIgation, cultlvar, fertdizer, and factors relatmg to crop and land management

The Impact of lITigatIOn on productIVIty was sIgmficant at Jazlrah and AI-Furat,
compared with the Western RegIOn and AI-Ghab The Impact of fertlhzers m AI
Ghab was hIgher than m other regIOns The Impact of Improved varIeties was noted
m all regIOns except Hauran, due to the delay m mtroducmg them

The effect of the vanous components of the package on total productivity was
Identical m the lITigated areas, the supplemental lITigation areas, and zone 1 In
zone 2, the total Impact was less than m the other areas

Agncultural technology affected all groups of farmers small, medIUm, and large
holders This IS a more positive result than expenenced mother countnes, where
technology aids large holders and small farmers do not benefit at all

The average mcrease m net revenue at the farm level resultmg from the
technological package was estimated by deductmg the cost of each component of
the package from the total yield mcrease Due to the difficulty of estlmatmg costs
relatmg to crop management, It was assumed that the cost of crop management
equals 40% of the total mcrease resultmg from the component Table 15 shows
such estimates Increases were higher m the lITigated and supplemental lITigatIOn
areas than m the non-lITigated areas The net revenue/cost ratio m the ramfed areas
was higher than the lITigated areas, this IS an mdlcatIOn of the economic
profitablhty of mvestment m ramfed agnculture

A prehminary estimate of the Impact of modem agncultural technology on durum
wheat m Syna was made, and the mcrease m national mcome as a result of such
technologies calculated The followmg formula was used

Total mcrease = ArJx AI x XI

where X1=the mcrease obtamed from technological component I m the package,
At=the adoptIOn rate of technological component I, and ArJ=the average area grown
to durum wheat m areaJ

The prelImmary estimate IS an mcrease of 1,661,000 t of durum wheat, and about
17 4 btlhon Synan Lira annually (407 mdhon US$) m natIOnal mcome (Table 15)
About 23% of this mcrease IS due to the Impact of lITigation, 34% to the use of
Improved varieties, 24% to fertlhzer, and 19% to land and crop management (Table
16) About 32% of the Impact comes from fully IrrIgated areas, 31 % from
supplemental lITigation areas, and 37% from ramfed areas

In spite of thiS remarkable mcrease, there IS stilI a gap m productivity between
potential and actual yields ThiS reqUires further effort, either m agncultural
research or extension
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Table 15. Estimated annual increase in national income due to modern
technologies used on durum wheat in Syria (000 tonnes).

Full Irr
Supp Irr
Zone 1
Zone 2
Total

Area
(000 hal

197
216
324
353

1,090

-:.;.In.:.:c;.;.:re::.:a::;:s;,::;e_~ ~ ~~__ Total
Vanety Nitrogen Irr Manag Increase

136 115 211 64 526
145 113 169 78 505
162 107 103 372
111 57 60 228
554 392 380 305 1,631
(34%) (24%) (23%) (19%) (100%)

Table 16. Estimated average increase in net revenue at the farm level due to
technological packages (kg,Iha).

Due to Due to
vanety nitrogen

Water regime
Full Irngatlon
Supp Irr
Ralnfed zone 1
Ralnfed zone 2
Region
Western
Region
AI-Ghab
Jazlrah
AI-Furat
Hauran
Total

688
687
595
390

556

692
702
703
97

610

582
547
347
193

405

693
380
625
123
390

102

Due to
Irngatlon

1073
782

305

161
489

1,076
40

377

Due to
management

380
423
404
278

454

452
232
426
467
368

Total
Increase

2,723
2,439
1,346

861

1,720

1,998
1,803
2,830

727
1,745



Breeding for Resistance to Drought and Salinity
in Durum

A. Amri, N. Nsarellah and M.S. Mekni
INRA, Rabat, Morocco

Abstract
In Morocco, the durum area is about I 3 mIllion ha, and per capIta consumptIOn is
more than 100 kg/year Durum yield is comparable to bread wheat yield Four
landraces and 21 new cultIvars have been released by INRA Among these, 60%
were selected from germplasm mtroduced from ICARDA and CIMMYT After 20
years ofwork, gram yield m Morocco has nsen from less than 5,000 kglha to more
than 7,500 kglha, WIth genetIc gams m farmer fields of almost 40% In the absence
of a multIdIsciplinary approach, very httle attentIOn has been paid to resIstance to
abIOtIC stresses Many new research actIvItIes have been recently inttlated The
specIficIty of envIronmental constramts calls for separate breedmg projects for low
ramfall, high ramfall, and high elevatlOn In the low ramfall areas, drought and heat
stresses, Hessian fly, and root rots are the mam constramts Drought research
assesses early and late drought resistance m existmg cultlvars Salt tolerance tnals
are conducted m the laboratory usmg NaCI and sahne water Results show that
NaCl shghtly lowers germmatIOn and greatly reduces germmatlon speed and
coleoptIle length GenotypIc differences are apparent among cultIvars Massa and
Sanf are the most salt-tolerant vanetles Under field conditIons, durum is, on
average, more salt sensItive than barley, bread wheat, and tntIcale

Introduction
Durum wheat is an Important cereal specIes m Morocco, with I 3 million ha sown
annually and an average per capita consumptIon of more than 100 kg/year At the
farmer level, durum IS preferred over bread wheat due to itS specific uses Morocco
ranks third m the Mediterranean reglOn and first m the North Afnca and Middle
East regIOn m term of durum acreage Although average natIOnal gram yield is low,
due mostly to drought and pest stress, substantIal genetic gams have been achieved
by the Moroccan Instltut NatIonal de la Recherche Agronomique breedmg program
m collaboratIOn with the mtematlOnal centers and other breedmg programs m the
region Yield potentIal is comparable to bread wheat, and this has stImulated a
boost m acreage Four landraces and 21 INRA cultIvars are regIstered m the cereal
catalogue Among these, almost 60% were selected from germplasm mtroduced
from ICARDA and CIMMYT Seventeen percent of the durum acreage is sown
WIth certified seed of newly released vanetIes Kanm, Marzak, Sebou, and Omrabi
are the most Widely grown cultIvars
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In 1934, INRA started the only durum wheat breedmg program m Morocco, with
selectiOn wlthm local populatiOns and the mtroductiOn of cultlvars such as
Keyprounda Durmg 1968-1972, the Jomt INRA/CIMMYT effort led to the release
of cultlvars Cocont and Jon CollaboratIOn With CIMMYT contmued, and after
1981 a strong collaboration developed With the durum program at ICARDA These
mternatlOnal efforts With have led to the release of 13 new cultlvars smce 1985
ICARDA has contnbuted extensively to the buIld-up of an effectIve durum wheat
network, With INRA Morocco playmg a major role, thanks to the expertise of the
mstltutlOn and the diversity of the enVIronment

This paper discusses what the INRA durum wheat Improvement program IS domg
and what It can do to enhance the productiVity of durum wheat m the North Afncan
and Mediterranean regIOns INRA IS eager to contnbute to these Jomt efforts
Breedmg for abIOtic stresses Will be emphaSized Other aspects Will be developed
further by colleagues at INRA and the InstItut Agronomlque et Vetermalre Hassan
II (lAV HII)

Ongoing Research and Long-term Projects

UntIl recently, the mam objective of the durum wheat breedmg program was to
develop new genotypes which Will outyleld the Widely spread landraces In the last
20 years, gram yield potential m Morocco has gone from less than 5,000 kg/ha to
more than 7,500 kg/ha, With genetic gams m farmer fields of almost 40% These
gams have been achieved through the mtroductIon and development of semi-dwarf
and shorter-cycle cultlvars Most of the released cultlvars have shown low stabilIty
m gram qualIty and some of them are even sold at the same pnce as bread wheat

In the absence of a multIdlsclplmary approach, very lIttle attentIOn has been given
to pest reSistance, qualIty Improvement, or the evaluatIOn of tolerance to abIOtiC
stresses The availabilIty of a qualIfied staff, and the development of close
collaboratIon With ICARDA/CIMMYT and mstItutiOns wlthm the country and the
regiOn, has stimulated the development of a more comprehensive and effiCient
durum wheat Improvement program New research has been recently mltlated and
IS supported by ICARDA The process of programmmg by obJectIves, adopted at
INRA, has faCIlItated the settmg up of research pnontles

The durum breedmg strategy IS based on the Improvement of both gram yield and
gram qualIty through the use of landraces With good gram, and the mcorporatlOn of
resistance to major pests Data show that most of the recent releases are highly
susceptible to yellow berry and to pests such as HeSSian fly, septona, tan spot, and
rusts The speCifiCity of environmental constramts makes It necessary to develop
separate breedmg projects for low ramfall, high ramfall, and high elevatiOn
environments Drought and heat stresses, HeSSian fly, root rots, rusts, and BYDV
are mostly encountered m semi-and and and regIOns Tan spot, BYDV, septona,
and rusts are prevalent m high ramfall and Irrigated environments At high

104



elevatIon, BYDV, tan spot, Russian wheat aphId, frost, and heat stresses are the
most hmltmg factors INRA has developed expertise m Morocco and withm the
Maghreb regIOn m the areas of'

• Septona screenmg, germplasm development, and Virulence studies

• Tan-spot screemng, germplasm development, and Virulence studies

• Root-rot screenmg, germplasm development, and Virulence studIes

• BYDV screemng, germplasm development, and VIrulence studies

• HeSSIan fly and RWA screenmg, germplasm development, and Virulence
studies

• EvaluatIon of durum wheat qualIty for pasta and bread makmg

• PhySIology of heat and drought stresses, and germplasm development

• Germplasm development through the use of mterspeclfic crosses, madiatlOn,
and dihaplOid techmques

• Some research is carned out m close collaboratIOn With SCientIsts from IAV
Hassan II (leaf rust) and ENA-Meknes (tan spot)

Most of these projects, supported by ICARDA and the UNDP, have already helped
the regIOn Detailed contrIbutIOns are presented at annual coordmatIOn meetmgs

Breeding for Resistance to Abiotic Stresses

Breeding for Drought Resistance

In Morocco, most of the durum wheat acreage is located m the hIgh ramfall and
semI-and zones Compared to bread wheat, very lIttle durum is sown m the and
zones ThIS can be explamed by the type of germplasm developed EarlIness IS
lImited m durum wheat, and all breedmg matenal mtroduced or developed locally
heads at about the same tIme as ACSAD 65 and KarIm (about 10 days) The
development of early-headmg genetIC matenal could help to extend durum wheat
mto dner areas and improve water-use effiCiency In the arId and semi-and zones,
HeSSian fly reSistance is a prereqUiSIte for further improvement Attempts are
underway to incorporate effectIve genes from reSIstant bread wheats and Wild
relatives BYDV, leaf rust, and root rots are Important lImltmg pests for which
effective sources of reSIstance have already been identIfied

Tnals at Jemaa Shalm have shown that wmter types are not SUited for semI-and
and arId enVIronments EvaluatIOn of early and late drought reSIstance of eXlstmg
culttvars IS ongoing
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Salt Tolerance

SahlllzatlOn of sOlI and water hmits the productIVIty of most annual crops on 37%
of the Irngated land m Morocco Cereals, especIally barley, are among the
glycophyte speCIes WIth good tolerance to salt Tnals have been conducted at the
germmatlOn stage m the laboratory usmg 200 mM of NaCl, and under IITlgatlOn
WIth saline water at Am EI Attl (water EC=1l,67 dS/m) and Dar Bouazza (water
EC=3 75 dS/m) to determme the effects of salt on gram yIeld In the laboratory,
NaCI shghtly reduced germmatlon percentage and greatly reduced germmatlOn
speed and coleopttle length GenotypIc dIfferences were apparent, and cultivars
Sanf and Tessaout were the most salt sensItIve at germmatlon Under field
conditIons, durum was on average more salt sensItlve than the barleys, the bread
wheats, and the tnticaies These differences were only apparent at Am EI Artl
under severe salt stress, although slglllficant dIfferences were apparent between
cultivars, and Massa and Sarifwere the most salt-tolerance vaneties

Conclusion

In hght of ongomg research, the genetic gam achIeved, and the quahfied staff, the
INRA durum wheat breedmg program is ready to playa major role m the reglOn
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Abstract

HydrIC status, energetic status (chlorophyll fluorescence), and osmoregulatIon
(prolIne and soluble sugars) were studied The analySIS of yield stabihty showed
three major varietal groups wide adaptatiOn, mtermedlate adaptatiOn, and narrow
adaptatlOn VarietIes Bidi 17, GG Rkhem, GIOlre de Montgolfier, Montpelher, and
Oued Zenati had low yield and low response to favorable conditions MexlcalI,
Vitron, Waha, and ZB/Flg showed high yield and lInear response to favorable
conditions CapeltI, INRAT 69, PolonIcum, and Sahel showed stable yield YIeld
was found to be negatively correlated With the senSitIvIty mdex to enVironment
constraInts (lSCE) Vitron was identifIed for favorable areas, Bidl 17 for
unfavorable areas, and PolonIcum, INRAT 69, and Capeiti for moderate water
stress areas Stress phYSiOlogical traIts, water status, energetic status, and
osmoregulatIon contnbute to vanetal adaptatiOn The use of contrastIng models
was proposed (I) Hedba 3 (low values for prohne and fluorescence) and Stork
(hIgh values for prohne and fluorescence), (2) Hedba 3 (low value for prohne) and
Waha (hIgh value for prohne), (3) Bldl 17 (high values for prohne and pSI, low
yIeld) and Waha (high value for prohne, low value for pSi, high yield), 4)
PolonIcum (low values for prohne and pSi, low yield) and Stork (hIgh values for
prolIne and pSI, high yield) Results showed a consIstent relatIOnshIp between
groups In terms of physIologIcal traits and expressed yield stabilIty Chlorophyll
fluorescence was found to have transgreSSive Inhentance The other phySiOlogIcal
parameters have IntermedIate hentability AnalytIcal and synthetic approaches
were proposed to identIfY drought-reSistant vaneties

Introduction

In areas where environmental constramts are less pronounced, the preference for
yield potential is Justified because the conditiOns allow for the expreSSIOn of the
genetIc abIlIty (Monneveux 1991) When constramts are more severe, yield alone
does not constItute SUItable cnterIa The analySIS of spatlO-temporal vanabihty of
major environmental components and InteractiOn WIth genotypes remaInS the most
rehable way to study the mechanIsms mvolved m yIeld DIfferent models have
been proposed to analyze genotype-envIronment InteractIon All of them requIre
follow-up of the behaVIor of a group of vanetles RegreSSIOn coeffiCIent, mean

107



yield by site, and standard deviation values (FlOlay and Wilkinson 1963) were used
by several researchers to study vanetal adaptatIon However, these hnear models
have their cntIcs (Boggy et al 1973) Other multlvanate models have recently been
proposed (Kempton 1984, Gauch 1988) The additive malO effect and
multIplIcatIve mteractlOn (AMMI) model might be used for durum screemng 10 the
Mediterranean regIOn (Nachlt et al 1992)

Although yield IS a malO objectIve (Frey 1964), results reported by Ceccarelh
(1989), Monneveux (1991), and Nachtt et al (1992) suggest that selectIOn for
drought resistance would be useful m areas where constramts eXists and where
selected genotypes are supposed to be grown Analytical and, later, synthetiC
approaches have been extremely convmcmg as they deal with Identification,
hlerarchlzatIon, and mtrogresslOn of tolerance traits 10 a breedmg program Durum
breedmg of necessity mvolves germplasm use, mcludmg landraces and Wild
relatives Accordmg to Nachlt et al (1988), selectIOn IS more effiCient when It IS
done m the region where vanetIes are to be cultivated Rasmusson (1987)
introduces the concept of Ideotype 10 order to overcome the great delay caused by
trait-by-tralt selectIOn Some correlatIOn between phySiological and morphological
traits have been reported, e g between hydnc potential and height of plant
(Kirkham and Smith 1978)

Improvement of genetic diverSity (Nachlt et al 1988) should utilIze matenal
adapted to semi-and and and regIOns The results reported by Nachlt and Ouassou
(1988) on yield vanatlOns under water stress have contnbuted to a better
understand109 VanetIes With high yield under drought combmmg drought
tolerance, yield potential, and appropnate phenology should be developed The
physio-genetlc breedmg approach, as It IS apphed 10 the CIMMYT/ICARDA
durum project 10 the Middle East and North Africa us109 severe stress, moderate
stress, and favorable environment testmg, has resulted m the development of durum
cultlvars that aggregate yield potential, yield stablhty, and stress tolerance

Results

Testing has dealt With plant hydnc status (RWC, RWL, IS, HI), energetic status
(chlorophyll fluorescence), and osmoregulatIOn (prolme and soluble sugars
accumulatIOn) The results can be summarized as follows

• The analySIS of yield stabilIty shows three major groups (I) vanetles with
Wide adaptatIOn, (2) vanetles With mtermedlate adaptation, and (3) vanetIes
With narrow adaptatIOn

• PhYSIOlogical adJllstment responses are a function of the genotype Some
genotypes may express a fair tolerance to drought without havmg the same
mechamsms Generally, there IS an ongm effect of cultlvars on tolerance Some
traits seem to be rehable mdlcators of tolerance to water stress (osmotlcums,
fluorescence, and leaf hydnc potential).
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• Chlorophyll fluorescence was found to have transgressive inhentance The
other physIOlogical parameters have only mtermediate hentablhty compared to
the parents Fmally, physIOlogical models have been proposed and may serve
as selectIOn tools

Given the pnmary results and supplementary blOmetncal tests, yield stabIhty
analysIs shows a diversIty 10 response to environment constramts The genetic
expressIOn of vanetles depends upon the mtenslty of the Imposed constramts
AnalysIs of stablhty parameters and curves of regression allow us to group
varIetIes accordmg to theIr behavIOr

• Bidl 17, GG Rkhem, GlOIre de Montgolfier, Montpelher, and Oued ZenatI
have low yield whIch does not mcrease with favorable conditions

• Mexicah, Vltron, Waha, and ZB/Flg have hIgher yield than the mean of the
SIte Yield mcreases lmearly when condItions become more favorable These
types are to be recommended for favorable sites

• CapeltI, INRAT 69, Polomcum, and Sahel represent the group of genotypes
that are stable They are, as a matter of fact, old mtroductlOns that may have
been adapted to eXlstmg durum regIOns

In all cases, yield was found to be negatively correlated with the sensItivity mdex
to enVIronment constramts Further, from the correlatIOn found between
morphological parameters and yield, slgmficant traits can be Identified that explam
yIeld expressIOn under the vanous types of stress 10 terms of seventy, occurrence,
and tIme of occurrence PlastiCity of vanetIes has also been checked 10 terms of
spano-temporal conditIOns

• For favorable zones, Vltron should be a good Ideotype

• For unfavorable condItions, Bidl 17 IS an appropnate Ideotype

• For moderate water stress, Ideotypes such as Polomcum, INRAT 69, and
Capeltl are recommended

Among the physiological traIts whIch favor a water deficIt, fluorescence, hydnc
leaf potential, RWC, RWL, IS, and accumulatIon of osmolytes such as prohne and
soluble sugars seem to contnbute to the general adaptatIOn behavior The
combmatlOn of several traits (good accumulatIOn of prolme, hIgh RWC, and low
hydnc potential) may Justify the chOIce of phYSIOlogical models, but only when
yIeld IS high Cuitivars may be chosen for mclUSlOn and used 10 a germplasm
program accordmg to vanous approaches (analytical, tratt-by-traIt, or synthetIc)
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The use of contrasting models allows correction of failures observed 10 some
vanetles (Table 2)

• Hedba 3 (low values for prolIne and fluorescence)

Stork (high values for prolIne and fluorescence)

• Hedba 3 (low value for prolIne)

Waha (high value for prolIne)

• Bldl 17 (high values for prolIne and pSI, low yield)

Waha (high value for prolme, low value for pSI, high yield)

• Polomcum (low values for proline and pSI, low yield)

• Stork (high values for prolIne and pSI, high yield)

Table 1. Relation between grain yield. sensitivity index to environmental
consttaints (Smg. and morpho-phenological traits.
Site Year Correlation between traits
Khroub 1991 Yield / Height -070

1992 Yield / Height -070
1993 Yield / Fertile tillers +043

SIEC /Fertlle tillers -042
Tlaret 1991 SIEC / MatUring date -057

1992 Yield / Height -081
Yield / Heading date -084

SIEC / Height -063
1993 SIEC / MatUring date -055

SIEC / Heading date -067
SIEC / Height -070
SIEC/Yteld -099

Yield /Maturlng date -055
Yield / Heading date +069

Tessala 1991 SIEC / Height -070
SIEC / Awns length -062

1992 Yield / Height -067
Yield / Heading date -069

1993 SIEC /Yleld -099
Height / Awns length +070

Zidane 1991 SIEC / Height -076
SIEC / Heading date -064

1992 Yield /SIEC -065
SIEC / Height -074
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There IS a consistent relation between groups in terms of physIologIcal traIts and
expressed Yield stabilIty (Table I) VarIeties that belong to either one of the three
groups In the Yield-stabilIty analysIs express simIlar phYSIOlogical responses Does
that mean that phYSIOlogical traits construct Yield? This hypotheSIS IS JustIfied In
several cases, WIth the exceptIOn of those varIetIes that are resistant to drought but
also resistant to yIeld

Table 2. Expression of physiological ttaits in some durum varieties.
Traits Varieties

Hedba 3 Stork Waha Bldl 17 Polonlcum
Proline +/- + + +
Fluorescence +/- +
PSI +/- + + +
Grain yield +/- + +

The prelImInary genetic study, even though Incomplete, deals WIth FI populations
to detect any pOSSIble transgressIve effects Fluorescence does In fact generally
display thIS tendency, and thus may be used as an Important traIt IndIcator for
drought tolerance In durum
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Abstract

BroadenIng the genetic base of durum by Introducmg genes from wild progemtors
and prImitive forms IS a well-recogmzed techmque ThiS type of germplasm has
been used by breeders as a source of genes for disease resIstance, and, to a lesser
extend, for Improvmg abIOtic-stress tolerance For more efficIent use of Aegzlops
spp germplasm, a better understandIng of ItS potential usefulness m the
Improvement of tolerance to abIOtIc stresses IS needed Four different techmques
can accomplIsh thiS ecogeographical surveys, field evaluation, evaluation m
controlled conditIons, and IdentIficatIOn and study of morphophysIOlogical traits
related to abIOtIc-stress tolerance ExperImental data concernmg salt, cold, and
drought tolerance m Aegzlops spp were summarIzed Ecogeographical surveys In
SyrIa showed thatAe crassa was salt tolerant Ae tauschll (D genome) had a lower
Na accumulatIon In aerIal parts HIgh salt tolerance was found mAe tauschll and
Ae cylmdrzca (CD genome) Enhanced KINa dISCrImInatIOn was also observed In
Ae cylmdrzca) ThIS traIt was found to be absent In the species of the Sztopszs spp
sectIOn Aegzlops spp wIth C genome (Ae umbellulata, Ae kotschyz, Ae
trzunczalzs, and Ae ovata) tend to accumulate more Na m aerIal parts than Ae
tauschll and A e cylzndrzca, but consIderable vanabilIty for total salt load was
observed mAe ovata Other salt-tolerance-related traIts (vegetative growth, prohne
accumulatIOn, and fluorescence InhIbitIOn under salt stress) were exammed
acceSSIOns wIth low InhibItion of vegetative growth and high fluorescence belong
to the speCIes Ae columnarzs, Ae kotschyz, Ae ventrlcosa, Ae crassa, and Ae
sharonenszs Salt tolerance can be related to constitutive genomes (D genome) and
geographical ongIn High mtraspeclfic VarIabIlIty and varIabilIty wlthm a
populatIOn eXIst for all traits Cold resIstance covers two phenomena (chlllmg and
freezmg) chIllmg resistance corresponds to resistance to low temperatures (above
freezIng), and frost resIstance to freeZIng temperatures Screenmg of B genome
donors showed low cold resIstance, while D genome donors showed high frost
resIstance The G genome (orIgInated from Ae speltOldes) has good frost tolerance
Field observations showed thatAe sharonensls, Ae kotschyz, Ae umbellulata, Ae
trzarlstata, and Ae ovata may be frost resistant ScreenIng In controlled condItions
at -13 °C and -16°C showed thatAe tauschll and Ae speltOldes were more frost
resistant than Ae sharonenszs and Ae bzcornzs High frost resistance was found m
Ae cylzndrzca, low m Ae caudata, Ae comosa (M), and Ae speltozdes (Sj, and
mtermedIate m Ae trlUnczalls, Ae trzarzstata, Ae ovata, and Ae blUnczalzs ThiS
suggests the positIve effect of the U genome on frost resIstance
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The capacity to mamtam leaf water potential (LWP) IS an Important mechanism of
dehydratIon aVOIdance Aegllops kotschyl (the most xerophytIc specIes) mamtained
ItS LWP untd 40% of sod mOIsture had been depleted, It showed a higher degree of
relative stomatal openmg at all LWPs and a higher rate of CO2 fixation In Aegzlops
kotschyl, the enzymes mvolved 10 photosynthesIs and electron transport are less
affected by stress, and total soluble plant protems and leaf chlorophyll remamed
constant Relattve water content (RWC), recogmzed as a cntena of drought
tolerance related to osmotic adjustment, was determmed on 82 Aegllops spp
accessIOns from different ongms Few accessions have RWC values mfenor to
Kablr 1 (the drought-susceptIble check), most ICARDA drought-selected
accessIOns had RWC values supenor to Cham 1 (the drought-tolerant check)
Important mtraspeclfic varIabIlIty was noted for RWC (partIcularly 10 Ae ovata)
Evaluatton for 13CIl2C dlscrImmatton was also made Leaf water loss (LWL) of
12 Aegllops spp accessIOns was followed under controlled condItIons 10 growth
chambers Along wIth RWC data prevIOusly obtamed, three groups were
dlstmgUlshed accordmg to resIdual transpIratIOn rate (RTR) values Aegllops
speltoldes accessIOns were characterIzed by low stomatal transpIratIOn A strategy
was developed to reduce the number of accessIOns and to extract a subsample
representmg a large part of the varIabIlIty of the total collectIOn InformatIon was
taken from morphophysIOlogIcal traits, bIOchemIcal and molecular polymorphIsm,
and neutral markers The homeologous pamng 10 wheat IS controlled by a major
locus (PhI) on chromosome arm 5BL, the IsolatIOn of an mduced mutant at the PhI
locus has made It possible to transfer the ahen gene to wheat In addltton,
homeologous transfers can be obtamed usmg certam accessions of Ae speltoldes,
Ae caudata, and Ae mutlca, which suppress Ph 1 acttvlty m approprIated hybrIds
An assessment of the amount of ahen chromatm mtrogressed mto wheat IS the key
step 10 this analytical approach This mformatton IS actually lImited by the number
of markers that are available, and a development of bIOchemical and molecular
markers IS reqUIred for the charactenzatIon and momtonng of transfers
InformatIOn on blottc and ablOttc stress must be developed for use 10 the
constitutIOn of Aegzlops spp core collections, accordmg to the methodologies of
mtrogresston (analytic vs holIstiC) and the obJecttves ofselectton (speCific stress vs
multi-stress resistance)

Introduction

The necessity of broadenmg the genettc base of durum by mtroducmg genes from
non-conventIOnal genetic resources (wIld progemtors, prImitive forms) IS now
understood This type of germplasm has been Widely used by wheat breeders as a
source of genes for disease resistance (Dhahwal et al 1986) Its utlhzatton for
Improvmg abIOtic-stress tolerance IS considerably less developed For more
efficient use of Aegllops spp germplasm, a better understandmg of ItS potential
usefulness 10 the Improvement of abIOtiC stress tolerance IS needed Four different
ways are available for this purpose, as discussed below
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Ecogeographical Surveys

Ecogeographlcal surveys are particularly convement to examme the relatIOnshIp of
wild relatIves wIth envIronmental factors through dlstnbutIon patterns Such
surveys have been carned out for dIfferent Aegllops spp by Sankary (1990) m
Syna, Zahaneva (1993) m Bulgana, VOjdam and Meybodl m Iran (1993), and
Della and Barl (1993) m Cyprus

Field Evaluation

Screenmg of wild germplasm for salt and drought tolerance has been attempted on
the shores of Lake Jabboul m northern Syna (Damama et al 1988) and m the
Pendjab desert (Damama et al 1992), respectIvely Results are, however, hIghly
dependent on seasonal chmate

Evaluation in Controlled Conditions

This procedure, widely used to screen cultIvated wheat genotypes for salt (Tlmm et
al 1991) and frost tolerance, has been also applIed to wIld relatives (Farooq et al
1989, Barashkova and VavIlov 1991, Damama et al 1993)

Morphophysiological Traits Related to Abiotic Stress Tolerance

ThIS approach alms at a better understandmg of stress tolerance mechamsms as
well as a defimtIon of the morphophySIOlogIcal cntena permlttmg analySIS ofmtra
and mterspeclfic vartatIons and a rapId screemng of potenttally useful accessIOns or
recombmant lInes

The objective of this paper IS to summanze expenmental data concernmg salt, cold,
and drought tolerance m Aegllops spp and to define a strategy of management and
utIlIzatIOn of this germplasm m durum breedmg

Salt Tolerance in Aegilops spp.

Ecogeographlcal surveys carned out m Syna by Sankary (1990) show that some
species such as Ae crassa are able to survive m salt-affected environments In
controlled condItions, Shah et al (1987) observed lower Na accumulation m aenal
parts mAe tauschll (0 genome) than m other species Farooq et al (1989) found
high salt tolerance mAe tauschll and Ae cylmdrlca (CD genome) Enhanced KINa
dlscnmmatlOn was also observed mAe cylmdrlca by Farooq et al (1989) Gorham
(1990) shows that thIS trait IS absent m the species of the SltOPS1S sectIOn Aegllops
spp With C genome (Ae umbellulata, Ae kotschYl, Ae trluncw!ls, and Ae ovata)
tend to accumulate more Na m aenal parts than Ae tauschll and Ae cylmdrlca, but
conSIderable variabilIty for total salt load was observed mAe ovata (Farooq et al
1989)
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Other salt-tolerance-related traits (vegetative growth, proline accumulatIOn, and
fluorescence mhlbitlOn under salt stress) were exammed on 45 accessions
belongmg to 17 specIes (Xu et al 1993, FIg 1) In the PCA carned out among
Aegzlops spp, 623% of the vanatlon IS explamed by the two first PCs, the X aXIs
IS closely related WIth the vegetatIve growth mhlbltIon of roots and aenal parts
(r=O 83** and 0 71 **, respectIvely), and the Y axIS WIth the fluorescence emIssIon
(r=O 56*) Most accessions wIth low mhlbltion of vegetatIve growth and hIgh
fluorescence emISSIon belong to specIes Ae columnarzs (No 7), Ae kotSChyl (No
9), Ae ventrzcosa (No 11), Ae crassa (No 12), and Ae sharonensls (No 17)
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Figure 1. Multivariate analysis (PCA) of four salt-tolerance-related traits in
Aegllops accessions plotted against the first two principal components.
SIAP=susceptibility index of aerial part; SIR=susceptibility index of roots;
PRO=proline content; FLUO=fluroescence inhibition. From Xu et aI. (1993).

The followmg can be concluded

• Salt tolerance m WIld relatIves may be related to constItutIve genomes (e g
hIgh tolerance assOCIated wIth D genome) and WIth geographIcal ongm (most
tolerant acceSSiOns ongmate from salt-affected areas)

• Very hIgh mtraspeclfic varlablhty and vanablhty wlthm a populatIon eXIst for
all morphophysiOlogIcal traIts Screenmg and breedmg procedures specIfically
adapted to thIS type of germplasm need to be defined
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Cold Resistance in Aegilops spp.

Cold resistance covers two different phenomena (Levitt 1980)

• Chllhng resistance, which corresponds to resistance to low (above-freezmg)
temperatures

• Frost resistance, which corresponds to resistance to freezmg temperatures

Chllhng and freezmg stresses and their respective resistance mechalllsms have
different meanmgs m theory, practice, and Imphcatlons (Blum 1988)

Data on chllhng and frost resIstance m bread wheat and durum and m wIld relatIves
are rather hmlted Extensive screelllng of ancestral wheat species was camed out
by Barashkova (1981) and Llmm (1981) to Identrfy potentIal sources of frost
resIstance Both authors concluded that B genome donors, ongmatmg from the
MedIterranean region, have poor reSIstance, while D genome donors are valuable
sources of frost resistance In additIOn, Barashkova (1981) determmed that the G
genome (ongmatmg from Ae speltOldes) has good frost tolerance Study of
Aegllops spp populations for Improvement of frost resistance m wheat (and
particularly m durum) has been camed out Prehmmary mformatlOn obtamed by
Damallla (1990) from observatIons m the fieid (Aleppo, 1991/92) mdIcate that Ae
sharonensls, Ae kotschy" Ae umbellulata, Ae trlarlstata, and Ae ovata are frost
reSIstant Screelllng m controlled conditIons at -13°C and -16 DC, attempted by
Barashkova and Vavllov (1991), shows that Ae tauschll and Ae speltOides are
more frost resistant than Ae sharonensls and Ae blcorms These authors confirm
that D genome IS responsible for the hIgh frost resistance of Ae tauschll, and
postulate than the D genome may neutrahze the depreSSive effects of other
genomes assocIated WIth It Ae cylmdrzca (CD) IS more resistant than Ae caudata
(C), and the hexaplOId wheats (ABD) more reSIstant than durum (AB) or Aegzlops
spp of the SitOPS1S spp sectIOn

Data obtamed by Stankova and Zahaneva (unpubhshed), under controlled
conditIons at -18°C, also confirm the hIgh frost resistance ofAe cylmdrzca and the
low resistance ofAe caudata (FIg 2) Low resistance was observed mAe comosa
(M) and Ae speltOldes (S) IntermedIate reSIstance was found III Ae trlUncwhs, Ae
trwrzstata, Ae ovata, and Ae bluncwhs, which suggests a posItIve effect of the U
genome on frost resistance The most resistant species have the highest plasticity
In a prehmmary expenment on Aegllops spp of Bulganan ongm, an Important
mtraspeclfic vanabIhty was noted, partIcularly III Ae ovata (Table 1) AcceSSIOns
ongmatmg from mountamous regIOns (StrandJa and Rhodopes mountams)
generally have higher resistance than accessions from plams and coastal regions
High frost-resistance was found m populatIOns 89E134, 89E140, and 89E162
Expenments are presently belllg camed out to confirm the role of vanous genomes
m frost tolerance, to more deeply analyze the mtraspeclfic vanabllIty and Its
pOSSible causes (particularly III Ae ovata), and to screen accessIOns WIth potential
usefulness to enhance frost reSIstance III durum and even m bread wheat
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Figure 2. Average frost tolerance of different Aegilops species (percent of
survival at -18°C). I=AegiIops umbeHuIata (U); 2=Aegi1ops cylindrica (CD);
3=AegiIops triundalis (UC); 4=AegiIops triaristata (Umt); 5=AegiIops ovata
(Umo); Aegilops biuncialis (Umb); 7=Aegilops caudata (e); 8=Aegilops
speltoides (S); and 9=AegiIops comosa 00.
No mformatiOn is currently aval1able concernmg the effects of low (no-freezmg)
temperatures on growth m Aegzlops spp (chillmg resIstance) AnalysIs of the effect
of low temperatures on photosynthesIs (based on CO2 assiml1atIOn and chlorophyll
fluorescence measurements) IS, however, projected, m collaboratIOn wIth the
Faculty of Agronomical SCiences of Gembloux, BelgIUm Assessmg these traits on
the Bulganan collectIOn w111 also clanfy the genetIc relatiOnshIp between frost
resIstance and reactIOn to low temperatures

Drought Tolerance in Aegilops spp.

Smce the capaCity for maintammg leaf water potentIal has been descnbed as an
important mechamsm of dehydratIOn aVOidance (LeVItt 1980), thIS traIt was used
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by Shimshl et al (1982) to compare Aegzlops kotschYl (the most xerophytic of the
wIld wheat specIes that mhablt the Negev desert) wIth bread wheat cultlvars (cvs
Chmese Sprmg and Seeon) Aegzlops kotschYl was found to mamtam Its LWP until
40% of SOli mOIsture had been depleted ConcomItant WIth hIgher LWP, Ae
kotschYl mamtamed a hIgher degree of relative stomatal opemng and a hIgher rate
of CO2 fixation Usmg the same germplasm, Mayoral et al (1981) found that the
enzymes mvolved m photosynthesIs and electron transport are less affected mAe
kotschYl At the whole plant level, he found that total soluble plant protems and leaf
chlorophyll remam constant under stress m wl1d speCIes

Relative water content, recogmzed as a cntena of drought tolerance related to
osmotIc adjustment, was studIed on 82 Aegzlops accessIOns from three gene banks
(lCARDA, Syna, IIPGR, Bulgaria, and INRA Rennes, France) followmg 12 days
of water stress (FIg 3) Aegllops accesSIOns from ICARDA had been prevIOusly
screened based for survIval under the condItIOns of the PendJab desert (Damama et
al 1992) Expenments were carned out under controlled condItions (12 hour
photopenod, au temperature 21 DC dunng the day and 18 DC at mght, RH 60%,
photosynthetic photon flux denSIty 0 45 f.1mol m-2/s-1) The Aegllops acceSSIOns
(SIX plants per acceSSIOn) were compared to two durum checks Cham 1 (drought
tolerant) and Kabir 1 (drought susceptible) After the stress, leaf water potential
reached -2 0 MPa m Cham 1 and -2 5 MPa m Kabir I, WIth relatIve water content
78 and 64%, respectIvely Few acceSSIOns showed RWC values mfenor to Kabir 1,
most of the preselected acceSSIOns from the ICARDA gene bank showed RWC
values supenor to Cham 1 Average RWC values for some speCIes are gIven m
FIgure 4 Smce Important intraspecIfic vanabIlIty was found for RWC (partIcularly
mAe ovata), each plant was mdividually replanted, and famihes ongmatmg from
promlSlng plants were re-tested for RWC and also evaluated for 13CII2C
dlscnmmatlOn

Leaf water loss for 12 Aegzlops accessIOns was studIed under controlled condItions
(accordmg to Clarke and Romagosa 1989) m growth chambers at Barcelona
Umverslty Results on epIdermal and stomatal water loss after 2 hours of fohar
desiccatIOn are presented on Table 1 Three groups were identIfied accordmg to
reSIdual tranSpIratIOn rate HIgh RTR values were observed m acceSSIOns
preselected m the PendJab desert Both Ae speltOldes acceSSIOns are charactenzed
by low stomatal transpIratIOn Aegllops ovata accessIOn 88E206 from the TundJa
valley of Bulgana, preVIOusly Identified as unable to mamtam ItS RWC under water
stress, has hIgh stomatal and reSIdual transpIratIon DetaIled curves of water loss vs
tIme are presented for two contrastmg acceSSIOns (91/24 and 88E206 from
Bulgana) m FIgure 5
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nutica; ovat=Aegilops ovata; sear=Aegilops searsii; shar=Aegilops
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Table 1. Water loss in Aegilops accessions.
Species Accession Origin RTR ST TWL2h TRE (%)

A speltoldes 91/24
A ovata 88E211
A caudata 91/63

A ovata
A ovata
A ovata
A ovata
A ovata

A ovata
A ovata
A speltoldes
A. ovata

88E228
89E186
89E124
M94/1
88E164

88E149
88E206
90E762
89E162

LowRTR
BUlgaria 0 0075
Bulgaria 0 0076
Bulgaria 0 0078

Intermediate RTR
Bulgaria 0 0095
Bulgaria 0 0100
Bulgaria 0 0108
France 0 0112
Bulgaria 0 0120

High RTR
Bulgaria 0 0135
BUlgaria 00147
Bulgaria 0 0148
Bulgaria 0 0160

121

034
120
096

1 41
036
043
024
090

054
1 53
022
050

1 240
2110
1 896

2550
1 560
1 726
1584
2340

2160
3294
1996
2420

7906
7010
7269

6135
6839
8095
8645
8920

8032
6920
7635
8255
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Management of Aegilops Germplasm

Core Collections

CollectiOn, conservatIon, and management of wIld genetIc resources are now
recogmzed by cereal breeders as an Important strategy Two problems remam to be
solved

• How to charactenze and evaluate wIde quantIties of acceSSiOns already present
m the natIOnal or mternatiOnal gene banks

• How to effiCIently manage utIlIzatIOn of thIS matenal m breedIng programs

Many authors (Frankel 1984, ErskIne and Muehlbauer 1991, SpagnolettI, ZeulI and
Qualset 1993, and Brown 1994) have InsIsted on the Importance and the feaSIbIlIty
of core collectIons The prIncIple of thIS strategy IS to reduce the number of
acceSSiOns studIed by extractIng "a subsample representmg a large part of the
variabIlity of the total collectiOn" from the bank Expenmental work IS beIng
carried out to define the prIncIples of stratIficatiOn In groups and of samplIng
WIthIn these groups

StratificatIOn of the collectIon must take mto account the type of matenal, the type
of Information avaIlable, and the ObjectIves of the breeder Successful stratIfication
must'
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• Involve biogeographIcal mformatlon

• Use the tools of hierarchical classificatIon

In Aegzlops species, where dlffuslOn IS probably strongly dependent on
environmental factors, It IS convenIent to stratify by species, then by
bIOgeographical data InformatIOn needed for thiS procedure mcludes

• The locatIOn of the collectlOn, and morphological descnptors

• AgronomIcal or morphophYSlOlogIcal traits potentIally useful to the breeder
(disease resistance, abIOtic-stress tolerance)

• Information provIded by hIghly polymorphic neutral molecular markers (e g
RAPD markers)

The chOIce of acceSSIOns wIthm the groups can be based on

• ClaSSIcal random-samphng methods (Lande and Barrowclough 1987, Brown
1989, Chakraborty and Neel 1989, and Schoen and Brown 1994)

• DeterminIst samplIng, based on the maximIzatIOn of allele number (Schoen and
Brown 1994) or of phenotypic diversity (NOlrot et al 1994) wlthm the core
collectIon

An Important problem In the constitutIOn of core collectIOns IS to know whIch
''type of diversity" to maXImize or, In other words, which cntena to use to analyze
the genetIc diversIty These CrItena can be

• MorphophyslOloglcal traits, which show a contInUOUS dlstnbutlOn eaSily
expressed by the use of quantItative genetIcs ThiS vanablhty presents a direct
Interest for breeders, the expreSSlOn of these traits, however, IS highly
dependent on environmental factors (Mltchell-Olds and Rutledge 1986) and
could be expensive In a large collectIOn

• BIOchemIcal or molecular polymorphism, m whIch the determInatIOn of the
number of alleles allows the calculatIOn of Nell or Shannon diverSity Indices
Little mformatlOn IS avallable concernmg the role of major genes In adaptatIOn
to environmental factors and the characterIZatIOn of selected polymorphlsms IS
rather dIfficult Progress with thiS type of approach IS highly dependent on
access to advances In clonmg major genes of agronomlcal mterest

• Neutral markers, which give mformatlOn on the evolutIOnary history of a group
of populatIons They allow redundancy to be ehmInated by calculatIng genetic
distance between acceSSlOns It IS pOSSible that, In the near future, rapId
screenmg of a whole collectIon Will be feaSible through the use of markers such
as mtermIcrosatelhte amphficatlon
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The constitutIOn of a core collection of Bulganan Ae ovata IS complete, based on
13 quantitative morphological characters and mne quahtatIve characters
(morphological traits, frost and sodIUm resistance, and ecogeographlcal ongm)
Traits related to drought tolerance, and Isoenzymatic and RAPD markers are
actually used as additIOnal mdicators to improve the defmltlOn of the core
collectIOn Three different groups have been identified, correspond109 to three
ecogeographlcal ongms (Zahaneva, personal commumcation) This research can be
further extended to other species present 10 Bulgana (Aegzlops cylmdrzca, Aegzlops
tnarzstata) and other Mediterranean countnes

The groundwork has already been laid for the creatIOn of a core collection for
Aegzlops spp for the SEWANA project

• Extensive collectIOns have been made m West ASia and North Afnca by
ICARDA (Damama et al 1992), m Bulgana by Zahaneva (1993) and m
Morocco (Benlhabib and Zahaneva, unpubhshed) CollectIOns have also been
Imtlated m the south of France

• Vanous bIOtic and abiOtic stresses have been evaluated

• Isoenzymatic and molecular tools are avaIlable m many countnes for this
purpose

Aegilops in Durum Breeding: Analytical and Holistic
Approaches

The analytical approach to transferrmg deSirable genes from wtld relatives to wheat
conventIOnally mvolves producmg an amphiplOid between durum and wild
gemtors However, these plants, which combme the D genomes of wheat with alten
species, are usually unstable, with low yield and quahty, and are thus madequate
for direct use by the breeder Homeologous pamng 10 wheat is controlled by a
major locus (PhI) on chromosome arm 5BL (Riley and Chapman 1958) The
isolation of an mduced mutant at the Ph1 locus (Sears 1977) has made it possible to
transfer the alten gene to wheat (Liang et al 1979) In addition, homeologous
transfers can be obtamed usmg certam acceSSiOns of Ae speltozdes, Ae caudata,
and Ae mutlca, which suppress the activity of Ph1 An assessment of the amount of
alien chromatm mtrogressed mto wheat is the key step m this analytical approach
This mformatlOn is actually hmited by the number of markers avatlable, and a
development of biochemical and molecular markers IS reqUired for the
characterizatIOn and momtormg of transfers For this purpose, several
complementary methods must be developed, such as isolation, clonmg, and
charactenzatlon oftandem repeated species-specific sequences of wild relatives In
the SEWANA program, this analytical research has been developed by the ETSIA
Universidad Pohtecnica in Madnd, With the aim of mtrogressmg deSirable genes
from Aegzlops mto durum
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The holistIc approach, developed by ENSA-INRA Montpellier, France, is a
complementary approach to usmg Aegzlops germplasm m wheat breedmg It
consIsts of a maSSIve and non-specIfic wldenmg of the genetIc basIs by means of
mterspecIfic crosses, followed by the "dynamIc management" of the mterspecIfic
pools (Henry et al 1991, Le Boulch et al 1994) ThIs approach reqUIres

• A method of mterspeclfic hybrIdIzatIOn that obtaIns a great number of
mterspecIfic hybrIds WIth the least amount of tIme and money The method
consIsts of a durum prevIOusly doubled by colchlcm as a female progemtor
The hybrId obtamed by crossmg WIth an Aegzlops acceSSIOn has the same
genomIC composItIon as obtamed 10 the claSSIcal way, but two steps are
elImmated doublIng of each embryo by colchIcm treatment, and manual
cross109 ofthe recurrent parent

• A lImItatIOn m the number of crosses carrIed out ThIS goal can be achIeved by
IdentIfy109 mdlvldual plants or famIlIes representmg the wIdest VarIabIhty,
whIch reqUIres the prevIOus constItutIOn ofa core collectIon

• An experImental network usmg contrast109 and well-known selectIon pressures
and consequent selectIon for dIfferent envIronmental constramts

ThIS approach IS supported by the results of a dynamIC management of genetIc
resources of bread wheat (DaVId, personal commumcatlOn), whIch shows that
natural selectIOn leads rapIdly to adaptatIOn 10 populatIons It IS also supported by
the observatIOn that ecogeographIcal dIfferentIatIOn among Aegllops accessIOns can
be attrIbuted to adaptatIOn to envIronmental stresses

Conclusion

InformatIOn IS stIll needed concernmg the potentIal for salt, cold, and drought
reSIstance of the varIOUS Aegllops speCIes Smce abIotIc-stress reSIstance depends
on several mechamsms and morphologIcal traIts, baSIC mvestIgatlOn IS stIll needed
to deCIde whIch traIts have prIOrIty for introgresslon mto durum WIthout affectmg
productIVIty Several laboratOrIes have been asked to carry out thIS type of research
WIthIn the SEWANA project InformatIOn concernIng bIOtIC and abIOtIC stresses
must be orgamzed and managed to help create core collectIOns and to IdentIfy
accessIOns for crOSSIng programs accord109 to mtrogresslOn methodology (analytIC
vs holIstIc) and selectIOn ObjectIves (speCIfic stress vs multI-stress reSIstance)
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Abstract
Some taxa, such as Tntlcum turgldum subspp dlcoccOldes, dlcoccon, polomcum,
and carthlIcum, represent a promlsmg source of disease resistance, high protem
content, and drought resistance Tntlcum dlcoccon shows many mterestmg
agronomlcal characters, such as bIOmass productIon, number of tillers and spikes
per plant, number and deepness of roots, and mamtenance of high relative water
content (RWC) under water stress TrItIcum polomcum has a long peduncle, long
awns, good spike fertilIty, high 1,000 kernel weight, and a good superficIal rootmg
pattern Tntlcum carthlIcum generally has good tIlIenng abilIty and good spike
fertJllty Tntlcum dlcoccOldes has good tillenng capacity The osmotic adjustment
capacIty of T dlcoccOldes, the genetics of RWC, and qualIty traits were studied
The capacIty for mamtammg hIgh RWC, or mcreasmg leaf osmotIc potentIal
(LOP) when leaf water potentIal (LWP) IS decreasmg, were also studied RWC,
LOP, and LWP were assessed m five durum genotypes (Cham 1, Jennah Khetlfa,
KOrItla, Oued ZenatI, and Kablr 1) and T dlcoccOldes 600-808 Results show that
the durum cv Cham 1 and T dlcoccOldes 600-808 mamtam their RWC under
stress, whlle Kablr 1, Kontla, Oued Zenatl, and Jennah KhetIfa rapidly decrease
RWC with mcreasmg LWP and Ln(LOP) Leaf RWCs for T polomcum, T
dlcoccOldes, and T carthlIcum were hIgher than for T durum and T dlcoccon
AccessIOns (T polomcum, T dlcoccon, and T carthlIcum) with the highest RWC
were crossed with Cham 1 (drought tolerant durum), and their F2 populatIOns were
assessed Similarly, T dlcoccOldes were crossed with the durum vanety Kontla
and assessed for RWC The distrIbutIOn ofRWC m the four populatIOns suggested
a polygemc determmlsm for this tratt Broad- and narrow-sense hentabilItIes were
determmed The high mean value of the F2 over the mean of the parents suggested
overdommance effects and transgressive mhentance A divergent selection was
InItIated for the crosses of T polomcum, T dlcoccon, and T carthlIcum to
determme narrow-sense hentabilIty and response to selection, and to valIdate the
possible use of this trait m breedmg programs In the T polomcum x T durum F2

populatIon, RWC showed sIgnIficant correlatIOn With the harvest mdex (r=0 66**)
One smgle cycle of dIvergent selection appears to mcrease the average RWC value
RealIzed hentabIlltIes for RWC showed the highest value for the T polomcum
cross and the lowest value for T carthlIcum Although backcrossmg has decreased,
the transgressIve pOSItIve effects of RWC, approximately 10% of the BC I plants
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mamtamed higher values than the T d,coccOides parent, and 75% higher values
than Konfla The effect of us109 T polomcum, T dlcoccon, and T carthhcum on
durum qualIty was evaluated Protem content was higher 10 all tested mterspeclfic
hnes than 10 the durum check (Omrabl 5), and some lInes also showed higher gram
yield and 1,000 kernel weight than the check Evaluation of AB tetraplOid wheats
for drought-tolerance-related traits mdlcates that many acceSSIOns are potentially
useful for the Improvement of drought tolerance 10 durum

Introduction

Smce the variabilIty of drought-tolerance-related traits IS rather lImited m durum,
mterspeclfic crosses would appear to be a good tool to mtroduce such traits mto
durum germplasm While the utilIzatIOn of wild species of the Aegzlops genus
presents many difficulties (see Reklka et al , thiS proceedlOgS), mterspeclfic crosses
between durum and the other tetraplOid species of the Trztlcum genus (particularly
those With AB genome) could represent a promlsmg and more rapid tool
Arguments for a more extensive use of AB tetraplOId wheats m durum breed109

have been preVIOusly presented (AI Haklml and Monneveux 1993a) Crosses
between T durum, T polomcum, and T d,coccon produce high proportions of
fertile FI seed (Gngnac 1965) Some speCies, such as T dlCoccoldes, represent a
promlsmg source for disease resistance (Joppa and WillIams 1988, Nachlt 1990)
and high protem content (Nachlt 1987, DamaOia et al 1988) High levels of
drought tolerance have been reported 10 T d,coccon (GrIgnac 1965), T polomcum,
and T carthlzcum (Van S1ageren et al 1991)

Yield components and some morphophySIOlogical drought-tolerance traits have
been descrIbed m the AB tetraplOid species (AI Haklml and Monneveux 1993a)
Trltlcum d,coccon shows many mterestmg agronomlcal characters, such as bIOmass
productIOn, number of tIllers and spikes per plant, and number and deepness of
roots Many accessIOns of thiS species also exhibit a capacity to mamtam high
RWC under water stress Trztlcum polomcum has a long peduncle and awn length
Both attrIbutes are deSirable under tennma1 water stress (Nachlt 1984, AlI Dlb and
Monneveux 1992) This species IS also characterIzed by good spike fertIlity, a high
1,000 kernel weight, and a good superfiCial rootmg pattern Triticum carthhcum
generally has good tIllerIng abIlity and good spike fertilIty Trztlcum d,Coccoldes
presents a good tIllermg capacity (Nachlt 1990, DamaOla et al 1990) Other studies
m thiS proceedmgs dealIng With the potential mterest of these four tetraplOid
species mclude

• Osmotic adjustment capacity of T d,coccOides

• Genetics ofRWC m crosses between T durum and some tetraplOid species

• QualIty traits of some mterspeclfic hybrIds
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Osmotic Adjustment Capacity in Triticum dicoccoides
The capacity of mamtammg high RWC, or mcreasmg LOP when LWP is
decreasmg, appears to be a good cntenon of drought tolerance m cereals (Acevedo
1987, Schonfeld et al 1988) RWC, LOP, and LWP were assessed m controlled
conditIOns (20°C day/18 °C mght, relative humidity 60% day/70% mght, PPFD
450 /lmol m-2 s-I) for 12 days of water stress on 5 durum genotypes (Cham 1,
Jennah KhetIfa, Konfla, Oued Zenati, and Kablr 1) and on T dlcoccOldes 600-808
Results of this expenment, presented m Figure I, show that the drought tolerant
durum Cham I and the T dZcoccOldes 600-808 acceSSIOn were able to mamtam
their RWC durmg the stress, whtle the RWC values for Kabir I and Konfla, and
for the landraces Oued ZenatI and Jennah Khetlfa, decreased rapidly With
mcreasmg LWP and Ln(LOP) These results let us postulate a good osmotic
adjustment capaCity for the wtld genotype, which could be transferred mto durum
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Figure 1. Osmotic adjustment of durum varieties and one accession of T.
dicoccoides 600808.

Genetics of Relative Water Content

Segregation of RWCs in F2 Interspecific Populations

Measurmg leaf RWC (greenhouse conditions, at Sixth leaf stage, on the Sixth full
expanded leaf) under mOisture stress conditions shows that T polonzcum and
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T carthlzcum had hIgher values than T durum and T d,coccon (AI HaklmI and
Monneveux 1993b) HIgh RWC values were also observed 10 T d,coccOldes (FIg
1) The acceSSIon WIth the hIghest RWC value was chosen from each of the
domestIcated speCIes (T polomcum, T dlcoccon, and T carthlzcum) and crossed
wIth Cham 1 (drought-tolerant durum) RWC was assessed under the same
experImental condItIOns 10 the 10terspecific F2 populatIons (FIgS 2a, b, and c)
TritIcum dlcoccOldes was crossed wIth the durum varIety KOrIfla (wIth T
dlCoccoldes as the male parent) and RWC was measured m controlled condItIOns
(FIg 3) The dIstrIbutIOn of RWC m the four mterspecific populatIOns suggests a
polygeOlc determmism for thIS traIt Broad-sense herItabIlIty (h2), evaluated us109
data obtamed from the F2 segregatIve populations, accordmg to the formula

h2 = [var F2 - var (PI + P2)/2] var F2

was found to be hIgh, partIcularly m T durum KOrIfla x T d,Coccoldes 600-808
and m T polomcum x T durum Cham 1 (Table 1) In the crosses WIth T
polomcum, T carthlzcum, and T dlCoccoldes, the mean value of the F2 was hIgher
than the mean of the parents (FIgS 2a and b), whIch suggests the effects of
overdommance The hIgh herItabIlIty of thIS traIt, as well as ItS transgreSSIve
mherItance shown 10 all F2 populations, IS encouragmg for the manIpulation of thIS
attrIbute m a breed10g program Consequently, a dIvergent selectIon was mltIated
for T polomcum, T dlcoccon, and T carthlzcum to determ10e the narrow-sense
hentabilIty and response to selectIon, and to valIdate the possIble use of thIS traIt m
breedmg programs In addItion to RWC measurements, some morphologIcal traIts
of the F2 plants were assessed, a sigOlficant correlatIOn was noted m the T
polomcum x T durum F2 populatIOn between RWC and harvest mdex (r=0 66**)

Table 1. Heritability for relative water content in interspecific crosses.
F2 popUlation

T polon/cum 9 x Cham 1
T d,coccon 1 x Cham 1
T carthllcum 12 x Cham 1
Konfla x T d,cocco,des 600808

For abbreViations, see text

h2
Broad sense

073
030
058
097
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h2
Narrow sense

059
074
026

h2
Realized

heritability
091
079
051
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Divergent Selection for RWC

The effects of dIvergent selectIOn based on the RWC of the F2 populatIOn on the
RWC of F3 populatIon are presented m FIgures 4a and bOne smgle cycle of
dIvergent selectIOn appeared to mcrease the average RWC value The F3/F2
regreSSIOns (narrow-sense hentabIhtles) are gIven m Table 1 The F3 plants were
submItted to a second cycle of selectIOn for RWC, and the F4 seed from these
plants was sown at Montpelher for agronomIcal study Although the cltmatIc
condItIOns (moderate drought) dId not permIt an optImal expressIOn of the role of
RWC m tolerance, dIfferences were observed for several agronomIcal traIts
between the RWC- and RWC+ groups for the crosses T polomcum x T durum,
and T dlcoccon X T durum (FIgs 5a and b) Reahzed hentablhttes (whIch are a
good mdlcator of selectIon effiCIency) were calculated for the three crosses (Table
1) The hIghest value was obtamed when T polomcum was used III the cross, and
the lowest when T carthbcum was used
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Effects of Backcrossing

If progemes of smgle mterspecIfic crosses often present undesIrable traIts mhented
from wIld or exotIc progemtors, backcrosses (wIth the Improved varIety as a
recurrent parent) are needed to conserve the favorable traits The pOSSibilIty of
conservmg the mtrogressed traIt (RWC m our case) through successive backcrosses
must be evaluated FIgure 3 presents the dlstnbutIOn ofRWC values m F2 and BC I

populatIOns from T durum x T dlCoccoldes Although backcross by the Improved
parent decreased the transgressive pOSItIve effects on RWC, 10% of the BC I plants
mamtamed hIgher RWC values than the T dlCoccoldes parent, and 75% had hIgher
values than Konfla PrelImInary results are encouragmg for the future of
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mtrogressmg this trait However, crossmg durum with related species IS reported
to strongly affect the qualIty of the cultivated species Thus, the effect on durum
quahty ofusmg T polomcum, T dlcoccon, and T carthilcum m was evaluated

Quality Traits in Interspecific Hybrids
Thousand kernel weight, protem content, sedimentation value, yellow berry, and
semolIna color were assessed m F3 and F4 mterspeclfic populatIOns selected wlthm
an F2 progeny descnbed by AI Haklml et al (1994) Multlvanate analySIS of the F3
populations was carned out by the use ofpnnclpal component analySIS (PCA) The
first two PCs accounted for 70 5% of the vanatlOn (Fig 6) The x aXIS, which IS the
component extracted first, was pOSItively correlated With SDS (FO 63) and protem
content (FO 62), and negatively correlated With 1,000 kernel weight (FO 58), yield
(FO 79), and yellow berry (r=O 60) Highest protem content and SDS
sedimentatIOn values were obtamed m a cross between a landrace from Iraq and a
T carthilcum acceSSion, and m a cross between T d,coccon and the durum vanety
Omrabl 5 These F3 populations were sown at two locatIOns (MontpellIer and
Aleppo) and mdlvldual plants selected on the baSIS of agronomlcal traits The
correspondmg F4 seed was sown at Montpelher Protem was assessed on the bulked
hnes Protem content was higher m all tested mterspeclfic hnes than m the durum
check (Omrabl 5), and some hnes also had higher gram yield and 1,000 kernel
weight than the check Higher protem content was registered m the lInes denved
from F3 plants selected m the favorable environment (Montpelher)
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Conclusion
EvaluatiOn of AB tetraplOId wheats for drought-tolerance-related traIts mdlcates
that many acceSSiOns are potentIally useful for the Improvement of drought
tolerance m durum The abIlIty to mamtam RWC under water stress, a cntenon
closely related to osmotic adjustment capacIty, appears to be polygenIc and highly
hentable Important pOSItive transgressive effects were, moreover, observed m
some mterpeclfic crosses All thiS, as well as the posslblltty of mtroducmg gram
qualIty charactenstlcs, such as protem content, mto durum by way of mterspeclfic
crosses, IS encouragmg for the use of AB tetraplOId wheats m durum Improvement

References

Acevedo, E 1987. Assessmg crop and plant attrIbutes for cereal Improvement m
water-hmlted MedIterranean enVIronments. Pages 303-320 m Drought
Tolerance m Wmter Cereals (J.P. Snvastava, E Porceddu, E Acevedo, and S
Varma, ed) John WIley and Sons.

A! HakImI, A and P Monneveux. 1993a Vanatton of some morphophYSIOlogical
traits of drought tolerance m tetraplOId wheats Pages 199-216 In

BIOdIversIty and Wheat Improvement (A B Damama, ed) John WIley and
Sons.

AI HakInu, A and P Monneveux. 1993b Charactere d'enracmement et capaclte de
mamtIen de la turgescence chez les especes pnmltlves tetraplOldes de ble
UtthsatIon de ces caracteres pour 1'ameliOration genetIque de la tolerance a la
secheresse chez Ie ble dur. Pages 321-339 In Tolerance a la secheresse des
cereales en zone medlterraneenne Dlverstte genetlque et ameliOratIOn
vanetale (P Monneveux and M Ben Salem, ed) INRA, Pans Les Colloques
No 64

AI HakImI, A, P Monneveux and M Nachlt 1994 Use of ahen tetraplOid wheat
speCIes to Improve drought tolerance In durum Colloque EUCARPIA
Ressources genettques, Clermont-Ferrand, 15-19 March, 1993 (m press)

Ail Dlb, T and P. Monneveux. 1992 Adaptation ala secheresse et notion d'ideotype
chez Ie ble dur I Caracteres morphologIques d'enracmement Agronomle 12
371-379

Damama, A B , L Pecettt and S. Jana 1990 Evaluation for useful genetic traIts m
pnmlttve and WIld wheats Pages 57-64 m Wheat Genetic Resources
Meetmg DIverse Needs (J.P Srivastava and A.B. Damarua, ed )

Damanla, A B , M Tahrr and B H Somaroo 1988 Improvrnent of Tntlcum durum
protems utlhzmg WIld gene resource of T dlCoccoldes Koern Pages 937-941
in ICARDA Improvements m T durum protems

Gngnac, P 1965. Contnbutton a l'etude du Tritlcum durum DESF These de
Doctorat, Uruverslte de Toulouse.

Joppa, L Rand N.D WIlliams. 1988 GenetICS and breedmg of durum m the Uruted
States In Durum: ChemIStry and Technology (G Fabnam and C Lmtas, ed )
Amencan AsSOCIatIOn Cereal ChemIStry St Paul, Mmnesota, USA

137



Nachlt, M M 1984. Cereal Annual Report, Durum breedmg. ICARDA, EN, Aleppo,
Syna.

Nachlt, M.M 1987. Cereal Annual Report, Durum breedmg. ICARDA, EN, Aleppo,
Syna

Nacmt, M M 1990 Cereal Annual Report, Durum breedmg ICARDA, EN, Aleppo,
Syna

Schonfeld, M.P., J.C. Richard, B.P. Carver and N W Mornhl 1988 Water relatlons
m wmter wheat as drought resistance mdlcators Crop SCIence 28' 526-531.

Van Slageren, M W , A. Ehngs, L Holly, B. Humeld, A.A. Jaradat and K HOban.
1991. Cereals, food legumes and theu wl1d relatlves m Syna and Jordan
FAO/IBPGR Plant Genetic Resources Newsletter No. 80

138



Some Insights into Morphophysiological Traits
Associated with Cereal Yield Increases in

Mediterranean Environments
Jose LUIS Araus\ Tarek All Dib2 and M.M. Nachie

1Departament de Blologla Vegetal, Facultat de Blologla,
Unrversltat de Barcelona, Barcelona, Spam

2Faculty ofAgnculture, Tlshreen Untverslty, Lattakla, Syna
3ICARDA, Aleppo, Syna

Abstract

The lack of IdentIficatIOn of appropnate morphophysIOlogIcal traIts has been a
major factor preventmg progress m Improvmg yIeld m water-lImIted envIronments,
as well as the reason why plant breeders have not adopted more analytIcal
approaches for selectIOn Based on the smgle framework establIshed by PassIOura's
IdentIty, the cntlcal traIts that currently show substantIal potentIal to Improve yIeld
under MedIterranean drought condItIOns are dIscussed PartIcular emphaSIS IS gIven
to smgle traIts whIch mtegrate the functIOn of the crop eIther at a hIgher level of
organIzatIOn (I e canopy), or accordmg to a part of the plant cycle (e g gram
fillIng) or both The potentIal uses of carbon Isotope dIscnmmatlOn and several
substItutIve approaches, as well as remote senSIng technIques, are dIscussed
FInally, attentIon IS devoted to the photosynthetIC performance of the ear For
cereals under MedIterranean condItIons, where termmal drought stresses are
common, the ear becomes the mam photosynthetIC organ dunng gram fillmg

General Framework

Cereal yIeld (per UnIt growth area) under optImal condItIons has Increased
conSIderably over the last 50 years (AustIn et al 1989, Romagosa and Araus
1991a) However, yIeld under stress condItIons has remamed much more steady
(Perry and D'Antuono 1989, Slddlque et al 1989)

Between 60 and 80% of yIeld vanabllIty from year to year m the suboptImal areas
may be explamed exclUSIvely by envIronmental factors (Jones and Qualset 1984)
Among these, water avaIlabIlIty IS the most Important (Boyer 1982) MedIterranean
regions are charactenzed by yIeld fluctuatIOns, normally due to the unpredIctable
occurrence, duratIOn, frequency, and mtenslty of abIOtIc (drought, cold, and heat)
stresses (Nachlt et al 1992) In addItIon, If clImatIC changes occur as predIcted due
to the accumulatIon of greenhouse gases, the effect of abIOtIc stresses such as
drought WIll be of even greater Importance m some areas In fact, the water status
ofthe mam cereal crops (durum and barley) in the MedIterranean basm, whIch may
have been stable durmg the past seven mIllennIa, seems to have undergone drastIC
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changes m recent years (Araus and BUXQ 1993) This hlghhghts the need to work
on the breedmg of cultlvars that lead to higher and more stable yields under
Mediterranean ramfed conditions (Snvastava 1991)

The mam option for stablhzmg productIOn IS the development of drought-resistant
vanetles Genetic Improvement of drought resistance faces conceptual and
methodological problems Ample knowledge about the physIOlogical components
of drought resistance has been collected However, the number of factors which
affect drought resistance, as well as then mteractlOns and different levels of
orgamzatlon (subcell, cell, organ, plant, and canopy), make It difficult to predict
which traits confer the greatest Improvement m a particular environment

In recent years, many different selectIOn cntena, based on morphological,
physIOlogical, and bIOchemical traits associated with cereal yield mcreases m
Mediterranean environments, have been suggested (for durum Ah Olb et al 1991,
1994, Nachlt and Ketata 1991, Nachlt et al 1992, Loss and Slddlque 1994)
Oesplte the volume of mformatlon on morphophysiological traits, there are few
examples (If any) m which the phySiological approach to the breedmg of drought
adapted cultlvars has been successful Blum (1983) suggests that thiS lack of
success has two mam reasons First, there IS a senous lack of mformatlon on the
relatIOnships between particular drought-adaptatlve traits and economic yield m
arid and non-and environments Second, there have been few attempts to determme
the extent of cultlvar vanation m, and mhentance of, particular drought-adaptatlve
traits Where genetic vanatlon has been Identified, the method IS often slow,
difficult, or expensive to measure, and mappropnate for routme screenmg work m a
breedmg program Ceccarelh et al (1991) argues that selection for a smgle trait IS
often unsuccessful, particularly m unpredictable environments where the
frequency, tlmmg, and seventy of stresses are unknown In these Situations,
different combmatlOns of many traits may produce the same gram yield In durum,
for mstance, the large differences m environmental conditions across the
Mediterranean basm may explam the presence of morphologically and
phYSIOlogically diversified plant types (Ah Olb et al 1992)

Loss and Slddlque (1994) conclude that there are several reasons for the lack of
adoption of an analytical approach by breeders First, empmcal breedmg programs
have been very successful at producmg consistent yield mcreases, especially m
hlgh-Yleldmg environments (Slafer et al 1993) Breeders are not convmced that a
phYSIOlogical approach Will give better results, and they beheve that Improvements
m field expenmentatlon and computenzatlOn Will ensure the contmued success of
the empmcal approach (Loss and Slddlque 1994, Ceccarelh and Grando 1995) In
fact, breeders do not generally select for speCific traits to Improve yield under
drought, prmclpally because drought adaptatlve traits are usually poorly defined,
and any advantages have not been adequately demonstrated (Richards 1995)
Moreover, when selection traits are proposed, there IS frequently confuSIOn
between traits related to productivity under drought, which are Important for
agncultural plants, and traits related to survival mechanIsms, which charactenze
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xerophytes Yet many adaptatIOns favoring survival tend to reduce economic yield,
and may make sense only when the target environment IS very unfavorable

GIVen the complex physIOlogical process that determines Yield, and ItS large
genotype-envIronmental interactIOn, It IS often easier to show that a trait Improves
a short-term plant function or characteristic under stress, rather than Improvmg
yield Itself Often, phYSIOlogists being their studies at too low a level of
orgamzatIon (e g molecular or cellular) and In controlled environments that are of
httle relevance to the breeder, who IS Interested In the gram yield of crops m the
field Moreover, those traits that provide "Instantaneous" pictures of a given
process of the plant are poorly associated With yield response, and can provide
contradictory informatIOn An example of the latter IS the accumulatIOn of
metabolites such as proline (see references In Bergareche et al 1993) Furthermore,
many traits are measured With complex, tlme-consummg techmques that are
unSUitable for screenmg large numbers of progeny In breeding programs Given the
eqUivocal eVidence associated With some of these traits and the difficulty of
selectIOn, Loss and Slddlque (1994) conclude that these resources are probably
most effiCiently used m a parental Identification subprogram Usmg "eqUIvocal"
traits at thiS level or at any other of a breedmg program IS an easy way to waste
effort The aSSOCiation of morphophYSIOlogical traits With RFLP markers Will
perhaps Improve the usefulness of some of these traits m future breeding programs
(Nachlt et al 1993, Backes et al 1995), but at present, the apphcatlOn of molecular
markers m thiS field IS stili under development and unavailable to most breeders

Identifying Proper Morphophysiological Criteria

There IS no smgle Index by which to directly predict yield potential and genotype
stablhty, particularly m unpredictable environments where the frequency, ttmmg,
and severity of stresses are unknown Therefore, It IS necessary to develop a set of
Single and qUickly-measured Criteria In prinCiple, morphophYSIOlogical traits
affecting crop productiVity could be Identified by comparing genotypes grown
under contrasting environments-or even Within the same environment-by
comparing modern and old cultlvars or Wild relatives CharacterizatIOn of
morphophYSIOlogical trmts altered m the process of selectmg for higher yield could
make It pOSSible to IdentifY the nature of the selectIOn pressure causmg the change,
and the relatIOnship between the altered trait and the yield mcrease DeSirable
phYSIOlogICal traits could then be speCifically targeted for selectIOn These traits
would have to comply With (Acevedo and Fereres 1993) and feature

• Greater hentablhty (or cheaper to measure) than yield

• Slgmficant genetic correlatIOn With yield and/or stablhty of yield

• Causal relatIOnship With yield

• The ability to be tested by means of phYSIOlogical assays that are easy to use
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• The possIbIlity of screemng early generatiOns when yIeld per se cannot be
assessed

One approach to search for "potentIal" traIts to be used m breedmg programs IS to
define Ideotypes sutted to the agro-ecologIcal zones in the MedIterranean basm
(Nachlt 1990, All Olb et al 1991, 1992) Under Mediterranean conditIons, the
framework most wIdely used was proposed by Passloura (1977) and allows the
study of those mdlces which maximize yield per umt of ramfall

EconomIC yield = T x WOE x HI

where T IS the water transplfed by the crop, WOE IS the water-use efficIency, and
HI IS the harvest mdex

In theory, these components should be mdependent (Passloura 1977) Therefore,
any mcrease m one of them should not affect the others In practice, however, these
components have been shown not to be totally mdependent Thus, Blum (1993)
concludes that there may be a negative associatIOn between WOE and transpiratIon,
such that relatively drought-resistant genotypes that sustam transpIration and
maintain plant water status may show relatively low WUE compared With
susceptible ones ThIS may compltcate the feaslblltty of selecting for any of these
components, although PaSSIOura's Identity stili remains as a pedagogical
framework to search for more cntlcally Important traits to Improve yIeld under
drought

Several prmclples (advanced above) can help refine the IdentificatIOn of the cntlcal
traits that are most lIkely to Improve yield under drought FIrst, the degree of
mfluence of a trait on yield depends on the time scale over whIch It IS effectIve
(PassiOura 1982) For example, a trait that mfluences the development of leaf area
IS more Important than a trait that mfluences stomatal response to the onset of
drought Another prmclple IS that, as a general rule of thumb, the closer a traIt IS to
the level of orgamzatlon of the crop the more mfluence It Will have on produCtiVIty
Thus, a trait such as plant heIght Will have a large effect on yield because It IS
expressed at the crop level, and the doublmg m activity of a key enzyme may have
httle effect because ItS expressIOn may be greatly modIfied by other steps along the
path, by other products, by the growth of other organs, and by environmental
factors (Richards 1995) If thiS IS generally correct, then It IS dIfficult to perceIve
how altenng the level of a bIOchemical traIt Will Impact on crop performance

Some phySiological techmques have been modified and, although not as accurate,
prOVide a reasonable (and thus useful) method for plant screenmg Several traIts are
combmed m a smgle measurement In additIOn, the traits measured can proVide
mtegrated mformatlOn (either through time or at the canopy level, or both) on the
performance of the crop The end product IS selectton for yIeld In fact, selection
for yield automatically mtegrates all the unknown factors that are Important for
Improvmg drought reSIstance The lImitatiOns of a purely empmcal breeding
approach have already been discussed
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In this regard, current promismg physIOlogical critefla, such as dlscflmination
agamst the stable Isotope 13C (i1) or canopy temperature, are to a greater or lesser
extent, mtegratlve m time, level of orgamzatlOn, or both For example, a high i1 or
low canopy temperature can be used to screen for mcreased stomatal conductance
or mamtenance of leaf hydration under drought stress and therefore general drought
aVOIdance, whether due to factors associated with root growth, phenology, osmotic
adjustment, or non-stomatal transpiratIOn, etc (Romagosa and Araus 1991a, Blum
1993)

In additIOn, most known morphophysIOlogical cfltefla concern the study of
vegetative plant parts (usually leaves), Ignormg the fact that, for cereals under
Mediterranean ramfed conditions, the mam photosynthetic organ contnbutmg to
the growth of grams IS not the leaf but the ear Under Mediterranean ramfed
conditions, termmal stresses (e g drought and high temperature at gram fillmg) are
the mam factors hmltmg cereal yield In thiS SituatIOn, the role of the ear as a
photosynthetic organ supportmg kernel growth IS very Important New mSlghts m
thiS area Will allow us to develop alternative cntena, or Improve eXisting ones, m
the future

The final general rule, Important for Identlfymg the most hkely traits to Improve
yield, IS to know the nature of the target environment (Richards 1995) Thus, It IS
generally accepted that under conditions with unpredictable or mtld water defiCit,
selectmg for high gram-yield potential may stili be the best optIOn (Slafer et al
1993) Under frequent and more severe water stress, phYSIOlogical attnbutes aimed
at avoldmg or toleratmg such stresses should be conSidered for selectIOn, even
though these attributes could produce some reductIOn m gram-Yield potential For
cereals under Mediterranean conditIOns, Ceccarelh (1989) concludes that m
environments where the average gram yield IS greater than 2-3 t/ha, selectIOn for
traits IS successful under optimum conditIOns (see also Ceccarelh and Grando
1995) But where yield IS less than 2 t/ha, direct selectIOn m the target environment
IS the most effiCient strategy In these harsh enVironments, yield stablhty IS often a
high pnonty

Traits that fall wlthm the framework estabhshed by the components of the
PasslOura Identity are discussed below Particular emphaSIS IS given to smgle
mtegratlve measurements

Integrative Traits and Available Methodologies

Water-use Efficiency

The term water-use effiCiency IS used to express the amount of above-ground dry
matter produced per umt of transpired water ThiS yield component IS the most
difficult to mampulate GeneratIOns of breeders have failed to Improve the water
use effiCiency of dryland crops by empmcal means (Richards 1995) In water-
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lImited environments, total bIOmass of current cultlvars IS about the same as
culttvars grown over a century ago (Slddlque et al 1989) However, there are some
traits that show substanttal potential as fast and smgle mdlcators of WUE These
traits are helpmg breeders and crop phYSIOlogists to better understand the
sometimes contradictory relatIOnship between WUE and yield, and the factors that
mfluence WUE Provldmg that there IS enough genetic variability for this
character, these traits may became useful tools to Improve yield under drought
Among the traits worth mentlonmg are carbon Isotope dlscnmmatlon and Its
surrogates Remote-sensmg techniques, which allow, for example, estimatIOn of
water status at the canopy level, are mcluded m the next pomt (water transpired by
the crop), although they could be also placed here EstimatIOn of photosynthetic
effiCiency by remote sensmg IS also discussed below

DiscriminatIon against 13C

In C3 plants, such as small-gram cereals, Ll provides an mtegrated measurement of
WUE dunng the prevIOus penod of growth (Farquhar and Richards 1984, Hublck
and Farquhar 1989, Araus et al 1993a) Thus, the value of Llls posItively related to
the ratio between the atmosphenc and the mtercellular partial pressures of CO 2
(p,lPa) Therefore It IS negatively related to WUE (measured either as net
photosynthesis/transpiratIOn or plant bIOmass produced/water transplfed) In thiS
regard, Ll has been proposed as a cntenon of genetic vanability m WUE among
genotypes of wheat (Farquhar and Richards 1984, Condon et al 1990, Ehdale et al
1991) and barley (Hublck and Farquhar 1989) Considerable genotypic vanatIOn
for Ll has been demonstrated m wheat (Condon an Richards 1992), barley
(Romagosa and Araus 1991b, Acevedo 1993) and durum (Araus et al 1993a), but
environmental factors may cause even larger changes m the value of Ll measured m
dry matter ThiS could compromise the effective use of Ll m breedmg programs
Co.ldon and Richards (1992) for wheat and Romagosa and Araus (1991 b) for
barley conclude that assessment of genotypic vanatlon m Llls most effective under
well-watered conditions An alternative for ramfed crops IS samplmg at the early
stages of the crop (Condon and Richards 1992) Richards and Condon (1993)
conclude that, provided growmg conditions are adequate, the advantages of
selectmg for Ll are numerous It IS highly hentable, there IS substantial genetic
VariatIOn, genotype x environment mteractIOns are small, and ItS measurement IS
non-destructive and must be carned out early m the plant's lIfe

However, for crops grown under ramfed Mediterranean conditions, even If
variation for Ll m mature kernels (as well as other upper parts of the plant) reflects
environmental effects rather than true genotypic differences, analyzmg Ll may be
stili of value For example, Ll of mature kernels can provide an overall view of the
water status durmg gram filling, a Critical penod for cereals under Mediterranean
conditIOns when drought develops Wlthm a gIVen enVironment, a higher Ll m
mature kernels may be attamed by phenological differences among genotypes
Thus, the early flowermg lInes are lIkely to have a higher Ll than later flowermg
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lInes, due to a lesser transpiratlve demand which allows hIgher stomatal
conductance (Ehdale et al 1991, Acevedo 1993) At other times, higher ~ m
mature kernels IS related wIth a hIgher transpIratIOn durmg gram fillmg, m which
case ~ remams posItively correlated with canopy temperature (Araus et al 1993c),
an mtegratIve (at the canopy level) CrIterIon of transpiratIOn

In water-lImited envlfonments, the low ~ genotypes should have greater biomass
and hence the potentIal for higher Yield, provldmg all genotypes use the same
amount of water for transpiratIOn (Richards 1995) However, a review of the
current lIterature reveals that this IS frequently not the case For mstance, ~ values
m mature kernels seem to be posItively correlated with gram yield and total
bIOmass m wheat (Condon et al 1987, Morgan et al 1993, Araus et al 1993c,
Sayre et al 1995) and barley (Romagosa and Araus 1991a, b) under wel~IITIgated

or ramfed conditions However, under ramfed conditIOns, this correlation, although
posItive, decreases (Romagosa and Araus 1991) The fact that the correlatIOn IS
posItive seems to mdlcate that plants with lower WUE (because of higher
transpiration rates), and thus higher ~, are more productive Some of the pOSSIble
explanations to this were developed m the last paragraph (see also Araus et al
1993c and Richards 1995) For example, early flowermg lInes were related to
higher yield under MedIterranean conditIOns (NachIt et al 1992) and showed a
higher ~ than late ones On the other hand, mechamsms which prevent the loss of
water, such as a constitutive lower stomatal conductance, may lImit potential yIeld
because PI (and thus photosyntheSIS) decreases These genotypes show consistently
lower ~ values (Morgan et al 1993) In fact, stomata which only close m response
to severe water stress may be more adequate, m terms of Yield, than stomata whIch
show a permanent lower stomatal conductance (Jones 1987) Moreover, selectIOn
for low ~ (I e hIgh WUE) may favor genotypes of low productIOn under drought
stress (drought susceptible) In fact, the measurement of ~ m different experIments
repeatedly confirms that WUE for bIOmass tends to mcrease under conditIOns of
drought stress. ThiS Indicates that drought-stressed plants tend to have relatively
higher WUE than non-stressed plants (Blum 1993) Thus, If two genotypes are
compared under drought stress, the one mamtammg a relatively better plant water
status may show a lower WUE (and hlgher~) For example, dependmg on the
conditions of drought stress, the abilIty of certam genotypes to mamtam a better
plant water status results from their capacity to extract deep sOil mOisture
Therefore, WUE may be a questIOnable selectIOn CrIterIon for Improvmg yield m
water defiCit environments Plant productIOn under drought stress depends not only
on WUE, but largely on the genotype's capacity to sustam transpiration (Blum
1993)

Lower values of PI (and thus lower ~ and higher WUE) may also be attamed by
means of an mcrease of mternal photosynthetIC actiVIty, without any concomitant
decrease m stomatal conductance (Araus et al 1989) In peanut, a strong negatIve
correlatIOn between the speCific leaf weight (ratIO between dry weight and leaf
area) and ~ has been reported usmg an extensive set of cultlvars and varIeties
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(Wnght et al 1988, 1993) This suggest that cultIvars with thicker leaves present
higher photosynthetic activity per Ulllt leaf area Alternatively, higher
photosynthetic rate per Ulllt leaf area and lower PI could be associated with greater
leaf llItrogen content (Araus and Tapia 1987, Araus et al 1989), which m turn
would mcrease water-use efficiency and thus carbon Isotope dlscnmmatlOn (see
Condon et al 1992, Amaro et a1 1995) However, selectmg for higher leaf
thickness and/or mtrogen content can mdlrectly favor genotypes with lower leaf
growth and early vigor (see above)

Alternative Criteria to L\

Several surrogates for the measurement of L\ have emerged, such as specific leaf
weight m gram legumes (Wnght et al 1993, 1994), the amount of mmerals such as
K or SI, ash content m leaves of cereals and forages (Walker and Lance 1991,
Masle et al 1992, Mayland et al 1993), and near mfrared reflectance spectroscopy
(NIRS) m forages (Clark et al 1995) Indeed, NIRS IS a very promlsmg techmque
because It could allow a very fast and mexpenslve estimatIOn of L\ This techlllque
could be also used to determme, m a faster and non-destructive way, the total ash
content of samples (Wmdham et al 1991) Indeed, m laboratory settmgs, NIRS IS
currently the basIs for accurate, highly repeatable assays of many bIOlogical traits,
mcludmg digestibilIty, mtrogen, energy content, mOisture, ash, crude fats, total
reducmg sugars, alkalOids, and a number of other compounds and classes of
compounds III plant matter (Clark 1989)

As pomted out by Mayland et al (1993) and Clark et al (1995), further research IS
needed to evaluate the potential of these alternatives to L\ as a cntena m se1ectmg
for WUE This IS particularly true durmg the early phases of a breedmg program
when large populatIOns are mvolved Later selectIOn could be based on the more
precise and accurate-but costly-L\ analysIs Total ash content m mature kernels
has been proposed as a cntenon complementary to L\ to asses genotype differences
under ramfed, poor-Yleldmg environments (Febrero et al 1994, Voltas et al 1995)
The relatiOnship between L\ and other alternative cntena, such as mtrogen content,
needs more conclusive eVIdence (Condon et al 1992, Amaro et al. 1995)

Photosynthetic performance at the canopy level
Photosynthetic capacity per umt of leaf area IS one of the factors determmmg m a
broad sense the water-use effiCiency of a crop Photosynthetic capacity IS strongly
determmed by orgamc mtrogen content (Araus and Tapia 1987), and mdlrectly by
chlorophyll content, which generally follows changes m llItrogen Chlorophyll
content per Ulllt leaf area can be falTly well estimated usmg portable chlorophyll
meters Although measurement IS relIable and fast, they measure only Isolated
leaves Remote sensmg techmques based on canopy reflectance allow measurement
of nitrogen content m a fast, non-destructive, and mtegratIve way Nitrogen content
m bread wheat has been related to a Imear combmatlOn of green (545 nm) and red
(660 nm) reflectances m the range of vIsible lIght (Fernandez et al 1995) As

146



pOInted out before, environmental factors, such as the occurrence of abIOtic
stresses, strongly affect WUE and ~, partly because they operate at the
photosynthetic level In thIs context, IndICes such as the photochemical reflectance
Index (PRI), based on reflectance at the 531 nm band, may provide a useful non
destructive assessment of photosynthetic radiatIon-use effiCIency (defined as net
CO2 assImilatIOn rate/Incident radiatIOn) either at the leaf or canopy level (Fllella et
al 1995) ThIs IS sImilar to techmques for measurIng laser-Induced fluorescence at
the canopy level currently under development (Llchtenthaler 1988)

Water Transpired by the Crop

Early vigor and rapid attainment of ground cover

These traits have been demonstrated to be valuable In true Mediterranean
environments (Fischer 1980), prOVidIng good Yield and bIOmass (Nachlt et al
1992, L6pez Castaneda and Richards 1994) They enable the wet SOIl surface to be
covered rapidly by the crop, thus mInimiZIng dIrect evaporatIOn from the soil
Moreover, water-use effiCiency IS higher In WInter because of the lower vapor
pressure defiCit There may also be fewer weeds, because a more vigorous crop
should prove more competItIve Faster growth IS beneficial for ImproVIng cereal
Yield In Mediterranean enVIronments (Blum 1993, Richards 1995)

Current methods for measurIng bIOmass productIOn In cereal plots Involve
destructive sampling which IS not sUitable for routIne use by plant breeders where
large numbers of samples are needed The measurement of spectral reflectance
USIng ground-base remote senSIng techmques has the potential to provide a fast,
nondestructIve, and accurate estImate of plant bIOmass productIOn Fast evaluatIOn
of early vigor may be carrIed out by measunng radlOmetnc charactenstlcs ThIS
Implies a comparatIve assessment of canopy reflectance In the red-near Infrared
contrast by USIng, for example, the normalIzed dIfference vegetatIOn Index (NDVI,
Ashcroft et al 1990) or by direct spectral reflectance In the vIsIble and mId Infrared
regIOns (EllIott and Regan 1993) Nevertheless, further work IS reqUired to study
the effect of envIronmental factors and genotypIc dIfferences In morphological
characters such as tIller number and growth habIt on reflectance measurements
(Loss and Slddlque 1994)

The plant charactenstlcs that are responsible for dIfferences In early vigor among
and WithIn cereal specIes are still elUSive Some simple characterIstIcs may be
Important For example, the higher early vigor of barley compared With wheat
seems to be related to earlIer germInation and a higher speCific leaf area (leaf area
to leaf weight ratIO) durIng the early stages In the former species (L6pez Castaneda
et al 1995) For barley, early vigor seems to be pOSItIvely related to embryo size
For wheat, additIOnal factors and traits associated With early vigor are the
development of coleoptlle tillers (Liang and RIchards 1994), the absence of the
major dwarfing genes (Richards 1992), and the Width of the first leaf (Richard
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1995) A negative relatiOnship between large leaves and good frost tolerance has
been observed m durum (Pecettl et al 1993), which may suggest that early vigor
might be associated with sensitIvity to wmter frost episodes

In addition, mcreased early growth and leaf area development may be mherently
hnked with decreased water-use effiCiency (Turner 1993) Therefore, selectmg for
mcreased WUE (and therefore lower ~) may be counterproductive It may be
preferable to select for early VIgor and low specIfic leaf weight m order to Improve
early vigor (Turner 1993) Thus, under well-watered and fertlhzed condItions, the ~
of the water soluble fractIOn of seedhngs IS positIvely related to growth (Febrero et
al 1992) Therefore, high ~ m seedhngs could be used as a selectiOn cnterIon for
early vigor

Plant biomass at heading/anthesis
Apart from estlmatmg early vigor, non-destructive remote sensmg techmques
based on reflectance measurements allow evaluatIon of the effect of environmental
factors such as water and mtrogen stress on total bIOmass, total leaf area, and plant
yIeld later m the crop cycle (Flagella et al 1992, Fernandez et al 1994) Thus,
NDVI IS Widely accepted as a radlometnc mdlcator of these crop parameters (see
references m Fernandez et al 1994)

Plant water status
SelectIOn for the ablhty of plants to mamtam leaf hydratIOn under drought stress,
whether due to factors assOCIated With root growth, low non-stomatal transpiratiOn,
or osmotic adjustment, can be evaluated Visually or by remote sensmg techmques
Simple yet effective Visual CrItena for water status and green area (leaf) duratiOn
are vanous leaf symptoms such as leaf rolhng and leaf desiccatiOn or "firmg"
(Nachlt et al 1992, Blum 1993) For example, leaf rollmg IS an expreSSiOn of
turgor loss m cereals It serves to protect the leaf agamst an overload of solar
radIatiOn which cannot be diSSipated by transpiratiOn Moreover, It produces severe
photomhibition and early senescence Therefore, leaf rollmg upon wIltmg IS
Important, but delayed rollmg IS taken, m a positive sense, as an mdlcator of
retamed turgor (Blum 1988, Nachlt 1992)

Several plant responses to drought stress are amenable to detection by remote
sensmg techmques For mstance, canopy mfrared thermometry as a screenmg
techmque for drought resistance has been used With wheat (Blum et al 1982) ThiS
techmque allows, for example, screenmg for deep roots, mcreased stomatal
conductance, and general drought aVOidance (Blum et al 1982, 1988, 1989) Of
course, the mamtenance of transpiratiOn may be either an advantage or
disadvantage, dependmg on the stage of growth and the total seasonal distributIOn
of water use For example, lower canopy temperature was assOCiated WIth better
yield stablhty when measured Just before headmg under a Mediterranean chmate
(Nachlt 1992, Blum 1993) Although mfrared thermometry has been Widely used m
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breedmg programs because of the low price of instrumentatIon and the apparent
sImplIcIty of utIlizatIOn, results have been much less promlsmg than many
expected The lack of success may be because the plants were not properly stressed
(Blum et al 1982) or It may be due to dIsturbances m measurements because of
tIme of day, weather, and ground cover (Turner 1986)

Water status can also be mOnItored at the canopy level usmg reflectance
technIques For example, the ratIO between reflectance at 870 nm (one of the water
absorptIOn bands) and at 900 nm (reference wavelength) closely follows the
changes 1Il relative water content, leaf water potential, stomatal conductance, and
canopy temperature when the plant water stress IS well developed (Pefiuelas 1993)
For cereals exposed to a SOlI salInIty gradIent the water mdex measured durmg
gram fillmg was correlated WIth carbon Isotope dlscnmmatIOn of mature kernels
and canopy temperature (Pefiuelas et al 1995)

Harvest Index

It IS generally accepted that the mam phYSIologIcal change produced by the genetic
Improvement of wheat gram yIeld m recent decades has been an mcreased harvest
mdex (HI) assocIated WIth an mcreased number of grams per umt land area (see
references m Slafer and Andrade 1993) However, even when current cultIvars are
able to develop large HIs when cultivated under hIgh mput condItions, under
MedIterranean ramfed condItIons HI IS modest ThIS arIses from the settmg and
fillmg of kernels Therefore, the penod from anthesls to matunty IS cruCIal m
determmmg HI under our condItIOns, although sometimes total gram yIeld may be
assocIated WIth prevIOUS stages, whIch determme, for mstance, spIke denSIty
(Nachlt et al 1992)

Grain Filling

Genotypes mamtammg better water status dunng thIS penod should show a hIgher
HI EvaluatIOn of traIts associated WIth the two other components of PassIOura's
IdentIty after headmg and durmg gram fillmg would mdeed help to Improve HI
For example, final kernel weIght depends mostly on duratIOn of gram fillmg (see
references m Hay and Walker 1989), whIch IS assocIated WIth green area duration
For green area duratIOn, evaluatIon WIth a portable chlorophyll meter may be
feaSIble Under drought condItions, early senescence may be m turn assocIated WIth
the water status of the plant EvaluatIOn of water status dUrIng gram fillIng, eIther
by means of VIsual scores, remote sensmg technIques, or L1 m mature kernels can
help Improve the harvest mdex under MedIterranean condItIOns

Preanthesis Reserves

The capacIty to support gram fillIng from moblhzed stem reserves IS dIfficult to
assess under natural drought stress condItIOns (Blum 1993) The apphcatIon of
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chemical desiccants on leaves and stems has been used to simulate postanthesls
water stress and to screen genotypes for their ablhty to retranslocate assImilates to
the gram (Blum 1988) Although chemIcal selectIon seems to have been
successfully used m mass selectIon to Improve gram filhng under stress (Blum et
al 1991), this method IS best conducted m the absence of leaf dIseases under
lITIgated condItIOns or m wetter environments (NIcolas and Turner 1993) There are
other restnctlOns to the use of the techmque, It IS convement to use With genotypes
of sImilar matunty (Loss and SIddlque 1994) The results may vary m relation to
the desIccant used, for mstance, magneSIUm chlorate can show a much stronger
effect than potaSSIUm IOdIde, sometImes kdlmg the plants (Romagosa and Voltas,
personal commumcatlOn) Although the deSiccant should be applIed properly on
leaves and stems (Blum 1988, Nicolas and Turner 1993) It has been apphed to the
whole canopy, affectmg the spike, whIch IS not only a photosynthetIc organ but
also the smk of aSSimIlates

Importance of the Ear

The contnbutlOn of ear photosynthesIs to final gram weight ranges between 10 and
76% (Biscoe et al 1975, Evans et al 1975, Duffus et al 1985), dependmg not only
on the genotype, but also on growmg conditIons and the method of measurement
Hence, the photosynthesIs of the ear may contnbute more to gram yIeld than that of
the flag leaf ThiS IS partIcularly eVIdent m awned genotypes under drought
conditIOns (Johnson and Moss 1976, Blum 1985), although It has also been
reported under lITIgatIOn (Araus et al 1993a) Differences m WUE between the ear
and the vegetatIve parts of the plant may be mvolved m the photosynthetIc role of
the spike Even though the ear (due to ItS posItIon) IS the warmest organ of the
plant, the WUE of the spIke IS hIgher than that of the vegetatIve parts of the plant
(Araus et al 1993a) The presence of awns seems to confer to the ear an additIonal
mcrease m WUE (Bort et al 1994), although thiS pomt IS now controverSial
(Weyhnch et al 1995) The ear has a much more xeromorphlc anatomy than the
lower parts of the plant (Araus et al 1993a) ThIS may be an adaptatIOn to
envIronmental condItIOns becommg more and durmg the cycle of the plant (Araus
et al 1986, 1991)

The adaptatlve response of the spIke may be related to ItS photosynthetIc functIon
m several ways (Blanke and Lenz 1989) First, there IS the pOSSibilIty of a hIgh
degree of refixatlon by ear bracts of CO2 released by growmg grams Second,
anatomy may be related wIth the presence of an Intermediate C3-e4
photosynthetIc metabolIsm m ears ThIrd, a crassulacean aCId metabolIsm (CAM)
may be present Each of these possIblhtIes could confer ecologIcal advantages to
the ear under condItIons of high temperature and water shortage (Schuster and
Monson 1990) by dlmmIshmg, for example, photorespIratory losses durmg gram
fillIng (Zlegler-Jons 1989) Several papers on Immature gram m wheat and barley
(Duffus and RosIe 1973, Meyer et al 1978, Watson and Duffus 1988, AoyagI and
Bassham 1984) report substantIal actiVIty of PEP carboxylase (PEPcase) m
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Immature grams, as well as other enzymes of the C4 cycle On the other hand, there
IS also consIderable PEPcase actIvIty and hIgh levels of C4 products m bracts
(glumes and lemmas) ofC3 cereals (WIrth et al 1977) ThiS and other observatIOns
about enzymatIc actiVIty and the presence of C4 metabolItes (Blanke and Lenz
1989), as well as anatomy, chloroplast ultrastructure and gas-exchange, suggest
that In bracts and Immature grams of C3 cereals there IS an Intermediate C3-C4

metabolIsm (Zlegler-Jons 1989) However, recent results have proVided conclusive
dIrect (Bort et al 1995) and indIrect (Araus et al 1993b) eVidence of the lack of C4

metabolIsm In ears of durum and barley The pOSSlbIhty of some degree of
mducible CAM metabolIsm, as well as the effect of abIotic stresses, has been less
studIed and stIll needs to be elucIdated

Vanous studies support the refixatIOn of CO2 released from the respiratIOn of the
ear (Knedemann 1966, Watson and Duffus 1988, Araus et al 1992, 1993a)
Because of the Importance of the CO2 released by respIratIOn, the photosynthetic
rate of the ear has usually been underestImated, and the role of the ear as a
photosynthetIc organ durIng gram fillIng may be more Important than preVIOusly
supposed (Araus et al 1993a) Evaluatmg genotypic vanatIOn for CO2 refixatIOn by
ears by developmg fast and SImple cntena to asses the degree of refixatIOn may be
of mterest One of the SImplest cntena may be the dIfference In CO2 evolution m
lIght and dark usmg CO2-free air
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Calibration of CropSyst Simulation Model and
Assessment of Durum Wheat Production Risk

Across Agro-climatic Zones of Northwest Syria
using Simulation/GIS Technology

M. Pala
Natural Resources Management Program, ICARDA, Aleppo, Syna

Introduction

The ramfed farmmg systems of West ASia and North Afnca (WANA) have
developed over the centunes m areas recelvmg annual ramfall of only 200-600
mm, varymg from year to year and place to place This vanable and often chromc
ramfall defiCiency IS coupled with Widespread nutnent defiCienCies and Improper
SOlI and crop management Cereals are the prmclpal crops grown m the regIOn,
with wheat (Trztlcum aestlvum subsp aestlvum, T turgldum subsp durum)
covenng about 50% and barley (Hordeum vulgare subsp vulgare) about 20% of
the cropped land (Pala 1991) A cereal/fallow rotatIOn mtegrated with livestock IS
the traditIOnal system m the regIOn ThiS mcreases the amount of water available
for the subsequent crop, but "fallowmg effiCiency IS low and vanable" (Hams et al
1991) In addition, the Increased need for food and feed associated with populatIOn
growth IS causmg the abandonment of thiS practice for contmuous croppmg
throughout the region (Acevedo et al 1991) In Syna, wheat IS grown from the
wettest to the dnest areas In dry areas, where barley predommates, It IS produced
for subSIstence, even up to the edge of the steppe (Thomson et al 1985) In wetter
areas (over 325 mm mean annual ramfall), wheat IS the dommant crop and IS In
rotatIOn wIth food legumes and summer crops such as water melon, sesame, cotton,
cucurblt, etc Farmmg systems m the area have to cope with problems of highly
varIable and frequently defiCient ramfall (Cooper et al 1987) As thiS factor cannot
be controlled by farmers, SOli and crop management practices combmed with
adapted Improved cultlvars geared for Improved water-use effiCiency (WUE)
provide the best chance for farmers to mcrease and sustaIn crop productIOn Crop
establishment IS the most Important step m crop productIOn, and sowmg date IS one
of the key factors m achieVIng thiS, proVided there IS a properly tilled seed bed

Under contmuous croppIng systems, almost all the extractable water IS used by the
crops every year, and further evaporatIOn durIng the summer decreases soil water
far below the wiltIng pomt Therefore crops depend on precipitatIOn m autumn for
crop emergence and canopy development

For dryland crop production m wmter ramfall areas, the sowmg date may have a
substantial effect on WUE, and thus yield, by ensurIng that growth IS adjusted to
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the availabIlity of sOIl mOIsture There are many mdlcatlOns m the regIOn and m
simIlar areas of the world that early crop establIshment and early canopy
development are assOCiated with higher wheat and barley yield (Bolton 1981,
Cooper et al 1983) The possibilIty of extendmg the growth period, resultmg m
higher Yield, IS possible only by earlIer sowmg (Keatmge et al 1986, PhotIades and
HadJlchristodoulous 1984, French and Shultz 1984) However, early sow109 Will
only be an advantage If emergence IS also early and If the crop can survive
potentIal drought conditIOns at the seedlmg stage (Pala 1991) Currently, farmers 10

the Mediterranean basm tend to sow wheat later than the optImum tIme (mid
November), as defined by the above-mentIOned and other researchers, because of
unrelIable mltlal rams (Dennet et al 1984), the popularity of weed control through
pre-sowmg tIllage operatIOns, and the risk of frost damage

The effect of sowmg date on crop Yield, given the long-term spatIal and temporal
variatIons 10 a given regIOn, must therefore be studied Field experiments are the
best tools to assess thiS effect However, they are usually conducted over short
periods To attam relIable results for analySIS of the productIOn risk, a minimum of
30 years of data are generally reqUIred In thiS respect, crop Simulation models are
pOSSible alternative tools for such study GeographiC mformatlOn systems can be
used to map SOil and crop characteristics over a WIde regIOn to direct research and
development projects for the welfare of the farmers

The Impact on water productIVity and N avaIlabilIty, two Critical resources for
growmg wheat and other crops 10 the regIOn, cannot be analyzed mdependently
from weather data, SOli characteristIcs, field hydrology, crop characteristIcs, and
rotatIOn system, among other factors Therefore, m addItIOn to studymg the
optimum sowmg date for the Improved durum wheat cultlvar, Cham 1, our second
objectIve was to determme potential yield levels With suffiCient water and nitrogen,
usmg CropSyst whenever needed to assess regIOnal prodUCtiVIty Supplementary
Imgatlon, Ie, supplementatIOn of defiCits WIth mInimum quantities of water, IS
one way to mcrease productiVity and meet the food reqUIrements of the rapidly
mcreasmg populatIOns of WANA (Pemer and Salkml 1991) The thIrd objective
was to Identify the nitrogen levels for different soIl and clImatiC zones under
ramfed conditIOns to mcrease nItrogen-use effiCiency

The Model

CropSyst IS a multi-year and multi-crop daIly time step SimulatIon model It was
developed to serve as an analytIcal tool to study the effect of croppmg systems
management on productiVity and the environment The model Simulates soIl water
budget, sod-plant nitrogen budget, crop canopy and root growth, dry matter
production, gram yield, reSidue productIOn and decompositIOn, and erosIOn
Management optIOns mclude cultlvar selectIOn, crop rotation (mcludIng fallow
years), IrrIgatIOn, nitrogen fertilIzatIOn, tillage operatIOns, and reSidue management
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The water budget in the model Includes rainfall, IfrIgatlOn, runoff, interception,
water Infiltration and redistribution in the sOIl profile, crop transpIratIon, and
evaporatIon The nttrogen budget m CropSyst mcludes mtrogen appltcatlOn,
nItrogen transport, nItrogen transformatIOns, ammonIUm sorptIon, and nItrogen
uptake Dally crop growth, expressed by bIOmass mcrease per umt area, IS
calculated on the baSIS of a mmlmum of four ItmltIng factors, Itght, temperature,
water, and nItrogen DetaIls on the techmcal aspects and use of the CropSyst model
are reported elsewhere (Stockle et al 1994, Stockle and Nelson 1994) The model
and documentation are avaIlable from the second author of this paper upon request

SOIl characterIstIcs, Imtlal condItIOns of available mOIsture Nand orgamc matter,
and dally weather data were Input mto CropSyst The crop Input parameters used
for the cultIvars were eIther typIcal for the crop speCies, determined from
expenmental data, or determined by calibratIon as mentIOned below

The field data used for model valtdatton were obtaIned from a lme-source sprinkler
expenment (Perner and SalkInI 1991) conducted at the InternatIonal Center for
Agncultural Research 10 the Dry Areas (ICARDA) headquarters, Tel Hadya, near
Aleppo, SyrIa, during 1989/90, 1990/91, and 1991/92 USIng a strip block deSign
WIth three replications Cham 1, an Improved durum wheat cultlvar, was tested
under three water levels (WO, W60, and WI00) and two levels ofN fertilIzer, 10 a
wheat/chIckpea rotatIOn To calibrate crop parameters, two plots (WI OO/N 100 and
WO/NO) 10 1991/1992 (the best season dUring the expenmental period) of the
cultlvar were used These plots were not used In the validatIOn, as explaIned below
CahbratlOn consIsted In adjustments of these parameters WIthIn their usual range of
fluctuatIOn to produce a reasonable trackIng of green area mdex (GAl), above
ground bIOmass, evapotranspIratIOn (ET), and N uptake throughout the season

Vahdatton of the model for Tel Hadya soil condItIOns was carned out uSing 16 out
of 18 combmatlOns of three growmg seasons, three water treatments, and two
nttrogen treatments as descnbed above, each IncludIng the fluctuation of GAl,
aboveground bIOmass, cumulatIve ET and cumulatIve N uptake throughout the
season In addItion, above-ground bIomass, gram YIeld, cumulatIve ET, and
cumulatIve crop N uptake at harvest were also avaIlable

The Model's Performance
To evaluate the abIlity of CropSyst to track the GAl, aboveground bIOmass, ET,
and N uptake progressIOn throughout each grOWIng season, the data po lOtS were
plotted agaInst the dally SImulated data for each treatment An example IS presented
m FIgure 1 for 1990/91 Most results were SImilar to thIS example, WIth a few cases
better or sltghtly worse In general, the model was well able to track changes In
GAl, bIOmass, ET, and N uptake ThIS IS Important, because It proVides a base to
support the reliabIlity of the model to predIct these quantItIes at harvest tIme, the
InformatIon usually utIlized m the long-term analySIS of management practIces
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Figure 1. Distribution of daily simulated data compared with the onserved
data obtained at different times during the 1990/91 growing season of Cham 1
durum cultivar, treatment W/I00/NO: a) GAl; b) above ground biomass; c)
cumulative ET; and d) cumulative N uptake. The rectangles represent
observed data points, and the lines represent simulated daily data.

Observed and simulated above-ground bIOmass, gram yield, cumulative ET, and
cumulative N uptake at harvest are compared m Figure 2 Statistical analysIs of this
mformatlOn IS presented m Table 1 The simulated outputs for Cham 1 closely
follow the 1 1 lme when plotted agamst the expenmental data (Fig 2) StatistIcal
analySIS reveals that CropSyst predicted the outputs reasonably well, With a high
mdex of agreement (d), and root mean square errors (RMSEs) of 9 (CumulatIVe
ET) to 25% (gram yield) of the observed mean values The observed and simulated
mean values for the 16 data pomts of each cultlvar were very close (Table 1)
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Figure 2. Simulated data plotted against observed data for the Cham 1 wheat
cultivar during the three seasons of the experiment: a) above ground biomass;
b) grain yield; c) cumulative ET; and d) above-ground crop N uptake.

The reason for the over-predicted gram yield data (marked with squares) was the
severe drought associated with frost and strong hot wmds on ramfed plots m
1989/90, which the model was unable to detect The reason for the overestimated
pomts (marked with circles) was the unusual negative response of gram yield to N
fertlhzatlOn dunng 1990/91 In spite of these problems, the statistical analysIs
shows a reasonable agreement between observed and predicted gram yIeld data,
with an mdex of agreement of 0 92 for Cham 1 (Table I)

Soils of the Study Area

The soIls of the study area are dIverse, with four major SOIl groups recognIzed on
the FAO/UNESCO soJl map of the world found m northwest Syna (Map I)
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Calcareous sOils, formed from hmestone residuum, predommate m the area, with
highly vanable texture, depth, slope, and stonmess Orgamc matter levels are
generally low, and structural stablhty IS poor m some sOils Sabet and Harris (1986)
report surface cappmg by ramfall as a senous constramt to production on the sOils
of calcic Xerosols m Syna

Agro-ecological Zones

Syna has been divided mto SIX agncultural stablhty zones based on mean annual
ramfall (Watson 1979) FIVe of these stablhty zones transect the study area
However, closer mtervals of mean annual ramfall Isohyets were used m the
simulatIOn to hlghhght the changes across ramfall zones (Pala et al 1992)

Data from 24 meteorological statIOns were used to generate the weather data for
pre-defined ramfall Isohyets at 20 mm mtervals (21 ramfall zones) 11 stations had
dally rainfall, maximum and mmlmum temperature data ranging from 12 to 29
years, 6 had daJiy ramfall data rangmg from 13 to 28 years, and 7 had only
monthly ramfall data, rangmg from 15 to 24 years RadIatIOn data, available from
the ICARDA Tel Hadya station for only 12 years, was used as a standard value for
generatmg radiatIOn values for all stations (summer B parameter was 0 302818 and
wmter B parameter was 0 00575)

Production Systems

About one third of the dryland area hes m northwest Syna A two year crop
rotation IS almost umversally practiced With wheat as the mam crop, generally
preceded by chickpea or lentil, depending on locahty

Chickpea and lentJi crops dry the SOil profile to about the same extent as wheat,
therefore the water avaJiable to these crops comes from the current season's ramfall
only However, contmuous wheat, m contrast to chickpea and lentil, performs
poorly due to factors other than water avallablhty (Hams 1990) Therefore,
contmuous wheat was assumed to behave as a wheat/legume sequence m the
Simulation With respect to water use Smce the modehng of legumes has not been
tested m the study area, the use of contmuous wheat was thought to be useful for
the study of long-term wheat productIOn nsk Biotic factors, related to the poor
performance of contmuous wheat, could not be traced by a Simulation model

Cham 1, which IS an Improved durum wheat cultlvar highly adopted by farmers m
the study area (Pala and Rodnguez 1992) was used m the study
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Effect of Sowing Date on Production and Risk

Production

An example IS gIven m Map 2 usmg a model/GIS combmatlon for yIeld output
based on mId-November sowmg Half of the study area (about 40-60% of cropped
land) yIelds only 0 5-1 5 t/ha of wheat, whIch IS about the mean wheat yield m
Syna However, It becomes clear that wheat sown later than mId November
provIdes less than 1 t/ha yIeld m about 25-50% of the area Yield over 2 t/ha IS
obtamed on about 30% of the area, generally from early sowmg (FIg 3)
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Figure 3. Mean durum wheat yield with different sowing dates across rainfall
regions, area percentage of yield ranges, and their probabilities at 20 and 80%.

In general, yIeld mcreases along with mcreased ramfall up to about 500 mm In the
hIgher ramfall areas, delaymg the sowmg date has a substantIal negatIve effect on
yIeld (5 t/ha at earlier sowmg decreases to about 4 t/ha m late December sowmg)
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However, thIs effect lessens as condItIOns dry In general, sowmg wheat between
mId October and mId November does not have a remarkable effect on YIeld, whIle
delaymg It to later dates decreases yIeld (FIg 3)

Risk

If the farmers lIke the rIsk and want hIgher yIeld 20% of the tIme, they should
adopt earlIer sowmg About 70% of the cropped land yIelds 3 t/ha or less At hIgher
yIelds, earlIer sowmg IS generally the norm (FIg 3) However, most of the farmers
are agamst rIsk and would lIke to be on the safe sIde at least 80% of the tIme In
thIS case, yIeld more than 1 5 t/ha WIll be obtamed on only 15% of the area, and
once agam earlIer sowmgs generally provIde more productIOn More Important IS
the mcreasmg area of yIeld less than 0 I t/ha, whIch IS practIcally zero WIth delayed
sowmg
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The probabilIty of yield distribution from drier to wetter areas IS given m Figure 4
However, an explanation is needed for the driest and wettest areas In drier areas
(250 mm ramfall), the probability of yield between 1 and 1 5 t/ ha IS Just 20%,
decreasIng substantially when wheat IS sown m late December The probabIlIty of
no yIeld IS 40% for all SOWIng dates, revealIng a great risk for wheat In dry areas
However, farmers grow barley 10 these areas to alleViate the risk of crop faIlure

The SItuatIOn markedly Improves for wheat productIOn 10 northwest Syria when It
gets wetter In areas wIth more than 500 mm mean ramfall, early SOWIng until mid
November has a great advantage over later SOWIng, wIth no risk at all for any date
ofsow1Og Twenty percent of the cases yield about 58 t/ha through late November
SOWIng, although thIS falls to about 5 t/ha when SOWIng IS further delayed In eighty
percent of cases, yield IS about 44 t/ha for the first four SOWIng dates, but only
about 3 5 t/ha when SOWIng IS delayed to December (Fig 4)

Effect of Supplementary Irrigation and N Application on
Production and Risk

Production

RaInfall does not have much effect on wheat yield SInce automatIC IrrigatIOn has
solved the water deficit problem 10 drier areas (Fig 5)

About 42% of the cropped area needs 250-300 mm/year IrrIgatIOn water, about
27% needs 300-400 mm, another 25% needs 200-250 mm, and the rest (about 6%)
needs less than 200 mm ThIS shows that the majority of the area needs more than
250 mm IrrigatIOn water/year to achIeve optImum yield (Fig 5) Supplementary
lITIgation reqUirements decrease from about 400 mm In the 250 mm raInfall zone to
100 mm In the 500 mm zone (FIg 5) Scarcity of water resources, however, allows
a small percentage of the area to be supplemented by IrrIgatIOn, thus water should
be used effiCIently

The N reqUirement IS not affected by rainfall eIther, since IrrIgatIOn solves the
problem of the water deficit (Fig 6) About 10, 30, 25, and 17% of the study area
reqUires 90-95,95-100, 100-105, and 105-110 kg N/ha, respectIvely The rest of
the area (about 22%) reqUires more than 110 kg N/ha as fertilIzer (FIg 6) These N
reqUirement values are In agreement WIth earlIer studIes (PeITIer and SalkInI 1991,
Pala et al 1992

Risk

In 20% of cases, about 500, 400, 300, and 100 mm of IrrigatIOn water would be
required for areas receiVIng 250, 350, 450, and 530 mm of rainfall, respectively
(FIg 5). In 80% of cases, about 350, 250, 200, and 100 mm of lITIgatIOn water
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would be reqUired for zones receIving 250, 350, 450, and 570 mm ramfall,
respectIvely (FIg 5) ThIs shows that to achIeve potentIal YIeld, drier areas would
deplete water resources Therefore farmers rightly decIde to grow barley m dry
areas and supplement wheat wIth lesser amounts of water to mcrease wheat
production These results are m agreement wIth farmer applicatIOn However,
farmers m the regIOn apply more than the necessary amount of water to mcrease
wheat productIOn (Pala and Rodriguez 1993)

In 20% of cases, the N reqUirement IS about 100, 110, 130, and 140 kg N/ha for
zones receIvmg 250,350,450, and 570 mm of ramfall, respectIvely (FIg 6)

In 80% of cases, the N reqUirement IS about 75, 90, 105, and 115 kg Nlha for areas
recelvmg 250, 350, 450, and 570 mm of ramfall, respectively (FIg 6)
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Figure 6. Nitrogen requirement of durum wheat under different rainfall area,
percentage of area for range of N requirement, and probability distribution
under irrigated conditions.

169



Effect of N Fertilizer on Production and Risk in Rainfed
Areas

Production

Yield mcreases Imearly from about 05 t/ha at 250 mm ramfall to about 5 5 t/ha at
530 mm ramfall, and then levels off as ramfall mcreases (Fig 3) This IS m
agreement with a study on the assessment of environmental factors on wheat
response to N fertIlIzer (Pala et al 1992) Wheat's N requirement ranges from 25
kg N/ha at 250 mm ramfall to 110 kg N/ha at more than 500 mm ramfall

About 65% of the area needs 50-80 kg N/ha, about 17% needs 20-50 kg N/ha, and
about 18% reqUires 80-120 kg N/ha for efficient fertlhzer use for wheat productIOn
(Fig 7)

Risk

In 20% of cases, yield IS about 1 5,3, 5, and 6 t/ha at 250,350,450, and 570 mm
ramfall, respectIvely (Fig 7)

In 80% of cases, yield IS about 0, 1, 2 5, and 3 5 t/ha at 250, 350, 450, and 570 mm
ramfall, respectively (Fig 7) This shows that productIon of wheat IS nsky at less
than 300 mm ramfall ThiS is well understood by farmers of the region, who have a
long expenence growmg barley, which IS relatIvely more drought resistant than
wheat

In 20% of cases, the N reqUirement IS about 50, 80, 120, and 120 kg N/ha at 250,
350,450 and 570 mm ramfall, respectIvely (Fig 7)

In 80% of cases, the N reqUirement IS around 5, 50, 85, and 100 kg N/ha m the
respective ramfall zones (Fig 7) ThiS IS m agreement with earlIer on-farm studies
(Pala et al 1992)
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N requirement vs ramfall (ramfed)
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Figure 7. Nitrogen requirement of durum wheat under different rainfall area,
percentage of area for range of N requirement, and probability distribution
under rainfed conditions.
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Boron-toxicity Tolerance in Durum Wheat
S.K. Yau, M.M. Nachit, J. Ryan and J. Valkoun

/CARDA, Aleppo, Syna

Abstract

Boron (B) toxIcIty occurs mamly m and and semI-and regIOns, especIally 10

alkalme sOIls It has been observed 10 the semI-and areas of many countnes 10

West ASIa and North Afnca (WANA) Selectmg or breedmg crop cultlvars wIth
hIgh tolerance or resIstance to B tOXICIty IS the only effectIve approach to
mcreasmg yIeld on SOIls hIgh m B In vIew of the Importance of durum wheat m
WANA, espeCIally m semI-and areas, work to IdentIfy B tOXICIty tolerant durum
wheats was InItIated at the InternatIOnal Center for Agncultural Research m the
Dry Areas (ICARDA) 10 1993 Expenments were conducted 10 a plastIC house
under controlled temperatures and natural sunlIght Bonc aCId was added to create
sOIl medIa with dIfferent B levels Durum wheat had folIar B toxICity symptoms
slmtlar to bread wheat When subjected to hIgh sOIl B levels, gram yIeld was
reduced, and headmg delayed There was slgmficant vanatlOn m response to hIgh
sOIl B levels among durum wheat genotypes Screenmg of seedlIngs detected some
germplasm accessIOns wIth high levels of B tOXICity tolerance

Introduction

When we talk about boron, most of us thmk of B deficiency Boron IS one of the
seven essential mlcronutnents, and B deficiency IS one of the most widespread
nutntlonal problems affectmg high -Yleldmg crops m the more humid parts of the
world (Gupta 1979) But thiS does not mean that B tOXICity does not eXist

Boron IS phytotOXIc If present m excess amounts m the sOIl In fact, the range of B
concentratIOns between deficiency and tOXICIty IS narrower than all other nutnents
Generally speak109, deficiency may occur when hot-water soluble soIl B IS less
than 1 ppm, and defimtely occur when greater than 5 ppm (Reisenauer et al 1973)
The first account of B tOXICity m a crop was probably reported as early as 1934 m
the USA (Jenkm 1993) But It was not until 1983 that the problem was unveiled m
South AustralIa (Cartwnght et al 1984), which has a MedIterranean type clImate
and alkalme sOIls, as do most of the WANA countnes SerIous efforts to tackle the
problem m cereal crops began only after thiS discovery

There are three maIO causes of hIgh B levels in soil (1) sOlis mherently high m B,
such as those formed from sediment of inland seas, (2) use of IrrIgatIOn water hIgh
In B, often from deep wells, and (3) excessIve applIcatIOn of fertilIzers or other
sources high m B, especially mdustnal or commercial wastes (Jenkm 1993). In
WANA, the third cause IS probably of no practical Importance
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In contrast to B deficiency, B toxicity occurs mainly m arid and semi-and regions,
especially m alkalIne soIls (Leyshon and Jame 1993; Marschner 1986) This IS
probably because precipitatIOn IS msufficlent to leach the bulk of the B down below
the root zone Alkalme soils are able to adsorb more B than aCid sOils (maximum
adsorptIOn of B by soil particles occurs around pH 9), so the amount of free B
available for movement down the soil profile IS reduced

One of the reasons why B tOXICity has not been widely understood IS that high soil
B concentrations usually occur 10 subsoils (Cartwnght et al 1984,ICARDA 1994),
whIle sOli surveys usually sample the topsoil Figure 1 summanzes the dlstnbutJon
of water-soluble B at vanous depths at a dry site (annual ramfall of 233 mm) III

northern Syna where B tOXICity symptoms were observed on barley (Hordeum
vulgare subsp vulgare) Eight out of the ten profiles show that B concentratIOn
mcreases substantially at or below a depth ono cm
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Figure 1. Distribution patterns of water-soluble boron in various profiles at
Bouider, northern Syria (lCARDA 1994).

Boron toxIcity (based on published reports and observations of symptoms
supported by plant and/or soil analySIS) m crops occurs m the semi-and areas of
many WANA countnes It occurs 10 all five countnes III North Afnca Algena,
Egypt (northwest coast), Libya, Morocco, and TUOlSla In West ASia, It has so far
been known to occur 10 Iraq, Jordan, Syna, and Turkey Many soil samples
collected 10 Iraq, Syna, and Turkey (Anatolian Plateau) have high B levels
(SllIanpaa 1982) In additIOn, B tOXICity has been reported 10 India (Chauhan and
Asthana 1981), Spam (Salmas et al 1981), AustralIa, and the USA

It IS neither practical nor easy to detOXify high B SOil by agronomic means
(Leyshon and Jame 1993) SOli can be leached extenSively by water, uSlllg much
more than needed to remove soluble salt, but the availability of water m semi-and
and and areas IS always a constramt Chemicals, such as tfllsopropanolamme, are
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expensIve and may not work under field condItIons LIme applied to mcrease pH
and adsorptIOn by sOIl particles IS not sUitable for alkaline sOIls

Selectmg or breedmg crop cultlVars with high tolerance or resIstance to B tOXICIty
IS the only effective approach to mcreasmg or mamtammg yields on high B sOils
Extensive work on screenmg for B tOXICity tolerance and on understandmg the
underlymg mechanisms has been carned out for bread wheat (TrltlCUm aestlvum
subsp aestlvum) and barley m Australia (Nable 1988, Moody et al 1988, Paull et
al 1988, 1991, Jenkm and Lance 1991), but little has been done on durum wheat
(T turgldum subsp durum)

In view of the Importance of durum wheat m WANA, especially m semi-and and
high-altitude areas, work to Identify and develop B tOXICity tolerant durum wheats
was mltlated at ICARDA m 1993 In this paper, we report the results obtamed so
far on the followmg tOpiCS (1) effect on yield and other characters, (2) genotypic
vanatlOn, and (3) sources of higher tolerance

Materials and Methods

All expenments were conducted m a plastic house under controlled temperatures of
4-25 °C and natural sunlight In the expenment studymg the effects of sol1 B level
on yield, plants were grown m pots To create sol1 media with three different B
levels, bonc aCid was added at rates of 0, 25, and 50 mg B/kg sol1 mixture
(designated BO, B25, and B50, respectively) The bonc aCid was mixed uniformly
throughout the sOIl mixture, glvmg hot water extractable B concentrations of 2 3,
9 I, and 19 4 ppm, respectively The sol1 mixture was made up of one part sOIl
(fine clay, montmonllOnltlc, thermic, Calclxerollic Xerochrept) and two parts sand
Nme durum wheat cultlvars, advanced lines, and landraces, selected to represent
the range of symptom scores m an earlier screenmg expenment, were tested Shoot
B concentrations were measured colonmetncally by the Azomethme-H method
(Bmgham 1982) after dry-ashmg

For tolerance screenmg, seedlmgs were grown m 200x75x25 cm trays filled with
sOIl, to which was added 50 or 100 mg B/kg sol1 mixture Symptom seventy on
leaves and plant growth were scored 4-6 weeks after sowmg CIMMYT/ICARDA
regional observation nursenes and germplasm accessions were screened

Results and Discussion

Foliar Symptoms of Boron Toxicity

Symptoms first develop on the tips of the oldest leaves, with successively younger
leaves bemg affected to a lesser extent Durum wheat has similar symptoms as
those descnbed for bread wheat by Snowball and Robson (1991) Mottled chlorosIs
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(beige color) develops at the leaf tip, followed by necrosIs of the leaf tiP and
development of chlorotic spots or blotches at leaf edges These symptoms
gradually spread down to the leaf base

Based on the authors' expenence, fohar symptoms of B tOXICity on wheat are less
easy to recogmze than those on barley In order to find out whether B tOXICity
occurs m fields where wheat IS grown, It may be help to mcIude sensitive barley
checks

Effect on Yield and Other Characters

Mean gram yield was slgmficantly reduced at B25 and B50 when compared With
BO (Table I) The B treatments also had a slgmficant effect on B tOXICity symptom
score, seedhng dry weight, shoot B concentratIOn, days-to-headmg, and plant
height, but not on straw yield or harvest mdex (Table I) The delay m headmg IS
expected to have a large deletenous effect on gram yield under field conditIOns m
semi-and areas

In another expenment conducted by the authors (unpubhshed data), durum yield
reductIOn was similar to barley yield reductIOn, and both expenenced a Similar
delay m headmg when grown at B50 Thus, one should not assume that although
there are fewer symptoms than m barley, the effect of B tOXICity on durum wheat
yield IS neghglble

Table 1. Effect of boron application rate on yield and other characters.
Character 8oron level

Symptom score (0-5)
Seedling dry weight (mg/pl)
Shoot 8 concentration (ppm)
Days-to-headlng
Plant height (em)
Grain yield (g/pl)
Straw yield (g/pl)
Harvest Index (%)

80
o

99
9

90
71
1 6
33
33

825
1 1
86

186
93
75
1 4
30
32

850
1 7
75
459
96
81
1 3
30
30

LSD(5%)
012
59
314
1 0
1 9
012
ns
ns

Genotypic Variation

Oued Zenatl (Algenan landrace), Gezlra 17 (old Synan cultlvar), and Omrabl 5
(CIMMYTIICARDA advanced lme) appear to have higher tolerance to B tOXICity
than the other SIX entnes These three had lower symptom scores and shoot B
concentrations, and showed less delay m headmg and reductIOn m gram yield
(Table 2) In terms of shoot B concentratIOn, delay m headmg, and reduction m
grain Yield, Omrabl 5 (sister lme of Cham 5, the most recently released cultlvar m
Syna) had higher B tOXICity tolerance than Cham 3 (released m 1987 m Syna),
which m tum had higher tolerance than Cham I (released m 1984 m Syna)
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Table 2. Mean boron-toxIcity-symptom score and shoot boron concentration at
B25 and B50. and delay in heading and reduction/increase in grain and straw
yields.

Gezlra 17 0 7 282
Omrabl 5 0 8 240
Oued Zenatl 1 1 245
Hauranl 1 3 334
Jordan 21 1 1 356
Deraa 1 3 380
Cham 1 1 3 391
Cham 3 23 329
Cakmak 2 8 347
M~n 14 3~

LSD (P=O 05) 0 3 77

Name/Cross TOXICity Shoot
symptom concentration

score (ppm)

Delay In
heading
(days)
37
60
20
70
80
80

11 3
77
43
64
42

Percent yield
difference

Straw Grain
+346 - 2 8
-156 -104
-67 -14
-116 -317
-166 -256
-131 -119
+ 50 -290
-118 -147
-193 -300
-79 -163
208 ns

0-5 scale O=no symptoms, 5=severe symptoms

Sources of Tolerance

Screenmg of the 1992/93 and 1993/94 CIMMYT/ICARDA regional observation
nursenes at B50 showed a small but SignIficant vanatlOn m symptom development
among entnes Lmes With the lowest symptom scores and shoot B concentrations
were selected for further testIng Awalbor was a promiSIng hnes found as a result
of this screenIng

To find higher tolerance to B tOXICity, germplasm accessIOns were screened at a
higher B level (B 100) In the Durum Core CollectIOn of 125 entnes, which Includes
many landraces from WANA and southern Europe, the followmg were found to
have a high level of tolerance based on growth (entry number In parentheSIS)
Chahba 88 (46) and SdIana (73) had the highest tolerance, followed by Klshk (6),
Jordan Coli 86 No 80 (26), Tenslft-l (43), Jordan (68), Awah-l (74), HO-FAO
25918 (77), Anc 31708 70/3/Bo//C de Chde/Br/4/Clt/Gta (78), N Dakota 86 hne
No. 10 (79), Wakooma (80), Entre largo de MontijO No 7621 (116), and Candeal
de Grao Escuro No 7746 (119)

In a prehmInary screenIng of 25 durum wheat accessIOns from SIX WANA
countnes (AfghanIstan, Iran, Iraq, Jordan, Syna, and Turkey), a few accessIOns
from AfghanIstan looked outstandIng AcceSSIOn ICDW 7675 grew as vigorously
and had a lower symptom score than Greek G61450, a very tolerant bread wheat

The IdentificatIOn of tolerant durum wheat accessIOns from AfghanIstan was In
agreement bread wheat results (Moody et al 1988) In a screenIng of 1,576
accessions of sprIng bread wheat from the Austrahan Wmter Cereals CollectIOn,
Moody found that ASia and ASia MInor, and, wlthm ASia MInor, AfghanIstan, have
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the greatest number of tolerant hnes It appears that many sOils m Afghamstan have
high levels of B Tolerant accesSIOns will be used to mtroduce higher B tOXICity
tolerance Into the CIMMYTIICARDA durum wheat breedIng program Genetic
studies USIng traditional means and new biotechnology techmques are planned
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Resistance to Fungal and Viral Diseases in
Durum Wheat

O.F. Mamluk and K.M. Makkouk
ICARDA, Aleppo, Syna

Durum Wheat Diseases

Major wheat dIseases m West ASIa and North Afnca (WANA) are loose smut
(Ustllago trltICI), common bunt (Tzlletw laevis and T trltICI), and flag smut
(Urocystls agropyrz) All three rusts are present In the maJonty of WANA
countnes However, yellow rust (PuCClnla strlifOrmls) IS prevalent m West ASIa
and Yemen Leaf rust (P recondlta) and stem rust (P grammls) are more prevalent
m Egypt and Sudan Leaf rust predommate In North AfrIca Among the
Helmmthosporza, tan spot (Pyrenophora trlchostoma) IS restncted to Iran, Turkey,
LIbya, TUnIsIa and Morocco Septona tnttcI blotch (Mycosphaerella gramlnlcola)
occurs m endemIc form m TUnIsIa, Algena, and Morocco Septona nodorum blotch
(Leptosphaerw nodorum), scattered across only four countnes m the regIOn, IS
becommg more prevalent m Morocco Powdery mIldew (Eryslphe gramlnls) IS
prevalent m the wetter areas of WANA, mamly m North Afnca The foot and root
rots of wheat are attractmg more and more attentIOn m WANA The causal agents,
Fusarium spp , m some cases assocIated WIth Cochlzobolous sp , form a major
dIsease problem m Morocco and TUnIsIa, especIally m years of drought Head scab
(FusarlUm spp ) IS reported m PakIstan and Iran, but mformatlOn on the presence of
the dIsease In other countnes IS lackIng The bactenal leaf streak on wheat
(Xanthomonas campestrls pv translucens) IS the mam bactenal dIsease m WANA
Among the viruses, the seed-borne barley stnpe mosaic VIruS has been reported m
Lebanon, Syna, and Jordan, but seems to be present m most countnes of WANA
Barley yellow dwarf VIruS IS spread across the regIon ThIs VIruS re-occurred
wIdely m Egypt m 1998/90 and 1990/91 The seed gall nematode (Anguma trltlCl)
has been reported In several countnes m the regIon Cereal cyst nematode
(Heterodera spp), root knot nematode (Meloldogyne spp ~ and root lesIOn
nematode (Pratylenchus sp ) have also been reported In several countnes m the
regIOn, but theIr Importance as wheat pathogens has not yet been quantIfied m most
countnes Durum wheat dIseases are more or less the same as bread wheat dIseases,
except for pecultantles related to agro-cltmatlc area and speCIfic InteractIOns
between host and pathogen, Ie, host preference In common bunt, T laevis maInly
attacks bread wheat, whereas T trztlCI attacks bread wheat and durum wheat
WIthout preference In field and greenhouse tnals, pycnIdlal formatIOn IS greatest m
both durum and bread wheat cultlvars when the source of moculum IS from the
same specIes DurIng the last decade, yellow rust eplphytottcs hIt badly and
devastated all wIdely grown bread wheat cultlvars In West ASIa DespIte the
dIfferences m genetIc background, It IS assumed that the yellow rust populatIOn
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developed and multIphed on wIdely-grown bread wheats In areas the epIphytotlcs
are more adapted to, 1 e , that they displayed a preference for bread wheats There
are good IndicatIOns that the pathogen populatIOn of leaf rust epiphytotics m
WANA IS more adapted to durum wheats

Using Resistance to Control Durum Wheat Disease

ConsIderIng the avallabihty of disease control measures to farmers m WANA, the
use of resistance In plants remaInS the best control of wheat diseases It is unlikely
that fungICIdes Will be Widely used In the short-term to control diseases such as
rusts, septona blotch, and powdery mildew Only chemical seed treatments for the
control of seed-borne disease are used, and farmers are encouraged to sow certified
and treated seed However, many farmers m WANA still use their own seed, which
is m most cases untreated

Screenmg is the tool used to upgrade reSistance In the germplasm developed by the
breeders at the InternatIOnal Center for Agncultural Research m the Dry Areas
(ICARDA) and the NatIOnal Agncultural Research Systems (NARSs) All breedmg
matenal at ICARDA undergoes at least two screenmgs for the major diseases leaf,
stem, and yellow rusts, septona blotch, common bunt, and barley yellow dwarf
ViruS The screenmg is done at the Center's pnncIpal statIOn, Tel Hadya, at the
substatIOn at LattakIa m Syna, and at the sub-statIOn at Terbol m Lebanon Data
on powdery mildew and tan spot are obtamed from the multilocatIOnal screenmg
system

Matenal In the advanced stages (advanced yield tnals) IS also exposed to different
diseases and blOtypes of pathogens when It is tested through the multIlocatlOnal
screenIng system Several "hot spot" locatIOns m WANA constitute the
multIlocatIonal screenmg system The pnncIpal hot spots for durum wheat diseases
are Tel Hadya and Terbol for yellow rust, Tel Hadya, Terbol (summer cycle), Safi
and Marchouch In Morocco, and Sakha and Sids m Egypt for leaf rust, Tel Hadya,
Terbol (summer cycle), Marchouch and Tessout In Morocco, and Sakha and Sids m
Egypt for stem rust, Tel Hadya and LattakIa m Syna, and Marchouch and Meknes
m Morocco for septona tntici blotch, and Tel Hadya for both common bunt and
barley yellow dwarf ViruS

The disease Inoculum used at each screenIng site represents the prevaI1mg blOtypes
of the pathogen m the respectIve country In Syna and Lebanon, disease moculum
is renewed every year Inoculum of septona blotch IS adjusted to a ratio of 1 1 for
bread and durum wheat The common bunt moculum IS adjusted for the two
pathogens, mixed to 1 1

Screemng for common-bunt resistance follows a different scheme In the first year,
matenalis screened (Common Bunt Nursery I), usmg a bulk of Isolates collected In

Syna LInes that perform well are re-tested for a second year and screened m the
third year (Common Bunt Nursery II) agaInst 8-10 different Isolates from WANA
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Germplasm resistant to a dIsease, selected through screening and multllocatlOnal
testing, IS Included In a Special Purpose DIsease Nursery, and IS re-tested for 2-3
years at dIfferent locatIOns During thIS re-testlng, the matenal IS selected for
acceptable agronomIc traIts and for reasonable resIstance to non-targeted dIseases
In the thIrd phase, lines wIth resIstance to a dIsease are pooled together In the so
called Germplasm Pools for Sources of ResIstance, mcreased, and dlstnbuted to the
NARSs and other collaborators These pools are the end-product of the screening
work carned out at ICARDA

Current Level of Disease Resistance in Durum Germplasm

The performance of durum germplasm against yellow rust, leaf rust, stem rust, and
septona blotch IS summanzed In FIgure 1 Germplasm tested m the 1994/95 season
IS represented In the Durum Key LocatIOn DIsease Nursery (DKL-95), the Durnm
Preliminary DIsease Nursery (DPD-95), the Durum Aleppo Crossmg Block (DAC
95), and m the speCial purpose dIsease nursenes, Durum Yellow Rust Nursery
(DYR-95), Durum Leaf Rust Nursery DLR-95), Durum Stem Rust Nursery (DSR
95), and Durum Septona Nursery (DST-95) SelectIOn cntena were <2 CI for
yellow rust, <5 ACI for leaf and stem rust, <3-5 average score for septona, and
<15% head infection for common bunt
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Figure 1. Performance of durum wheat germplasm against yellow, leaf, and
stem rusts, and septoria blotch (1994/95).
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The special purpose disease nursenes have the most resistant hnes for the
correspondmg diseases For yellow rust, 83% of the screened hnes are resistant, but
a relatively high percentage of resistant hnes IS found m the other germplasm
screened DPD (68%), DKL (66%), and DAC (55%) For leaf rust, all germplasm
(except DLR) shows a low percentage «10%) of resistant hnes For stem rust,
DKL and PDP have a low percentage of resistant hnes For septona, 16% of DKL
hnes were resistant, followed by DAC (13%) and PDP (11%)

Germplasm Pools for Sources of Resistance

Several germplasm pools for sources of resistance to vanous diseases precipitated
from our screenmg system (Table 1) These were pools for yellow rust (DYRGP),
septona tntici blotch (DSTGP), stem rust (DSRGP), leaf rust (DLRGP), common
bunt and yellow rust (DCBYRGP), and common bunt (DCBGP) Each of these
pools was dlstnbuted m several sets to the WANA NARSs and other collaboratmg
mstItutlOns beyond WANA These hnes, with relevant mformatlOn on each Ime m
each pool, are preserved at the ICARDA gene bank

Table 1: Durum wheat germplasm pools for sources of resistance to disease
(1988-1996).
GPPL

DYRGP-87
DYRGP-92
DYRGP-95
DSTGP-87
DSTGP-95
DSRGP-92
DSRGP-95
DLRGP-95
DCBYRGP-88
DCBGP-92

Disease

Yellow rust
Yellow rust
Yellow rust
Septorla blotch
Septorla blotch
Stem rust
Stem rust
Leaf rust
Common bunt/yellow rust
Common bunt

No of
lines
1-26
1-22
1-12
1-19
1-15
1-17
1-12
1-18
1-19
1-16

No of sets
distributed

29
30
40
30
35
29
35
40
29
29

First
release
1988/89
1992/93
1995/96
1989/90
1995/96
1992/93
1995/96
1995/96
1989/90
1992/93

One particular Ime, DYRGP-87, Waha=Cham I, released m 1984 and planted on a
large scale m several countnes of WANA, stIli mamtams ItS excellent resistance to
yellow rust Currently, thiS cultlvar occupies a quarter (roughly 300,000 ha) of the
wheat acreage m Syna All hnes m the DSRGP, DLRGP, DSTGP, and DCBGP
pools have good resistance to the non-targeted disease, yellow rust, which did not
exceed 20 MR

Some hnes m DSTGP-87 combme earlmess, septona resistance, and high yield
potentIal Lahn, for example, a cross between Schearwater and Bittern made m
MeXICO and selected from F2 m Syna, had 16% higher yield than Gezlra 17, the
local check, and 4% higher than Cham 1 Lahn IS the favonte cultlvar for the
lITigated areas m Syna
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A recent pool for sources of resistance to common bunt mcluded 26 resistant lmes
Lmes 10 this pool were resistant to mne common bunt Isolates from different
countrIes and sites 10 WANA CorrelatIOn, prIncipal components, and cluster
analysIs grouped the resistant hnes mto three clusters Cluster one comprises
genotypes with genetic mterrelatlOnshlp to Jennah Khetlfa, a Maghreblan landrace
Cluster two comprises genotypes close to Senatore Cappelli and Hauram (the latter
a landrace from Syria) Cluster three comprISes advanced genotypes contammg
resistance genes from Mmdum (a Turkish landrace) Donor sources of resistance
for lInes 10 this pool appear to be related to the three major sources mentIOned
Cultlvar Senatore CappellI IS considered resistant, smce It has been grown by
farmers on a large scale for many years and has remamed resistant to common bunt
throughout seven years of testmg Smce 1986, Senatore CappellI, an old cultlvar
which used to be planted 10 SyrIa on a large scale, has, been mtroduced 10 all
common-bunt nursenes as a resistance check Except 10 1988, when thiS cultlvar
had 20% head mfectlOn, ItS performance never exceeded 10% head mfectlOn over
the five years of testmg The consistency of resistance of thiS cultlvar suggests
durable resistance
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Situation of Durum Diseases in the Maghreb
B. Ezzahiri

Departement de Phytopathologre,
Instrtut Agronomrque et Vetennarre Hassan II, Rabat, Morocco

Abstract

In the Maghreb countnes Durum cultlvars are subject to attack by vanous fungal
dIseases The seventy and resultmg yIeld losses vary from year to year The
purpose of thIS study was to ascertam the status of durum dIseases DIsease surveys
were conducted m Morocco, Algena, and Tumsla Data Included seventy level,
type of host cultlvar (local, semI-dwarf), and growth stage at the tIme of
assessment In Morocco, the most prevalent dIseases were tan spot, septona blotch,
and leaf rust The latter occurred every year Tan spot and septona dIseases vaned
m prevalence Powdery mIldew was present In slgmficant amounts In Algena, the
most prevalent dIseases were tan spot, septorIa blotch, and leaf rust Tan spot was
slgmficant every year Leaf rust attained epIdemIc proportIOns In 1993 Among
other dIseases, yellow rust, prevIously reported as an Important dIsease In AlgerIa,
was present m two years out of four, powdery mIldew was present every year, and
partIcularly abundant m 1990 In Tumsla, septona blotch, tan spot, and leaf rust
were present every year Powdery mIldew was present every year on about 25% of
the surveyed wheat fIelds The pathogens studIed were Septona speCIes,
Pyrenophora trltlCI repentls, and PUCClnla recondlta f sp tntlcl SeptorIa blotch IS
the most Important fohar dIsease of wheat In Tumsla Septona tntlcl IS the major
pathogen In Morocco, S nodorum was more frequent on durums than S tntlcl,
espeCIally m the northern part of the country S nodorum was tWIce as frequent
(69%) than S tntlcl (31 %) on durums The frequency of occurrence of S tntrcr
was hIgher than that of S nodorum on bread wheats In Morocco, tan spot caused
by P trrtrcr repentls was found on both durum and bread wheats, although the
dIsease was more prevalent on the former However, the pathogemc speclaltzatlOn
of P trrtrcl repentls was only moderate In the Maghreb countrIes Isolates from
durums Infected bread wheats and VIce versa In an attempt to determine pathotype
and VIrulence varIatIOn In the pathogen, 18 Isolates of P tntlcl repentrs, collected
from Morocco, AlgerIa, and Tumsla, were characterIzed All 18 Isolates were of the
necrosIs type, varymg only m the extent of chlorOSIS The Isolates mteracted
slgmficantly WIth the cultlvars of the same host speCIes, therefore, the search for
reSIstance to tan spot conSIdered the pathogemc vanatlon encountered In P tntrcr
repentls The Isolates were utlhzed to screen durum for resIstance In the
greenhouse The cultlvars of durum WIth resIstance In greenhouse testing, as well
as m the field, were Sanf, KarIm, INRA 1769, and INRA 1749 Systematic race
surveys of P recondlta f sp tntlcl have been conducted In the regIon, partIcularly
In Morocco The characterIzatIOn of pathogen races In Maghreb countrIes indIcated

185



dIverSity IS generated each year from the alternate host, Anchusa ltalzca Among
the races Identified, the race UN1, aVIrulent on genes Lr1, 2a, 2c, and 3, was
frequently Isolated from T durum cultlvars ThIs race, present m the three Maghreb
countnes, IS much more Virulent on durum than on bread wheats AnalysIs of the
Virulence data m relatIOn to the geographIcal area showed that the central plams
south of Casablanca and the northwest area (Morocco) had hIghly dIverse races due
to the presence of the alternate host and to favorable condItIOns for rust
development A site where the alternate host IS functIOnal IS now used to screen for
resIstance to leaf rust Among the entnes found hIghly resistant to leaf rust at thIS
sIte were Altar, Sanf, Mahmoudl, Kohml, AZlzl ApI, Derbam AcI, and Bldl Ap44

Introduction

Durum IS Widely grown m the Maghreb countnes Both local and Improved hlgh
yleldmg cultlvars are planted, m different proportIOns, m each country These
cultlvars are subject to attack by vanous fungal diseases Seventy and resulting
yield losses vary from year to year depending mamly on prevalhng chmatlc
conditions The absence of a rehable database on disease dlstnbutlon and intensIty,
and on yield loss from dIsease, has permItted certain misconceptIOns to be
perpetuated regardmg the relative Importance of cereal dIseases m general

It IS only In the last few years that there has been a constant effort In the Maghreb
countnes to determine the annual dlstnbutlOn of wheat diseases through systematic
surveys A slgmficant amount of informatIOn IS now aVailable on the phYSIOlogical
speclahzatlOn of the most Important fungal diseases of wheat In the Maghreb The
purpose of thiS paper IS to ascertain the status of durum diseases m the Maghreb
countnes by summanzlng the results of disease and pathogen surveys

Disease Surveys
Surveys of diseases m commercial durum fields were conducted In three Maghreb
countnes (Morocco, Algena, and TunlSla) from 1990 to 1994 The surveys
determined the prevalence of fungal diseases In durum AdditIOnal data were
sometimes collected seventy level, type of host cultlvar (local, semi-dwarf), and
the growth stage at time of assessment Data summanes for each country follow

Morocco

Surveys were conducted m the mam cereal growmg areas of Morocco from 1991 to
1994 (Table 1) The most prevalent diseases were tan spot, septona blotch, and leaf
rust The latter occurred every year due to successful local oversummermg and the
occurrence of the alternate host (Ezzahm et al 1992) Tan spot and septona
diseases vaned m their prevalence Tan spot was particularly Important m 1991 and
1994 These two years saw above-average ramfall Powdery mildew was present m
slgmficant amounts during the relatively dry years of 1992 and 1993.
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Table 1. Prevalence (% of fields infected) of fungal diseases on durums in
Morocco (1991-1994).
Disease Year Average

annual
1991 1992 1993 1994 prevalence

Tan spot 92 36 29 57 53
Septona blotch 39 56 27 22 39
Leaf rust 70 76 62 68 74
Yellow rust 12 01
Stem rust 02 11 11 06 8
Powdery mildew 02 29 22 12 12
Flag smut 13
Total fields 132 46 79 174

Algeria

The results of the surveys conducted In commercial fields on durum In AlgerIa
between 1990 and 1993 are presented In Table 2 The most prevalent diseases were
tan spot, septona blotch, and leaf rust Tan spot was Significant every year Leaf
rust attamed epidemIc proportIOns In 1993 on durum Among other diseases,
yellow rust (reported previously as an Important disease In AlgerIa), was present In
two years out of four Powdery mIldew, present every year, was particularly
abundant In 1990

Table 2. Prevalence (% of fields infected) of fungal diseases on durums in
Algeria (1990-1993).

1991 1992 1993 1994
Tan spot 50 73 45 51
Septona blotch 11 05 26 20
Leaf rust 55 05 31 72
Yellow rust 11 10
Stem rust 02 11 11 06
Powdery mildew 33 05 11 05
Total fields 132 46 79 174

Data from Sayoud (1993)

Tunisia

Disease Year Average
annual

prevalence
55
15
41

08
13

Among the many diseases found on durum In TUnISia between 1990 and 1994,
septona blotch, tan spot, and leaf rust were present every year (Table 3) The
relatIve Importance of each disease vaned accordIng to clImate In the given year
Powdery mJldew was found every year In about 25% of the surveyed wheat fields
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Table 3: Prevalence (% fields infected) of funga1 diseases on durums in Tunisia
(1990-1993).

1991 1992 1993 1994
Tan spot 06 27 27 16
Septorla blotch 13 10 34 81
Leaf rust 56 17 07 10
Yellow rust
Stem rust 26 02
Powdery mildew 35 29 19 09
Flag smut 18 15 10 07

Data from Chaghlaf et al (1993)

Pathogen Characterization

Disease Year Average
annual

prevalence
19
34
22

23
12

A significant amount of research IS conducted m the Maghreb countnes an attempt
to charactenze the vanatlOn of the most Important pathogens m durum The
pathogens studied m detail were 8eptorza species, Pyrenophora trltlCI repentls, and
PUCClnza recondlta f sp tntlcl

Septaria Species

The septona diseases are economically more ImpOitant m bread wheat than m
durum In fact, septona blotch IS reported to be the most Important fohar disease of
wheat m TUniSia Among the two species (8 trltlCI and 8 nodorum), the former IS
reported to be the major pathogen m the area The symptoms produced by 8 trltlCI
and 8 nodorum and even tan spot can be confusmg For this reason, researchers
attempted to complete pathogen Identification m the laboratory

Maazouz (1992) studied a number of samples collected from durums m Morocco
He reported that 8 nodorum was more frequent mn durum than 8 tntlcl, especially
In the northern part of the country In another survey, Fanh (1993) confirmed that
8 nodorum was tWice as frequent (69%) In durum as 8 tntlcl (31 %) The
frequency of occurrence of 8 tntlcl was higher than that of 8 nodorum m bread
wheats (Table 4) Wlthm pathogen species, researchers have charactenzed the
Isolates utlhzed In screenmg bread wheats for resistance to septona blotch
(Maazouz 1992)

Table 4. Frequency (%) of Septoria species occurrence on durum and bread
wheats in Morocco (1993).

Septorla species
S tntici
S nodorum
Total fields

Data from Fanh (1993)

Durum
31
69
32
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58
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Pyrenophora tritici repentis

Tan spot caused by P trltlCl repentls IS found on both durum and bread wheats, and
IS more prevalent on the former However, Boultf et al (1994) found that the
pathogenIc speclahzatton of P trltlCl repentls IS only moderate In the Maghreb
countnes, Isolates from durums Infected bread wheats, and vIce versa In an
attempt to determIne pathotype and vIrulence vanatton In the pathogen, Boullf and
Saoud (1994) charactenzed 18 Isolates of P trItlCl repentls collected from
Morocco, Algena, and TUnISIa They found that all 18 Isolates were of the necrosIs
type, varyIng only In the extent of chlorOSIS The Isolates Interacted sIgnIficantly
WIth the cultlvars of the same host specIes Therefore, the search for resistance to
tan spot should consIder the pathogenIC vanatlOn encountered In P trItlCI repentls
The Isolates were used to screen durum for resIstance In the greenhouse Some
cultlvars developed In the Maghreb were found to be resIstant In greenhouse testIng
as well as In the field These culttvars are Sanf, Kanm, INRA 1769, and INRA
1749

Puccinia recondita f. sp. tritici

Among the three wheat rusts, leaf rust IS by far the most prevalent In the Maghreb
countnes (Ezzahtrl et al 1994b) SystematIc race surveys of P recondlta f sp
trItlCI have been conducted In the area, especIally In Morocco (Ezzahlrl et al
1994a) The study of pathogenIc vanatlon by means of race surveys IS an effort to
support epIdemIOlogIcal studIes and to enhance the usefulness of resIstance to be
Incorporated In commercIal cultlvars The charactenzatlon of pathogen races In the
Maghreb IndIcates a WIde array of vIrulence combInatIons on the Lr genes utIlized
as dIfferentIals (Tables 5, 6) ThIS dIverSIty IS generated each year from the
alternate host, A ltalzca (Ezzahtrl 1992)

Table 5. Percent disttibution of unified numeration races of Puccinia recondita
f. sp. triad identified in Morocco (1992 and 1994).
Host UN race

2 3 5 6 9 10 11 12 13 14 17

2
37

37
13

2
7

4
30

Bread wheat
Durum

1992
2 19 27 2 2 4

10 17 3 10
1994

Bread wheat 59 1 3 3 5 4 4 20
Durum 88 2 6 2 2

No of Isolates tested 135 (105 from BW and 30 from OW) In 1992, 158 (92 from BW and 66
from OW) In 1994
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Table 6. Unified numeration races of PucclJJia recondita f. sp. tritid in Algeria
(1992 and 1993) and in Tunisia (1993).
Country

2 3 5
UN race

6 9 10 11 12 13 14 17

Algeria 3 3 4
1992
1 1

1993
1 2

Algeria 8
Tunisia 4 1

No of Isolates tested Algeria 21 (1992), 8 (1993), Tunisia 5 (1993)

Among the races Identified, race UN I, aVirulent on genes Lrl, 2a, 2c, and 3, was
frequently Isolated from T durum cultlvars It IS present In the three Maghreb
countnes, and IS much more Virulent on durum than on bread wheat (Table 7)

Table 7. Seedling reactions of selected durum and bread wheat cultivars to
isolates of the race UN1.

Algerian Isolate
(A17)

TUniSian Isolate
(TU1)

Moroccan Isolate
(C20)

Durum
Kyperounda 2 2+ 12c
Acsad 65 2 2+ 3
JOri 3 3 4
COCOrit 2+ 23 3
Karim 3 3 3
Marzak 3 4 3
Belbachlr 3 2+ 3
o Zenatl 3c 23c 4
Zeramek 4 23c
Selbara 4 4 3-
Omrabl 23 23 3
Sebou 3 4 3
Sarlf 1c 1c 0
Tenslft 3 4 1c
Massa 23 4 3
Isly 23c 4 4
Tassaout 4 4 4
Waha 3c 3 3
Sahel 3+ 23 3

(contmued next page)
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(Table 7 contmued)
Algerian Isolate

(A17)
TUnisian Isolate

(TU1)
Moroccan Isolate

(C20)
Bread wheat

Nesma 0 0
Slete Cerras 12c 12
Salss 0 0
Jouda 0 0
Potam c 1N
Merchouche 3c 23-
Tlhla 0 0
Baraka 0 1+c
Khalr 1
Saba 0 0
Kanz 0 1c
A~ 1
Hork 1
Zidane 0
Z~ 0 0

The Isolates A17, TU1, and C20 are aVirulent on Lr1, 2a, 2c and 3

o
1c
1N
1c
1c
2+c
o
3
1c

1+N

o
o

Table 8. Shannon diversity for unified numeration races of Puccinia recondita
f. sp. tritid in relation to crop species and areas of Morocco (1990 and 1992).

Bread wheat Durum
No of No of Shannon No of No of Shannon

Isolates races mdex Isolates races Index
1990

Souss 21 6 1 63 10 5 147
Central plains 39 7 1 31 33 10 217
Tadla 5 3 105 7 4 1 15
Gharb 7 3 079 4 3 1 03
Sals 3 2 063 1 1
Tangerols 9 5 1 56 11 5 1 52

1992
Souss 26 7 1 46 18 5 1 60
Central plams 51 9 1 60 7 4 1 15
Tadla
Gharb 16 5 1 4 5 2 07
Sals 9 4 1 2 2 2 07
Tangerals 5 3 09 3 3 1 0

Shannon Index=plln(pl), pl=frequency of the I-th phenotype

AnalysIs of virulence data m relatIOn to geographical area (Table 8) m Morocco
shows that the central plams south of Casablanca and the northwest area (Fig I)
have diverse races, due to the presence of the alternate host and to favorable
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conditions for rust development One sIte where the alternate host IS present IS now
used to screen durums for resIstance to leaf rust Among the entries hIghly resIstant
to leaf rust at thIs sIte are Altar, Sanf, Mahmoudl, Kohml, AZlzl Ap1, Derbam AcI,
and Bldl Ap44

t
N

AtlantIc
Ocean

J. Souss
2 central

Plains
3. Tadla
4. Gharb
5. SaIS
6. TangerOi s

(Northwest)

I I
o 200km

Figure 1. Surveyed wheat-growing areas of Morocco.
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Conclusion
Among the many dIseases that attack durums, tan spot, septorla blotch and leaf rust
are the most prevalent In the Maghreb The fact that these dIseases occur wIdely In
the regIon IS sufficIent reason to Justify epIdemIOlogIcal studIes

The discovery that S nodorum IS more frequently found on durum than S tntlcl In
Morocco needs to be pursued at the regIOnal level There IS a need to assess the
geographIcal dlstnbutlOn of Septorza specIes and the Impact on durums In the
Maghreb In order to more effectIvely dIrect the use of resIstant cultlvars

Some of the research actIvIties on tan spot have focused on the characterizatIOn of
pathogen vanatlon Specific Isolates of Pyrenophora trltlCl repentls were utJhzed to
screen durums for resIstance to thIs pathogen

For leaf rust, the partlculantles of the hfe cycle of the causal agent are weII known
Areas of hIgh pathogemc variatIOn have been Identified In Morocco Results of the
race surveys IndIcate a common pattern of racial dlstnbutton of P recondlta f sp
trItlCI on durum In the Maghreb

Acknowledgments
The work reported here was supported by UNDP Project RAB/91/007

References

Bouhf, M and H. Saoud 1994 Actlvltes reahsees sur Ie tan spot durant la
campagne 1993-1994. PNUD-Maghreb ProJect, Rab 91·007, DIsease Survey
and Germplasm Enhancement on Cereals and Food Legumes Annual Report

Bouhf, M , S Amm, H Saoud, R. Sayoud and M Harrabl 1994 Current status of
tan spot research m the Maghreb FIfth Arab Congress of Plant Protectton,
Fez, Morocco, 27 Nov-2 Dec

Chalghaf, E , M Harrabl, 0 YahyaoUl, M Chenf, M Abed, A Sbel and N SnOUSSl
1993 SurveIllance des maladIes des cereales en TumSle Second
CoordmatlOn Meettng, UNDP-Maghreb ProJect, Rab 91-007, DIsease Survey
and Germplasm Enhancement on Cereals and Food Legumes

Ezzahm 8., S. Dloun and A P Roelfs. 1992. Anchusa Italzca as an alternate host for
wheat leaf rust m Morocco Plant DIsease 76. 1185.

Ezzahm, B ,S Dloun and A P Roelfs 1994a. PathogeneCIty of PUCCIma recondita f
sp trlt1ci m Morocco dunng 1985, 1988, 1990, and 1992 Plant DIsease 78
407-410.

Ezzahm, B ,S Dloun, R Sayoud and A YahyaoUl 1994b Slgmflcance of wheat
rusts m the Maghreb countnes FIfth Arab Congress of Plant ProtectIOn, Fez,
Morocco, 27 Nov-2 Dec

193



Fanh, A. 1993 Etude de la dlstnbution et de l'importance de la septonose du ble au
Maroc. UNDP-Maghreb Project, Rab 91-007, DIsease Survey and Germplasm
Enhancement on Cereals and Food Legumes Annual Report

Fanh, A 1994 Occurrence, dlstnbutlOn and seventy of Septona dIseases in

Morocco FIfth Arab Congress of Plant ProtectlOn, Fez, Morocco, 27 Nov-2
Dec

Maazouz, H 1992 Etudes sur la Septonose du ble due a Mycosphaerella
grammlcola (Septona tntlCl) au Maroc ThesIs Umverslty My Ismall, Meknes,
Morocco

Sayoud, R 1993 Resultats des prospectlOns des maladIes des cereales en Algene
Second CoordmatlOn Meetmg, Tums, UNDP-Maghreb proJect, Rab 91-007,
DIsease Survey and Germplasm Enhancement on Cereals and Food Legumes

194



Durum Resistance to Insect Pests in Morocco
M. EI Bouhssim\ s. Lhaloui\ M. Nserellah\ M.M. Nachle, A. Amri\

J.H. Hatchete and O. Benlhabib4

'CRRA (INRA) , Settat, Morocco
2ICARDA, Aleppo, Syna

3USDA-ARS, KSU, KS, USA
4,AV Hassan II, Rabat, Morocco

Abstract

In Morocco, durum productIOn IS severely affected by HessIan fly, wheat stem saw
fly, and the RussIan wheat aphId HessIan fly losses are estImated at 32% Nme
major wheat resIstance genes were IdentIfied agamst HessIan fly In Morocco The
mechamsm of resIstance In these wheat genes IS antIbIOSIS The first durum lIne
resIstant to HeSSIan fly has been IdentIfied To dIverSIfy sources of resistance for
HeSSIan fly, wl1d relatIves of wheat, such as Aegilops ovata (UM), Ae squarrosa
(D), and Ae trzunczalzs (Ue) were studied SInce few sources of resistance to
HeSSIan fly In durum are aval1able, we transferred the H5 gene located on the A
genome from bread wheat to durum Field surveys showed that saw fly attacks all
cereal species In Morocco, with the level of InfestatIOn similar on the cereals
(40%) RUSSIan wheat aphId IS found m all cereal-producIng regIOns of the country
Two hundred and SIXty four hnes of the mam cereals (barley, bread wheat, durum
and tntlcale) were evaluated In the greenhouse for resIstance, s IX barley hnes, three
bread wheat, and two tntlcales showed good resistance, however, no resistance was
found In durum

Introduction

Insect surveys conducted In the cereal productIOn areas of Morocco SInce 1982
have shown that durum (TrztIcum turgldum subsp durum) productIOn IS severely
affected by damage caused by a group of Insect pests The most Important of these
are HeSSIan fly, MayetlOla destructor (Say), wheat stem saw fly, Cephus spp , and
RUSSian wheat aphId, Diuraphis noxza (MordvIlko) Our research effort
concentrates mostly on HeSSIan fly, an Insect that IS the most damagIng to durum
Our strategy of Insect control IS onented toward genetIc resistance, due to the
follOWIng reasons

• It does not pollute the envIronment

• It does not cost the farmer, everythIng IS Incorporated In the seed

• It has given satIsfactory results In other parts of the world
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Hessian Fly (Diptera: Cecidomyiidae)

Importance of the Insect

In Morocco, damage caused by HessIan fly can result m total loss of the crop If
hIgh mfestatlOns occur at the early stages of crop development Lhaloul (1992),
usmg the msectIclde Furadan 5G, estImated HessIan fly losses on durum at 32%

Our five year survey (1986-90) In the west central semI-and regIon of Morocco
showed that 85% of the 916 fields surveyed were mfested, and 55% had economIc
InfestatIOns, consIdered as >20 percent tIllers mfested (LhaloUl et al 1992)

Sources of Resistance

Table 1 summanzes the nme major wheat resIstance genes effective agamst
HeSSIan fly In Morocco The resIstance reactIOn of these genes has been confirmed
both In the greenhouse and In the field The mechanism of resIstance In these wheat
genes IS antibiOsIS, Ie, the first Instars of aVIrulent blOtypes dIe after feedmg on
resIstant plants (EI Bouhssml et al 1995) Two other genes, H7H8 and H9, are only
moderately resIstant agaInst HeSSIan fly In Morocco H9 genes exhibIt antibIosIs
agaInst HeSSIan fly larvae, whereas H7H8 genes allow for aVIrulent larvae to
survIve on resIstant plants (EI BouhsSInI 1988, EI BouhsSInI 1992)

Table 1. Major wheat genes for resistance to Hessian fly in Morocco.
Gene deSignation Source Genome or chromosome

location
H5
H7,H8
H11
H13
H14,H15
H21
H22
H23
H25
H26

T aestlvum
T aestlVum
T turgldum

A squarrosa
T turgldum
S cereale

A squarrosa
A squarrosa

S cereale
A squarrosa

1A
50,?

1A
60L
5A

2BS 2RL
10
60

4AS 4AL-6RL 4AL
40

Table 2 summanzes four other sources of resistance effectIve agaInst HeSSian fly In
Morocco, all of them are bread wheats The two CIMMYT hnes, L222 and L254,
and the Algenan Ime, ADC 14, express antIbIosIs agaInst HeSSIan fly m Morocco
L222 and L254 have hIgh resIstance (about 100%), slmJlar to that prOVIded by the
major resistance genes, whereas ADC 14 IS Just moderately resIstant We are In the
process of studyIng the mhentance of resIstance In these lInes The cultlvar Masslra
and the lIne BT92P1 20, whIch ongInated from the ICARDA wheat breedIng
program, exhIbIt tolerance agaInst HeSSIan fly We are In the process of
determInmg at which wheat groWIng stage thIS tolerance IS expressed
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Table 2. Other sources of resistance to Hessian fly in Morocco.

AntibioSIS
AntibiosIS
AntibiosIS

T aestlvum
T aestlvum
T aestlvum

Line Source Mechanism of resistance
Masslra T aestlvum Tolerance
BT92P1 20 T aestlvum Tolerance
(NS 732/HERM)
L222
L254
ADC14

Table 3 summanzes the first durum sources of resistance to Hessian fly m
Morocco TheIr resistance reactIOn was confirmed both m the field and m the
greenhouse The Imes CM829 (from the mternatIOnal collectIOn) and BO MS3
(from the Moroccan breedmg program) are Interestmg because they combme two
mechamsms of resistance antIbIOsIS and tolerance There IS a mIxture of lIve and
dead larvae on resIstant plants The Imes CI 112, CI 113, and CI 115 (from the
ICARDA collectIOn) have a hIgh level of resIstance and express antibIOsIS against
HeSSian fly larvae We are m the process of studymg the mhentance of their
resIstance to see If they carry new resistance genes

Table 3. Resistance of ICARDA and international durum collection to Hessian
fly (Settat, Morocco).

CM 829
CI112
CI113
CI115
BDMS3
NASMA (susc check)
SAADA(resls check)

Percentage of
resistant plants

785
75 a

1000
1000

41 a
00

100 0

Mechanism of resistance

Antibiosis/tolerance
AntibiosIS
AntibiosIS
AntibiOsIS

Antiblosls/tolerance

AntibioSIS

In order to dlversrfy sources of resistance for HeSSian fly, we have explored wdd
relatIves of wheat Tables 4 and 5 show that eight species of these Wild relatives
have resIstance to HeSSian fly In Morocco Ae ovata (UM), Ae squarrosa (D), and
Ae trlunclalzs (UC) showed the highest number of resistant acceSSIOns Most of the
resistant acceSSIOns of these Wild species were collected m Morocco (Bentlkka
1994, Houan, unpublIshed data)
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Table. 4. Reaction of a Moroccan collection of Aegilops for resistance to
Hessian fly (Settat, Morocco 1995).
Species and Origin
genome
A ovata (UM)

A tnunc,al,s (UC)
A tnar/stata (UM)
A ventr/cosa (DUn)

Mekens, Fes, Nador,
Chefchaouan, Tetouan

Ksar EI Keblr
Azrou, Sefrou

No of accessions
tested
36

15
3
4

No of resistant
accessions

5

o
1
2

Table 5. Resistance of an ICARDA Aegilops collection to Hessian fly (Settat,
Morocco, 1950.

88 20

No of accessions No of resistant
tested accessions

Species and
genome
A ovata (UM)

A tnunclalls (UC)

A tnanstata (UM)
A cylmdnca (CD)
A squarrosa (D)

Morocco (14),
Portugal (5),

Syna (1)
Morocco (2),
Portugal (4)

Morocco
Turkey

?

41

8
4
7

6

1
1
5

Gene Deployment Strategies

All major resistance genes Identified have been transferred to Moroccan wheats
through a backcross breedIng method In addition to ItS presence In a WInter bread
wheat, Arthur 71, the H5 gene IS also present In a sprIng wheat germplasm,
SD8036 (Chohc et al 1987) SD8036 was recently released In Morocco as the
cultlvar Saada, targeted for production In the southern part of the country where
Hessian fly IS the most damagIng This cultlvar IS In very hmlted use, however,
because ItS red kernels are not Itked by farmers The bread wheat cv Massira was
released to farmers In 1994 Two bread wheat lInes carryIng H13 and H23, as well
as L222, are In registratIOn yield trIals If they perform well durIng two years of
yIeld testIng In several locations, they wJ11 be released to farmers In 1996 SInce we
have IdentIfied few sources of resistance for HeSSIan fly In durum, we have
transferred the H5 gene located on the A genome from bread wheat to durum
Several promisIng durum lInes have been selected out of this backcross program

Although the optimum strategy for gene deployment IS open to debate, we adopted
a single-gene strategy Cox and Hatchett (1986) favor sequential gene deployment
or simultaneous deployment of different genes, whereas Gould (1986) proposes
pyramIdIng genes for more durable resIstance In both cases, the authors based theIr
conclUSIOns on simulatIOn models In which certaIn assumptIons related to the
genotypic Interaction between resistance genes and Virulence genes and to other
genetic parameters had not been verIfied
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Knowledge of genetIc parameters such as the survIval of homozygous
aVlfulent/heterozygous Hessian fly genotypes, and wheat carrymg specific
resIstance genes IS essential to understandmg host msect mteractlOn Resistance
genes, such as H7H8, agamst HessIan fly m Morocco allow a hIgh survival of
avirulent larvae on resIstant plants (EI Bouhssml 1992), and thus should be
deployed to reduce selection for bIotype development It would be llIce to deploy
wheat varieties that express tolerance agamst HessIan fly larvae ThIS should dIlute
Virulence genes m the fly populations and thus slow down bIotype development

Wheat Stem Saw Fly (Hymenoptera: Cephidae)

Importance of the Insect

Surveys and field trials conducted m 1987/88 show that saw fly attacks the four
cereal specIes grown m Morocco bread wheat, durum, barley, and tntlcale It IS
found m all cereal-growmg areas of the country, With SimIlar levels of mfestatlOn
for all cereals (40%) The hIghest percent weight loss per 1,000 kernels (17%) and
reductIOn m number of kernels per spIke (45%) were found on durum (EI
Bouhssml et al (1987)

Sources of Resistance

No major effort has been mounted to fmd solId-stem durum Nor does the
entomology laboratory III Settat have any source of resistance for saw fly III durum
ICARDA saw fly nurseries should be evaluated III Morocco In bread wheat, Settat
does have a lIne that combmes resistance to saw fly and HeSSian fly It ongmates
from a cross between the variety Potam, whIch has solId stems, and a line carrylllg
the H13 gene It would be helpful to develop durum hnes WIth combmed resistance
to both pests, HeSSian fly and saw fly

Russian Wheat Aphid (Homoptera: Aphididae)

Importance of the Insect

RUSSIan wheat aphid, Dluraphls nOXla (Mordvllko), IS a new Illsect pest of cereals
III Morocco In the last few years thiS aphId has been limited to high elevatIOns, but
It IS now found m all cereal producmg regIOns of the country

Sources of Resistance

Two hundred SIXty four lines of the mam cereals (barley, bread wheat, durum, and
triticale) were evaluated III the greenhouse for resistance to thiS pest Based on the
degree of damage and plant height III comparison to non-Illfested checks, SIX barley
hnes, three bread wheat, and two trltlcales showed good resistance to RUSSian
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wheat aphId (Boulmane 1994) These sources of resIstance have been gIven to
breeders to use m theIr breedmg programs From thIS first screenmg, It appears that
specIal efforts wIll need be made to find sources of resIstance for durum
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Towards Efficient Doubled
Haploid Methods in Durum
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Abstract

HaplOidizatlOn IS one Important plant bIotechnology for the Improvement of
durum Doubled haplOid (DH) methods not only enable the plant breeder to qUickly
obtam pure Imes but also provIde the Ideal matenal for genetIc mappmg WIth
molecular markers The use of such doubled haploId homozygous lInes m breedmg
programs wIll save tIme and Improve the accuracy of evaluatIon of qualItatIve and
quantItatIve traIts The mam methods for haploId productIon are crosses wIth
mducer lInes, mterspecific and mtergenenc crosses followed by in vitro embryo
rescue, and in Vitro gynogenesIs and androgenesIs Wlthm the network, each of the
avaIlable techniques Will be mvestigated to enable the development of a method to
produce DH lInes m durum m hIgh numbers Currently, Isolated mlcrospore culture
and mtergenenc crosses With maIze are the most promIsmg methods

Importance of Haplodiploidization for Durum

Drought IS the major stress lImItmg durum yIeld m the low-mput enVIronments of
West ASIa and North Afnca In 1995, drought resulted m 70% losses at harvest
Southern Europe IS exposed to the same stress Other abIOtIc stresses are also
Important, such as cold, salmIty, and heat The selectIOn for new stress-tolerant
vaneties IS dIfficult, tIme consummg, and reqUires more accurate tools to overcome
eXIstmg bottlenecks Among these tools, in Vitro and molecular biotechnologies are
promlsmg

GIven thIS context, the general objective of bIOtechnologIcal research applIed to
durum wheat IS the development of effiCIent tools for abIOtiC (drought, salmlty,
heat, and cold) stress-tolerance Improvement of durum wheat m the Mediterranean
basm These tools are not yet well developed m thIS specIes, despite prevIous
research efforts In fact, durum represents a challenge for all SCientIsts concerned
WIth bIOtechnology The aim of researchers concerned WIth in Vitro bIOtechnologies
m the SEWANA durum research network IS to make a comprehenSive attempt to
elImmate the recalcItrance of durum wheat to in vitro approaches

HaplOldlzatlon IS lIkely to become one of the most Important plant bIOtechnologies,
mamly to Improve small-gram cereals such as durum Doubled haplOid (DH)
methods enable the plant breeder to qUickly obtam pure lInes, WIth better accuracy
due to the lack of heterozygosIty and a better genetic gam when additIVity and
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additive epistasIs are predommant The use of such doubled haplOid homozygous
Imes m breedmg programs will save time (2-3 years) and can enhance the genetic
gam per cycle Homozygous Imes Improve the accuracy of evaluation of quahtatlve
and quantitative traIts

Monocellular haploid systems such as Isolated mlcrospores would be very helpful
m the area of m vItro selectIOn for stress tolerance (Lashermes 1991, Mlhamou
Zlyyat et al 1994) In addition, DH methods allow a Simplification of genetic
quantitative analysIs as well as molecular mappmg The most Important
mternatlonal genetic mappmg programs m cereal mvolve studies on targeted
crosses and their DH Ime populatIOns, If DH methods are available for the crop

The number of DH hnes registered around the world as new vanetles IS mcreasmg
for species such as barley, nce, bread wheat, and rape seed For barley m Europe,
for example, the number of DH cultlvars IS more than 20 For bread wheat, four
new DH-denved vanetles have been released smce 1990

The contmuous Improvement of DH methods IS, therefore, strategically cntlcal for
a species such as durum where this bIOtechnology IS so far not yet available for
populatIOn development In vItro production of DH lines could hasten the
production of new vanetles of durum m the Mediterranean basm, provldmg
breeders of durum With powerful techmques of pure (homozygous) hne production
and savmg time m the evaluatIOn of progemes and m the release of new vanetles
The consequences of successful DH methods m thiS Important crop are very
Important So far, the difficulty m obtammg DH hnes m durum, Irrespective of the
method, IS a bottleneck (Picard et al 1995)

Methods of Producing Haploids in Durum

The mam methods for haplOid productIOn are crosses With mducer hnes,
mterspeclfic and mtergenenc crosses followed by In VItro embryo rescue, and In

VItro gynogenesIs, and androgeneSIs The most Important methods are descnbed
below

Intergeneric Crosses

In durum, an mtergenenc cross With com (Zea mays) IS currently the most
successful method of DH hne productIOn UtilizatIOn of maize or other species
such as teosmte m mtergenenc crosses has proVided the geneticist With an
alternative way to produce haplOid hnes m durum (Cattaneo et al 1991, Mlhamou
Zlyyat, 1992) Intergenenc crosses between T turgidum subsp durum and Z mays
offer a good solutIOn to the problem of alblmsm, as almost all plants denved from
thiS techmque are chlorophylhan (Rtera-Llzarazu et al 1992, Comeau et al 1988,
Amranl et at 1993, Coumans et at 1993) Nevertheless, strong genotypic effects
have been observed In durum, when durum IS used as the female This techmque IS
used m pnvate companies to produce DH hnes for their breedmg programs
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In Vitro Androgenesis or Gynogenesis

In Vitro anther cultures (also called In vitro androgenesIs), discovered 3 I years ago
on solId as well as lIqUId media, have evolved very qUIckly durmg the last seven
years However, durum appears to be one of the more recalcitrant speCIes for In

Vitro androgenesIs Alssa (1974) was the first to obtam green plantlets durmg wheat
anther culture ThIs recalcItrance IS charactenzed by a strong genotypic effect
leadmg to a low frequency of genotypes glvmg chlorophyliian plantlets or low
embryo rates (GhaemI et al 1993, MIhamou-ZIyyat 1992, Cattaneo et al 199 I)
MIhamou-Zlyyat and Picard (unpubhshed results) obtamed In vitro androgenetlc
embryos on 95% of 101 homozygous lInes of durum wheat 10 France (with a
percentage of embryos rangmg from 0 1% to 382%) But the regeneratIOn of 52
chlorophylhan plants was obtamed WIth only 17 hnes (16% of the total) The best
green plant regeneratIOn rate was obtamed WIth the vanety Mondur (average I 2
green plants per 100 cultIvated anthers)

An understand109 of the In vitro behavIOr (culturablhty aptItude to produce
haplOId chlorophyliian plants) of the durum landraces of North Afnca IS a very
Important ObjectIve whIch wIll facIlitate the future use of genetic dIverSIty to
Improve thIS cereal 10 the SEWANA regIOn

Isolated Microspore Systems
In order to elImmate the recalCItrance of this speCIes, we have chosen to adapt and
develop all the avaIlable methodologIes of other cereals on a restncted core of
durum hnes and a common target cross Recently, the culture of Isolated
mlCrospores has been conSIdered the most effiCIent method because of ItS
SImplICIty, the absence of maternal tIssue, and the lower competItIon between
mIcrospores (MeJza et al 1995) This method not only allows a better apphcatlOn
of the DH method 10 crop breed109 as exemplIfied 10 rape seed or barley, but also
opens new pOSSIbIhtIes for genetIC manIpulatIon and In vitro selectIOn In our
laboratory (PIcard et al 1995) we have obtamed results WIth Isolated mlcrospore
culture for bread wheat WIth one bread wheat genotype (DH Ime 112) we were
able, on a modIfied Chu medIUm contammg 026 M glucose, to produce hundreds
of green plants at a maXImum rate of 0 2% of mlcrospores developmg a green
plant Currently, de Buyser and Picard are trymg to apply thIS method to durum
genotypes such as Cham 1, Jennah Khetlfa, Konfla, and Kablr

Fmally, It IS antIcIpated that Isolated mlcrospore cultures In durum are hkely to
overcome the genotypIC effects caused by maternal tIssue In Jntergenenc crosses, as
well as In anther culture Such a method IS also very attractive for In Vltro selection
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Haplodiploidization Research in the SEWANA durum
Network

The SEWANA durum network has mtegrated withm Its program research on DH
methods m order to obtam DH populatIons for the development of molecular
marker maps for durum and to ease selection for breeders Wlthm the network, the
partners Will try to ehmmate the recalcitrance of durum to haplodiplOIdizatlon All
available methods (mtergenenc cross of durum x maize followed by haplOId
embryo cultures, anther culture, ovary culture, and Isolated microspore culture) Will
be studied m parallel wIth the same genotypes GenetIc studies WIll be undertaken
to further our understandmg of the ongm of albmlsm Genetic dIversity of
landraces for theIr culturablhty In Vitro Will be evaluated

Induced Gynogenesis through Intergeneric Crosses
Induced gynogenesIs after crossmg durum wheat wIth maize must be Improved m
order to obtam higher embryo frequency and related hIgher frequencies of green
plant recovery These expenments Will be carned out on the targeted cross (Cham 1
x Jennah Khetlfa) and on durum genotypes of the durum core collectIOn (Coumans,
DusautoIr) Intergenenc crosses with Hordeum bulbosum strams selected for their
aptitude to produce a hIgh rate ofembryos wdl also be mvestigated (El Haddoury)

In Vitro Anther Culture or Androgenesis and Analysis of
Genetic Effects

A suffiCient number of DH lmes (about 200) are planned to be produced from the
current targeted cross (Cham x 1 Jennah Khetlfa), with Jennah Khettfa as a
responsive Ime m anther culture (Amara, BenlhabIb, de Buyser, LepOIvre, Picard)
A complete study of the genetic vanablhty of androgenetlc responses of durum
landraces from Maghreb countrIes will be undertaken Screenmg of thIS genetic
pool of durum for anther culture response and selectIOn of highly responsive DH
lines Will be carned out (Bechelkh, Daaloul, Amara, Mlhamou-ZIyyat, Benlhablb)

Improvement of the eXlstmg culture techmque Will be attempted with a hmlted
number of genotypes The parameters to be analyzed are pretreatment condItIOns,
mfluence of culture medIUm and modificatIOn of gellmg agent, osmotic pressure,
sugar supply, and environmental conditIOns Crosses and selfed progemes, Will be
analyzed for genetic effects by diallel analysis (Lepoivre, Anceau, Amara)

Backcrosses of durum on bread wheat are now available and will be studied for
cytoplasmatlc effects on androgenetlc responses The role of the bread wheat
cytoplasm with respect to the durum nuclear genome WIll be evaluated m order to
detect unknown specific effects of the plastid genome (Chlyah and Chlyah)
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Molecular studies could be undertaken to map deletions in the plastid genome of
mlCrospore-denved alb100 plants and to trace their ongm dur10g androgenesIs
(Coumans)

In Vitro Gynogenesis
Expenments Will be carned out to develop m vltro gynogenesIs through the
transfer of knowledge from barley to durum

Isolated Microspore Culture

The objective IS to transfer methods recently developed 10 other cereals such as
barley, maize, and bread wheat to durum Besides the expected Increase In embryo
productIOn, Isolated mlCrospore culture should allow a closer control of the
1OductlOn phase and pOSSibly a decrease of alb10lsm A few selected genotypes
among the core collectIOn (Cham 1, Jennah KhetIfa, AZlzl) wIll be tested With
different expenmental deSigns along the follow1Og parameters culture conditIOns
of donor plants, stress pretreatment, extractIOn method, punficatlon of embryogeOlc
mlcrospores, co-culture, and tIm10g of embryo transfer (Picard, deBuyser,
Coumans)

Conclusion

The efforts of the SEWANA durum network on the varIOUS aspects of
haplodlplOldlzatlOn are very Important 11l1s techOlque may become Widespread In
the near future It IS particularly Important to prOVide the members of the durum
network 1Ovolved 10 molecular mapp10g With a populatIOn of 200-250 doubled
haploid hnes of a common targeted cross (Cham 1 x Jennah Khetlfa) Currently, a
populatIon of s1Ogle-seed descent derIved lInes IS used TheoretIcally,
haplodlplOldlzatlOn IS a very helpful method for molecular mapp10g because DH
hnes are completely homozygous, and therefore correlatIOns between markers and
agronomlcal traits are relatively easy to controL Thus, thiS project wIll allow
comparIson of s1Ogle-seed descent hnes With the DH method for molecular
mapp10g
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In Vitro Techniques, an Overview
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Abstract
Durmg the sabbatIcal year of A Comeau at ICARDA, the potentIal of m vllro
methods was evaluated HaplOId productIon In barley was carned out by means of
anther culture, and the same genotypes were also studIed at Laval Umverslty
Barley germplasm developed from Synan landraces belongs to the most
recalcItrant barley genotypes The use of interspecific crosses wIth Hordeum
bulbosum may be an alternatIve for haplOId productIon In barley SImilarly,
androgenesIs In durum mIght be tned wIth InterspecIfic crosses WIth maize or
related speCIes Interspecific crosses between durum and Aegllops specIes were
also mvesttgated Synchromzatlon of flowering between Aegllops specIes and
durum reqUIres attentIOn A tIller culture method was used to carry out pollinatIOn
and allow embryo formatIOn under controlled envIronmental condItIOns Sucrose
solutIOn supplemented wIth 2,4-D aUXInS were sufficIent to allow pollinatIon and
embryo formatIOn untIl embryo rescue techntques could be apphed For systematIc
mtrogresslOn of Aegllops germplasm Into durum, new genotypes have to be
IdentIfied and used OtherwIse, crosses dunng the summer, when temperatures
exceed 30°C, may deactIvate necrosIs genes

Overview of In Vitro Research for Key Cereal Species

In wtro technology related to durum has receIved attentIon only qUIte recently In
Canada, as well as at ICARDA, more efforts had been Invested m bread wheat
(PIcard et al 1990, Lashermes et al 1991, Trottier et al 1993) In thIS speCies,
mterspeclfic crosses, androgenesIs, and haplOId productIOn by wheat x maIze,
wheat x teosInte, and wheat x Trzpsacum crosses are rather easy to obtain (LaurIe
and Bennett 1988) Two areas of m Vitro research have also been rather successful
haploId productIOn through anther culture or crosses wIth H bulbosum (Kaha and
Kao 1970, Ptckenng and Deveaux 1990) and, recently, mlcrospore culture (Olsen
et al 1991, Jahne et al 1991), especially at Guelph Untverslty (Zlauddm et al
1991) A method mtermedlate between mlCrospore and anther culture, called shed
pollen culture, IS bemg used at Laval Untverslty As for durum, only mterspeclfic
crosses are now bemg pursued In Canada, although the Montpelher results may stir
mterest for durum x maIze crossing to create haplOIds

In durum androgenesIs, the maIn problem IS the lack of regeneratIOn ThIS has been
noted m research carned out In France, Morocco, and Tuntsla (Coumans et al
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1997, Amara et al 1997, thIs volume). If thIs specIes does regenerate, It yIelds
albmos

Recent results allow us to postulate that cereals adapted to drought are more
recalcItrant to androgeneSIs, and thIs holds true for barley, rye, and durum, to name
a few All these specIes tend to have sImIlar regeneratIon problems, and albInism
Recent promlsmg results wIth barley mdlcate that theIr study mIght gIve clues
about how to Improve the androgeneSIs method for durum Unttl the androgenetlc
pathway works better, the durum x maIze method of producmg haploIds IS of more
ImmedIate usefulness (Coumans et al 1997, this volume)

Controlling Regeneration and Albinism by Improved Media

The androgenesIs work done at ICARDA m 1993/94 was paralleled by studIes at
Laval Umverslty by graduate student J Ouedraogo, usmg slmtlar medIa and
methods The medIa were modIficatIOns of Hunter's Flcoll ItqUld medIUm (Hunter
1987), to whIch ammo aCIds and hormones were added The ICARDA work
concentrated on androgenesIs of Tadmor barley and related drought-adapted
materIal, the Laval student studIed more dIversIfied germplasm The results
obtamed at ICARDA were pOSItIve, but not opttmum when compared to the
posslblltttes of the bulbosum method, dIscussed below However, the Laval data
shed new Itght on the dIfficultIes encountered at ICARDA The first part of the
Laval research was to confirm that an ammo aCId mIxture developed by Comeau
(TrottJer et al 1993) was also useful m barley TrIals WIth three cultlvars showed
that ammo aCId doubled the success of green plant productIOn Research on varIOUS
hormones gave negatIve results None of these hormonal modIficattons, trIed m
factorIal deSIgn WIth the ammo aCId supplement, was any better than the Hunter
medIUm WIth U2 5 ammo aCIds, m fact these medIa were almost always worse

Research was extended to varIOUS barley lmes and F1 hybrIds of varIOUS
compleXIty The best medIUm (Hunter plus BA and ammo aCids) was used
Recalcitrance varIed strongly among genotypes In thIS germplasm, embryos per
100 anthers and green plants per 100 anthers were strongly correlated Green plants
per 100 anthers and albInO plants per 100 anthers were not correlated However, the
number of green plants per 100 anthers and the percentage of albInIsm were
strongly and negatIvely correlated

It was obvIOUS that Tadmor was the very worst of all lmes for embryo productIon
In the correlatIOn between green plants WIth percent albInism, Tadmor was agam
one of the worst performers Usmg totally novel medIa, we had obtamed some
promlsmg results WIth Tadmor at ICARDA, but we dId not realtze the SIgnificance
of these result untIl we compared our results WIth those ofOuedraogo These novel
medIa need further research, planned for the sprmg of 1995 at Laval ThIS part of a
project IS sponsored by prIvate mdustry (Coop Federee and Semlco Inc ), WIth
support from the Industry and Trade MInIstry of the Quebec government
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Some authors claim that albmlsm and embryo inductIOn are controlled by
completely different genes The Laval results are contrary to this conclusIOn It IS
clear that the best media Improved the embryo formation and, at the same time,
reduced albmlsm It IS also clear that genotypes that were recalcitrant suffered from
two correlated problems reduced embryo formatIOn and a high rate of albmlsm It
thus becomes clear that Improvmg the speed and rate of embryo formation IS the
way to reduce albmlsm, although the difficulties mherent to regeneratIOn are not to
be underestimated

HaplOid chromosome number must be doubled to restore fertility Chromosome
doubling technology was Improved at ICARDA by usmg Laval University methods
usmg locally-made eqUipment to handle the plants Without klllmg them (Tawkaz et
al 1994) ThiS system worked satisfactorIly at Laval, and has been Improved by
the use of a novel hydropOniC nutrIent solutIOn, a formula developed by Comeau
and Van Leur at ICARDA Green, fast-growmg plantlets are essential to doublmg
success

Haploidy from Alien Crosses

Comeau's orIgmal U2 5 ammo aCid medIUm (TrottIer et al 1992) was deSigned
for embryo rescue, and was known to be adapted to the rescue of haplOid embryos
from cultivated barley x H bulbosum and durum x maize At ICARDA, we were
hopmg to find some H bulbosum m an old nursery planted by Inagakl and Tahir
about SIX years ago As exact pedigrees were not aVailable, we crossed a random
serIes of H bulbosum With varIOUS wmter and sprmg barleys

ThiS was useful to confirm that a lot of embryos can be rescued from such crosses,
the dlsappomtment was that the materIal turned out to be derIved from tetraplOid
bulbosum, which IS not approprIate for haplOid productIOn

Fresh pollen of bulbosum IS shed as soon as the rays of the sun touch the spikes,
before 6 AM Later m the day, fresh pollen cannot be found A novel Idea was to
cut the bulbosum heads one day m advance, m the afternoon, and store these heads
m wet towels, m a cooler at about 0° C (a cooler that fits mSlde a car IS Ideal) The
next day, one can conveniently take out a few spikes at a time, let the pollen shed at
any time of day, and do the crossmg With fresh pollen usmg a "pollen funnel" to
direct the pollen onto the flowers

Recalcitrance does not seem to be a problem With thiS method The only aspects
that need attentIOn are pollen quality (it must be fresh), and speCial media for very
tmy embryos The bulbosum method should be very cost-effective for barley at
ICARDA

The durum x maize method IS really not very different from the bulbosum method
used for barley Durum embryos are, however smaller Yet, With proper attention,
the problem can be solved With a tiller culture system ThiS Idea could not be trIed
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at ICARDA with durum x maize, as the two species are difficult to synchronIze
However, the technIque can be trIed out USing fast-growing Trzpsacum species
Ideally, both male and female should be grown In cabinets, although this IS
Impractical where space IS lImited In practice, Trzpsacum can be grown Indoors,
although ItS weediness potential must be considered before releasing It outdoors
The females could be field-grown, but planted very early so that they flower when
the weather IS cool

The Tiller Culture System

Female spikes can be cut 1-3 days before flowering and then grown m a nutrIent
solutIOn, perhaps simply a sucrose syrup TrIals with F jalll from Hassan II
UnIversity confirm that an 8-9% sucrose solution IS best for young durum spikes,
and that 4 5-6% solutions seem better for more advanced gram fillIng In
CIMMYT, MeXICO, and at MontpellIer (Coumans et al 1997 this proceedmgs),
this method was combmed with the use of 75 mg/L of auxm 2,4-0 after
pollmatlOn, to delay embryo mortality and facIlitate embryo rescue The auxm can
be added to the sucrose solution

Application to Durum Interspecific Crosses

When durum females are attamable for crossmg, the Aegzlops are generally not
fully headed When the Aegllops are flowermg, the durum are generally m the
middle of gram fill-too late for crossmg So, synchronIzation of the species IS a
major problem Lack of growth-cabmet space IS a IImltmg factor Also, excess heat
m the field at flowermg often causes serIOUS damage to durum flowers, espeCially
to pollen, which reduces seed set when durum IS used as the pollinator

A tiller of durum harvested 2-3 days before flowermg can be kept m a test
contammg an 8% sucrose solutIOn (renewed every 2-3 days) As these test tubes
are a very compact form of storage, durum tillers can be prepared m numbers m
advance, and kept m a growth cabmet at 2-4 0 C, with lIght 2-16 hours per day to
mamtam some photosynthesIs These durum tillers Will remam receptive for as
long as two weeks at thiS temperature We experImented with thiS Idea for crosses
of T durum x Aegzlops and T durum x T monococcum made at ICARDA m the
spring of 1994

The pollen donors were harvested about one day before flowermg and also kept m
tubes contammg a sucrose solutIOn Crosses were done m the laboratory Anther
extrusion was stImulated by placmg the male spike about 10 cm away from a 60 W
Incandescent light bulb Pollmated females were then grown about 13-15 days at
160 C m a cabmet with 16 hours of light The sucrose percentage was decreased
from the mitIaI 8% to 6 and 5% for early and late gram fillIng, respectively The
success rate of thiS method was satisfactory, as about 1 spike out of 3 poIImated
gave embryos that could regenerate plantlets
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Hybrid Necrosis in Durum Interspecific Crosses

Some mterspeclfic crosses are erroneously consIdered to be easy For example, the
hIgh failure rate of gene transfer from T aestlvum to T durum IS a fact of life
Almost all of thIS problem can be ascnbed to necrosIs gene effects Most durum
hnes belong to the necrosIs group Ne] A very large group of sprmg bread wheats
are endowed With the necrosIs Ne2 allele Crosses of an Ne( to an N~ carner give
heterozygous Ne]Ne2 plants that always dIe before head10g because of the
complementary gene actIOn of the necrosIs genes Crosses of wheat to Aegllops or
rye can die for the same reason In fact, species that cross eaSily to bread wheat can
often be ImpossIble to cross to durum, and conversely, those that cross to durum
WIll fall With bread wheat CanadIan attempts to transfer BYDV and fusanum
resistance from bread wheat to T durum were therefore largely unsuccessful

Null alleles (Neo) have been found, mostly m bread wheat Null alleles are more
common m CIMMYT bread wheat, however, these CIMMYT bread wheats are not
good sources of BYDV resistance The search for bread wheat WIth null alleles IS
stili gomg on m Canada In the meantIme, It mIght be possible to use a rare source
of null necrosIs alleles for durum, whIch IS Vernal Emmer, as suggested by
Tsunewakl ThiS IS bemg tned at Agnculture and Agn-Food Canada

In the meantIme, ICARDA has a UnIque advantage m dealing WIth necrosIs genes
These genes do not express at hIgh temperature (30 ·C or above) Therefore,
necrosmg NelNe2 hybnds can grow and set F2 seed m June or July If planted late
(Apnl) m the fields near Aleppo AddItIOnal water may be needed Thls]s a UnIque
natural advantage of be10g at ICARDA, the same cannot be done In Canada
Perhaps thiS could be the baSIS for Jomt projects

Conclusion
In vitro technIques are be10g developed WIth dIfferent goals m mmd Accelerated
cultlvar productIOn IS bemg done through haplOId productIOn, which can come
from androgenesIs or from certam alIen crosses aIded by embryo rescue ExpanSIOn
of the bIOdiverSIty of the durum gene pool to Improve resIstance to diseases and
stresses IS another goal that can be served by embryo rescue technology These
methods need further research, and are promlsmg for the near future
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Wheat Improvement at IAV Hassan II, Morocco
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Abstract

Aegzlops spp were collected m Morocco and IdentIfied as mamly Aegliops ovata
and Ae trlUncla!ls, as well as some Ae ventrlcosa and A e trzarlstata These
Aegzlops spp, along wIth other collectIons, were screened for resIstance to HessIan
fly Some Ae ovata acceSSIOns were hIghly resIstant InterspecIfic crosses with Ae
ovata and Ae trzunczalls and also WIth Agropyron spp were performed The result
was genotypIc and sometImes even plant specIfic Hybnds and backcross progemes
were cytologiCally exammed Anther culture, already successfully used for bread
wheat and barley, and mtergenenc crosses wIth maIze, are bemg used to fix
karyotypes

Introduction

Wheat productIOn fluctuates greatly under the Moroccan envIronment BeSIdes
technIcal and clImatIc factors, thIs VarIatIOn IS largely due to bIOtIC stresses (EI
Bouhsml et al 1994) Sources of resIstance are 11mIted m currently cuItIvated
vanetIes, WhICh have narrow genetIc dIversIty The mcorporatlOn of disease
resIstance mto cultIvars remams a major objective of Morocco's natIOnal breedmg
program, many of whIch mtegrate allen specIes m theIr hybndlzatIOn activity WIld
wheat relatIves constItute a valuable genetIc pool for many agronomlcal traIts
(Sharma et al 1981) Program objectIves are (l) to search for sources of resIstance
to HessIan fly m Aegllops accessIOns collected m Morocco, and (2) to transfer
selected resIstance mto durum wheat cultIvars by mterspeclfic hybndization

Germplasm Collection

WIld wheat relatIves were collected m northern Morocco m July 1994 The aIm
was to enlarge the genetIc pool and search for resIstance and adaptatIOn to bIOtIC
and abIOtIC factors More than 30 sItes were vIsIted and 56 samples were gathered
Aegliops spp are wIdespread m the Atlas mountams and plams of Morocco, where
the clImate IS relatIvely humId Four dIfferent speCIes were collected (Table 1)
Aegllops ovata and Aegzlops trzunczalls were found at most sItes Aegllops
ventrlcosa and Aegzlops trzarlstata are uncommon and found only m specific
envIronments Other collectIOn mISSIOns are scheduled to cover the remammg
regIOns of Morocco
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Table 1. Moroccan Aegilops collection: screening results for Hessian fly
resistance.
Code Origin PR PS

Aegilops ovats
0003 Tlflet 00 60
0004a Meknes 95 71 4
0004b Meknes 850 100
0005 Meknes 607 00
0006 Fes 609 00
0007 Meknes 600 00
0009 Elhajeb 409 409
0011 Elhajeb 250 625
0013 Azrou 371 51 4
0017 Ifrane 457 486
0018 Sefrou 290 581
0022 OUjda 61 9 286
0023 OUjda 67 767
0024 OUjda 134 739
0025 Berkane 400 280
0026 Berkane 21 1 633
0027 Nador 778 56
0028 Nador 889 00
0029 Elhocelma 565 304
0031 Elhocelma 766 133
0033 Elhocelma 697 182
0035 Elhocelma 680 200
0037 Ketama 185 44
0039 Chefchaoune 646 88
0040 Chefchaoune 556 148
0042 Chefchaoune 11 1 852
0044 Chefchaoune 91 3 44
0046 Tetouan 730 90
0047 Tetouan 220 720
0048 Tetouan 1000 00
0049 Larache 700 300
0051 Larache 570 430

(contmued next page)
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(Table 1 continued)
Code Orrgln PR PS

0012
0020

0008
0010
0030
0032
0034
0036
0038
0041
0043
0045

Aegilops triuncialis
Elhajeb 00
Elhajeb 125

Elhocelma 0 0
Elhocelma 0 0
Elhocelma 0 0
Elhocelma 3 8

Ketama 00
Chefchaoune 0 0
Chefchaoune 0 0

Tetouan 37
Aegilops ventricosa

Azrou 400
Sefrou 800

Aegilops tflaristata
0050 Larache 18 0
0052 Ksar kblr 92 0

PR=Percentage of resistance, PS=Percentage of susceptibility

1000
875

1000
1000
1000
885
960

1000
1000
965

50
00

550
80

Screening for Resistance to Hessian Fly

WJld Aegzlops from ICARDA and Morocco are beIng evaluated for major diseases
found In the country, essentIally for resistance to wIdespread blotypes of Hessian
fly, whIch remams a hIgh priority (Tables 1, 2) The 56 Aegllops acceSSIOns
collected were screened under two envIronments, Jemaa ShaIm experimental
statIOn and greenhouse mfestatlOn Many resIstant accessIOns were Identified In
local Aegzlops (Table 2)

Table 2. Resistant accessions from the SEWANA collection.
Code Species Orrgln PR
400027 ovata Syna 50 0%
401155 cylmdnca Turkey 600%
401667 ovata Moroca:> 879%

PR=Percentage of resistance, PS=Percentage of susceptibility

PS
0%
0%
0%

The dIstrIbutIOn of resIstance sources depends on the frequency of Insect
occurrence The Meknes, Fes, Nador, Chefchaoune, and Tetouan regIons had the
hIghest rates of resIstance (Table I) Differences between species were slgmficant
Aegzlops trlunclahs acceSSIOns were the most susceptIble to Hessian fly attack,
whIle many Aegzlops ovata acceSSIOns were totally unInJured, wIth a 100%
resIstance rate
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Interspecific Cross and Embryo Rescue

Gene transfer from Aegllops spp to durum IS qUite labonous Cultivated durum
wheat (AABB) has no common genome with Aegllops spp However, bread wheat
shares the D genome with some Aegzlops spp , and gene mtrogresslOn from A e
squarosa 1Oto bread wheat IS qUite feasible HybndlzatlOn of durum vanetles and
Aegzlops spp IS restncted by the 1Ocompatlblhty barner, and reqUires 1Otergenomlc
translocatIOn for ahen DNA mcorporatlon

Durum wheat cultlvars were crossed to resistant accessions of Ae ovata and Ae
trluncw!zs Immature embryos were rescued at 14 days on an appropnate medIUm
(Sharma and Baenziger 1986) Hybnds at the 2-3 leaf stage were transferred to a
plantlet regeneratIOn medIUm to mcrease tiller number When young tillers were
vigorous, they were treated With colchlcme to double their chromosome number

The success of the cross depended on the genotype of the wild parent (Table 3)
ThiS result IS Similar to those reported by Sharma and Baenziger (1986) and
Sharma and Ohm (1990) Crosses With Ae ovata produced seed and regenerated
hybnds at a rate of 3 88% and 1 66%, respectIVely Aegzlops trluncwlzs crosses
produced no hybnd, although a maternal effect for the crossablhty was noticed
Seed set was slgmficantly higher 10 reciprocal (6 25%) than direct (3 88%) crosses
However, plants regenerated from direct crosses more often had a normal
morphology and a better survIVal rate after transferal to soil

Table 3. Interspecific crosses (Triticum dunun x Aegilops spp.).
FP MP NF NS NP
Ae durum ovata 640 3 88% 1 66%
Ae Dvata durum 80 6 25% 250%
Ae durum tnunaalls 252 0 39% 000%
Ae tnunaalJs durum 68 000% 000%

FM=Female parent, NF=Number of flowers, MP=Male parent, NS=Number of seeds,
NP=Number of plants

Chromosomic Analysis of Interspecific Hybrids

Chromosome number of hybnds and backcrosses was Identified accord1Og to the
procedure descnbed by Sharma and Gill (1983) Root tipS were collected from 1-2
day old seedhngs, fixed, hydrolyzed, and stamed With Feulgen solutIOn

BC I plants from a T aestlvum x A elongatum cross had between 42 and 65
chromosomes, of which 6-7 came from the elongatum parent (Table 4)
Chromosome ehmmatlOn was Significant between BC2 and BC3 m the T aestlvum
x Ae mtermedlum cross, while chromosome number m hybnds With A e
trlchophorum remamed the same m BC2 and BC3 Agropyron trlchophorum
chromosomes appear to be stable 10 T aestlvum cytoplasm ThiS stablhty may be
explamed by a gametocldal effect, which can mamtain a whole ahen genome
(Kirbmge and Knott 1983) Agropyron mtermedlum IS able to suppress ph gene

216



activity and promote chromosome pairIng between homeologous chromosomes
(Sharma and Gill 1983)

Table 4. Chromosome analysis of BC progenies (Triticum aestivum x
Agropyron sppl.
Female Male BC NP
T aest/vum A elongctum BC1 35
T aest/vum A mtermedlUm BC2 23
T aest/vum A tflchophoru BC2 30
T aest/vum A mtermecilum BC3 90
T aest/vum A tflchephoru BC3 141

NCh
4840
4567
4660
4352
4765

CV
009
008
009
003
010

Range
42-65
42-56
38-56
42-56
38-58

BC=Number of backcross, NP=Number of plants, Nch=Number of chromosomes
(average), CV=Coefflclent of variation

Tntlcum durum x Aegllops spp crosses were performed under field condition at
ICARDA, Syna F I hybnd plants from this program were analyzed III our
laboratory Chromosome numbers vaned from 28 to 65 and were mfluenced by the
plOIdy level of both parents (Table 5) Hybnds of Hauram and Omruf 1 fixed 22
and 18 chromosomes, respectively, when crossed to Aegllops VQVlloVll The
sIgmficant InteractIOn between the two parents IS probably under genetic control
The occurrence of a hIgh percentage of unreduced gametes could explaIn the large
number of alIen chromosomes that remaIned and/or the mhlbitton of umvalent
chromosome elImInation m the hybnds

Table 5. Chromosome analysis ofF] (niticum durum x Aegilopsspp.).
Female (T durum cultlvar) Male NP NCe NCh CV
Omsnlma Ae squarosa 8 132 2914 088
Lahn Ae umbulitlata 2 13 3146 254
Omsnlma Ae umbulitlata 2 98 28 82 a 45
Brachoua Ae kotch!tf 2 128 28 80 0 43
Hauranl Ae kotch!tf 2 16 3842 1 96
Lahn Ae kotch!tf 5 135 2965 1 16
Brachoua Ae kotch!tf 4 59 30 91 1 13
Geruma1 Ae syflawm 5 91 28 07 a 99
Hauranl Ae vavliovlI 2 41 5021 5 11
Lahn Ae vavliovlI 2 20 2975 1 00
Omruf1 Ae vav/lovlI 2 20 4652 460
Geruma1 Ae vavliovlI 2 27 2886 047

NP=Number of plants, Nce=Number of cells, Nch=Number of chromosomes (average),
CV=Coeffeclent of variation

F I plants showed a large morphological diverSity m terms of Size, tl1lermg, and leaf
charactenstIcs They also showed Viability and fertilIty differences The mstabllIty
of the chromosome number In the early generatIOns leads to embryo malformatIOn,
hybnd mortalIty, and low fertilIty
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Anther Culture

Once ahen chromosomal segments are transferred Into a durum cultlvar, they
reqUIre stablhzatIon to allow undIsturbed chromosome paIrIng ConventIOnal
selfing methods are tIme consumIng and nsk the loss of ahen chromosome
segments by elImInatIOn DlplohaplOldlzatlOn by anther culture and subsequent
chromosome doublIng through oolchlcIne treatment may solve thIs problem by
hastenIng homozygosIty SInce 1988, we have been able to regenerate bread wheat
and barley haplOId plants by USIng anther culture However, It IS very dIfficult to
mduce androgenesIs m durum wheat Currently, we are screemng for cultlvars wIth
androgenetlc response, and testmg mtergenenc hybrIdIzatIOn WIth maIze to produce
durum haplOIds

Anther culture of T aesllvum x Agropyron backcrosses BC 1, BC2, and BC3 was
performed (Table 6) At the pollen unmucleate stage, anthers were plated on a
modIfied MS medIUm (Foroughl-Wehr 1976) Anther response averaged a low
mductlOn rate of 3% However, a slgmficant varIatIOn was notIced among famIlIes
and mdlvlduals from the same backcross Response to anther culture was very low
m BCl (022%) BC3 plants presented the hIghest mductlOn rate (34--4%), and
some mdlvlduals even reached 25% The Increased androgenetlc response m BC3
could be explaIned by better chromosome stablhty and therefore hIgher pollen
ViabIlity

Table 6. Anther culture response of BC progenies (Triticum aestivum x
Agropyron spPJ.

BC NA PI CV NP
A elongctum BC1 472 0 2% 3 13 0 00%
A mtermedlum BC2 466 1 3% 1 80 0 00%
A tnchophoru BC2 636 1 2% 2 07 0 00%
A mtermedlUm BC3 2,,312 34% 1 80 008%
A tnchophoru BC3 4002 4 0% 1 23 0 12%
Total 7,888 30% 1 43 0089%

BC=Backcross generatIon, NA=Number of anthers, PI=Percentage of calli Induction,
CV=Coefflclent of Variation, NP=Number of plants

Acknowledgments

ThIS research was supported m part by PSTC Project Grant HRN 5600 G 00 3032
oand by a grant of the UNDP/French Government BIOtechnology ProJect, RAB87
The support of the followmg SCIentIsts wlthm m the project IS acknowledged Dr
M EI BouhsSInI, INRA Settat, Morocco, Dr M M Nachlt, Durum Program,
ICARDA, SyrIa, Dr H Sharma, Dept Agronomy, Purdue Umverslty, USA, and
Ms M Zahaneva, ENSAT-INRA, Montpelher, France

218



References

El BouhsslnI, M, S LhaloUl and J Hatchett 1994 Lutte GenetIque contre les
lnsectes des cereales dans les regIOns andes et semI-andes du Maroc AqUlS et
PerspectIves des la Recherche AgronomIque au Maroc, 24-27

Forouglu.-Wehr, B 1976 CytologIcal status of plants of Hordeum vulgare L
regenerated from mIcrospore callus Z Pflanzenzuchtg 80 89-99

KIbmge-Sebunya, I and D R. Knott 1983 Transfer of stem rust reSIstance to wheat
from an Agropyron chromosome haVIng a gametocIdal effect Can J Genet
Cyto.25 21-221.

Sharma, H.C and H W Ohm. 1990 CrossabIlIty and embryo rescue enhancement
m WIde crosses between wheat and Agropyron specIes EuphytIca 49 209
214.

Sharma, H.C. and P S BaenzIger 1986 ProductIon, morphology, and cytogenetIc
analySIS of Elymus anmus (Agropyron cannum) x TntIcum aestIvum Fj

hybnds and backcross denvatIves Theor Appl Genet 71 750-756
Sharma, H C and B S GIll 1983 Current status of WIde hybndIzatIOn m wheat

Euphynca 32. 17-31
Sharma, H C, J G. Wames and KW Foster 1981 VanabIlIty m pnmltlve and WIld

wheats for useful genetIcs characters Crop SCI 21 555-559

219



Double Haploid Line Production in Durum
Wheat using Anther Culture
H. Slim Amara\ A. Daaloul1 and P. Lepoivre2

1'nstltut National Agronomlque de TUnisle, TUnis, TUnisia
2Faculte des SCiences Agronomlques, Gembloux, BelgIUm

Abstract

SIxteen durum wheat and four bread wheat genotypes were studIed for theIr
androgenetlc capacIty The percentage of calh/embryold mductlOn vaned from 0 41
to 4 60%, wIth an average of 1 6%, for Protocol A, and from 020 to 5 80%, wIth
an average of 1 40%, for Protocol B The local durum genotypes Jenah Khotlfa
AP4 and AZIZI AP9 had the hIghest percentages of mduced embryOlds under both
protocols 460-360% for Protocol A and 5 20-5 80% for Protocol B The absolute
hIghest regeneratton of callt was obtamed for Jenah Khotlfa From four genotypes,
green plants were regenerated AZIZI, Bldl (Tntlcum turgldum subsp durum),
Sabine, and Florence Aurore (T aestlvum subsp aestlvum) A hIgh vanatlon for
green plant regeneratIOn was observed between the two protocols ColchIcine,
added dIrectly to the Inductton medIa, was effectIve In dIrectly producmg doubled
haplOIds InterspecIfic crosses wIth Zea mays are currently bemg Investtgated In

our laboratory as an alternatIve to doubled haploId productIon m Tntlcum durum

Introduction

HaplOId plants, as a dIrect product of meIOSIS, are obtained by In vitro culture of
male (androgenesIs) or female (gynogenesIs) gametophytes The return to the
dIplOId state, or haplodlploldlzatlOn, consIsts of spontaneous or mduced
chromosome doublmg, whIch obtainS homozygous lines In whIch all the traIts are
fixed m a single operatIOn and In the absence of any allelic mteractlon ThIS
process allows consIderably slmpltfied genetIc analysIs (Snape and SImpson 1981,
Snape 1989)

The convement use of thIS process IS dependent on success In obtaining haplOIds
through anther culture or though mtergenenc hybndlzatlOn between agropyron x
wheat (LI and Dong 1991), tnttcale x wheat (Wang et al 1993), and maIze x wheat
(O'Donoughue and Bennett 1994) Therefore, haplodlploldlzatlOn constItutes a
useful tool, partIcularly m a breedmg program The techmque IS also useful In

combinatIon wIth the use of mutagenesIs and dIrect gene transfer Thus, research
efforts In thIS field are well JustIfied In addItIon, the study of hentablllty of
androgenetlc traIts IS very Important to the successful use of regeneratIOn process
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Materials and Methods

Plant Material

Sixteen durum wheat and four bread wheat genotypes (Table I) were studIed for
theIr androgenetlc capacIty

Table 1. :USt of genotypes used.
Code
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

Genotype/ploidy
AzIZI AC2
AzIZI AP9

Jenah Khotlfa AP4
Hedhba

Mahmoudl
Kanm

BrdlAP9
D76-53-3b

Tanlt
Florence Aurore (6x)

Byrsa
Khlar (BD 23-35)

Hybrlde2
Blanculhda ICM 27

Taganrock AC1
Sabine (6x)

Omrabl
Cham 1

Oued Zenatl
Ardente

Origin
TUnisia
TUnisIa
TUnisia
TUnisia
Tunisia
Tunisia
TUnisia
Tunisia
TUnisia
TUnisia
TUnisia
TUnisia
TUnisia
TUnisia
TUnisia

FSA Gembloux
ICARDA
ICARDA
Algeria

ENSNINRA Montpellier

Methodology

Experimental design

A completely random design with one factor, the genotype, was used The
expenmental plot was composed of five hnes of two meters each, mterspaced at 18
cm

Planting

The genotypes were planted m a covered plastIc house at four dIfferent seedmg
dates, m order to spread out the tIme of spike collectIOn for anther culture (8
28/11/1993, 13/12/1993, and 3/01/1994)
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Spike collection

Morphological test. Spikes with flexible and yellowish rachIs were selected for
anther culture ThIS rachIs aspect corresponds to the dIstance between the top of the
ear to the first mternode, WhICh IS equal to two thirds of the dIstance to the base of
the flag leaf

Cytological test. Only spIkes with pollen m the unmuclear stage were kept and
used for the anther culture procedure

Colchicine treattnent

Colchlcme IS the most frequently used chromosome doublmg agent It stops
mItosIS at metaphase by deactivatIOn of the spmdle mechanIsm (Jensen 1974) In
general, the treatment IS carned out on whole plants by soakmg the crown for 72
hours maO 04% colchlcme solutIOn (Henry and de Buyser 1980) In the present
study, the 0 04% colchlcme concentratIon was added dIrectly to the mductIOn
media (Barnabas et al 1991

Table 2. Induction medium 12.
Composition
KN03

CaC1 2 3H20
MgS04.7H20
KH2P04

NH4N03

FeS04.7H20
Na2EDTA
MnS04.4H20
AgN03

ZnS04.7H20
H3B03

K1
Na2Mo4.2HP
CuS04.5H20
Glutamine
Caselne hydrollsat
Myo-Inosltol
Ascorbme aClde
Blotlne
Nlcotm aClde
Pyridoxine HCL
Saccharose
Agarose

pH=58

222

Quantity (mg/L)
1900
440
370
170
165
279
373
223
10
86
62
083
025
0025

750
250
100

04
04
04
04

855
6



Testing protocols
Anther culture was perfonned according to two different protocols, described m
FIgure 1

Protocol A: I2IRWIRHIZ.IMP. ThIs protocol was obtamed from ICARDA's
Cereal BIotechnology Laboratory The anthers are placed on inductIOn medIUm 12
(Lashennes et al 1991) (Table 2) The embryolds fonned on the polltmc stalls of
the anthers are transferred to regeneratIOn medIUm RW (Table 4) ThIS phase IS
followed by a transfer to a rooting medIUm for root InItIatIOn (Table 6), and a
transfer to the plant regeneratIon medIUm MP (Table 7)

Table 3. Induction medium Zl,5.
Composition
KNOs
(NH4}2 S04
MgS047H20
KH2P04

Ca(NOsb 4H20
KCI
F2S047H20
Na2EDTA
Potato extract
Saccharose 9%
Glutamine
Thlramme HCI
2,4-D
Kmetme
Agraose

pH=58

Table 4. Regeneration medium RW.
Composition
Distilled water
Macro-elements
Micro-elements
AgNOs
Casein hyd rollsat
Vitamins
AJA
Glucose
Agarose

pH=58

223

Quantity (mg/L)
1000

100
125
200
100
35
278
373

400 mL
450mL
200

1
1 5
05
50

Quantity (mg/L)
800mL
100 mL
10 mL
5mL

500mg
10 mL
10 mL
18 9
6g



Table 5. Regeneration medium RS.
Composition
KH 2P04

KN03

NH4N03

Ca(N03)2 4H20
KCL
MnS04 4H20
ZnS04 7H20
H3B03

KI
Na2EDTA
FeS04 7H20
Nlcotln aCid
Pyndoxlne HCL
Thiamine HCL
InosItol
Glycln
Saccharose
AlA
Agar
Gelnte

pH=58

Quantity (mg/L)
300

1000
1000

71 5
650
49
27
1 6
075

370
278

5
5
1

100
2

20
1
3
3

Protocol B: Zl,S/R8IRHIZ/MP. This protocol was obtaIned from FSA
Gembloux, the BelgIUm Phytopathology Laboratory

The medIUm Z 1,5 (Pm 1991) IS used for the embryoId mductlOn phase (Table 3),
while the medIUm R8 IS used for the regeneratIOn (Table 5) The development and
the dIfferentIatIOn of a root system IS obtamed on a rootmg medIUm (Table 6)
Developmg plants are transferred to a regeneratIOn medIUm MP (Table 7)

Parameters measured
Percentage of induced embryoids ThIS was calculated as mduced embryOlds per
100 cultured anthers

Percentage of regenerated calli ThiS was calculated as regenerated calli per 100
mduced embryOlds

Percentage of regenerated plants. ThiS was calculated as regenerated plants per
100 callI
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Protocol A
Harvest of spikes

Morpho-cytological tests
Cold pretreatment 2 days at 40 C

Stenllzatlon of spikes
Plating on 12 Induction medium

Incubation In the dark
Transfer of embryos on RW

regeneration medium
Incubation In green house

Transfer on rooting medium
Transfer to MP plant regeneration

medium
Transfer of plants to sOil

Determine of chromosome number
Chromosome doubling (In case of
haploidy) by colchicine treatment

Acclimatization

Protocol B
Harvest of spikes

Morpho-cytological tests
Cold pretreatment 2-3 days at 50 C

Sterilization of spikes
Plating on Z1,5 Induction medium

Incubation In the dark
Transfer of embryos on R8

regeneration medium
Incubation In green house

Transfer on rooting medium
Transfer to plant regeneration medium

Transfer of plants to SOil
Determine chromosome number

Chromosome doubling (In case of
haplOidy) by colchicine treatment

Acclimatization
Figure 1. Schemes of in vitro anther culture.

Table 6. Rhizogenesis medium..
Composition
Macro MS
Micro MS
Fe EDTAMS
Myo-mosltol
Saccharose
Nlcotln AClde
Pynodoxm HCL
Thiamine HCL
Glycine
ALA
Klnetlne

pH=58

Table 7. Regeneration medium. MP.
Composition
Distilled water
Macro elements
Micro elements
Vitamins
Fe EDTA
Saccharose 2%
Agar

pH=58
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Quantity mg/L
50 mL
5mL
5mL

100 mg
30g
05mg
05mg
01
2mg
5mg
01 mg

Quantity mg/L
870
100
10
10
10
20g
7g



Results

Percentage of Induced Embryoids

The percentage of mductlon vaned from 0 41 to 4 60%, with an average of 1 6%,
for Protocol A (Table 8, Fig 2), and from 020 to 5 80%, with an average of
1 40%, for Protocol B (Table 9, Fig 4) The local durum genotypes Jenah Khotlfa
AP4 and AZlzl AP9 had the highest percentage of mduced embryoIds under both
protocols 460-360% for Protocol A and 5 20-5 80% for Protocol B However,
for the other genotypes, wide genetic vanability was observed
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Figure 2. Percentage of enhanced embryoids and regenerated green plants
(Protocol A).

226



100

90

1---80

I-- f-70

I-60

50

I--40

30 l- I--

I-- I--20

I-- I-10

-- lo-0
I 2 3 4 ~ 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20

Genotype

Figure 3. Percentage of regenerated calli (Protocol A).

1200-

1000 f--
~ I[] ·"'"0"" emh",,,]", I,

E:I C{ n.gl.nl..rdlu!gn..l.npl.1Jll\

1
8 ~

~,
~

:!
6 J

,-,

400 f-- - ,
,

· ,
200. f- f - f--· r

1
;

~
,

t'I0=
· ..... .....

I 2 3 7 8 10 II n 14 15 16 17 18 19 20
Gennlype

Figure 4. Percentage of induced embryoids and regenerated green plants
(Protocol B).

227



III III

I-- lJ.
I-

~)- fill

f-- ~

III •0- -
I-- I--()

I-- I--()

.... .... ..... ..... "-' "-'0 . .
2 7 R 10 11 13 14 15 16 17 1R 19 20

Genolype

2

40

60

70

RO

90

100

50

Figure 5. Percentage of regenerated calli (Protocol B).

Percentage of Regenerated Calli

Genotypes Jenah Khotlfa AP4 and AZlzl AP9, as well as Taganrock, Sabine, and
Bldl AP9, showed the highest percentage of regenerated calli for Protocol A The
absolute highest regeneration of calli was obtamed for Jenah Khotlfa (Table 8, Fig
3) As for protocol B, Taganrock, Jenah Khotlfa, and AZIZI had the best
regeneration percentages (Table 9, Fig 5) The percentage of regenerated calli
vaned from 25 to 89%, with an average of 385%, for Protocol A, and from 30 to
100%, with an average of23 8%, for Protocol B For both protocols, two genotypes
(Azlzi and Jenah Khotlfa) were distingUIshed by a high rate of inductIOn and of
regeneration These results confirm those found by Daaloul et al 1993

Percentage of Plant Regeneration

Four genotypes produced green plants AZlZI, Bldl (T durum) , Sabine, and
Florence Aurore (T aestlvum) A high vanatlon for green plant regeneration was
observed between the two protocols, with the exception of AZIZI AP9, which
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demonstrated a certam stabIlIty 20 and 25 green plants for protocols A and S,
respectively (Tables 8 and 9, FIgs 2 and 4)

Table 8: In vitro anther culture: Protocol A (!21RW/Rhiz./MP).
Genotype Percentage Induced

embryos
1 1 50
2 360
3 480
4 041
5 1 50
6 1 90
7 066
8 130
9 055
10 055
11 083
12 1 60
13 1 60
14 1 30
15 310
16 210
17 1 60
18 083
19 200
20 055

Percentage
regenerated calli

50
61
89
o

45
55
70
25
25

100
o

25
33
28
78
76
33
33
35
o

Percentage regenerated
green plants

o
555
o
o
o
o
1 20
o
o
o
o
o
o
o
o
517
o
o
o
o

Table 9: In vitro anther culture: Protocol B (Zl.5/R8!Rhiz.!MP).
Genotype Percentage Induced Percentage Percentage regenerated

embryos regenerated calli green plants
1 250 33 0
2 580 71 1042
3 520 63 0
7 O~ 0 0
8 O~ 0 0
10 1 60 100 5 00
11 020 0 0
13 330 0 0
14 016 0 0
15 018 100 0
16 200 30 0
17 1 60 50 0
18 1 20 0 0
19 270 30 0
20 041 0 0
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Colchicine Treatment

The colchIcIne treatment of haplOid plants IS rather sensItive and can cause hIgh
mortalIty due to the tOXIC effect of the agent The developmental stage of the
exposed plants may also play an Important role In the effectiveness of the
treatment It has been reported that anthers cultured In the presence of colchIcIne
produce a slgntficantly hIgher percentage of embryos than callI (Barnabas et al
1991) In our expenments, the effect of colchICIne, added dIrectly to the InductIOn
medIa, dId not negatIvely affect the anther response or the green plant regeneratIon
capacIty

Conclusions

Protocol A seems to be more selective and better than protocol B for the InductIOn
of embryOlds, the productIOn of regenerable callI, and the regeneration of green
plants The use of protocol A allowed the regeneratIon of 69 plants, whIle only 37
were regenerated WIth protocol B

It IS Important to note that we have rarely observed the phenomenon of albInIsm
WIth anther culture III durum (2- 3%)

Chromosome doublIng produced by colchiCIne added directly to the InductIOn
medIa was effectIve In our expenments However, at thIS time, It IS not known at
whIch stage of En VItro culturIng chromosome doublIng occurs It IS also not clear
whether spontaneously doubled genomes dIffer from chemIcally doubled genomes
In degree of genetIc stabIlIty Therefore, effective methods to produce true
homozygotes WIth hIgh doublIng rates, low nsk of damage, and easy applIcabIlIty
should be developed

I",tml tests are currently beIng conducted m our laboratory on the effectIveness of
mtergenenc hybndizatIOn between Zea mays x TrztIcum durum (Comeau et al
1988, Dusautolr, StatIOn d' AmelIoratIOn des plantes de Meiguell/INRA
MontpellIer) for doubled haplOid productIon m durum The embryo rescue
techmque bemg used IS descnbed by Ushlyama et al (1991)

For the study of hentabIllty of androgenetic parameters, we developed a half
dIaliele With 6 parents The F1 populatIOn, DH lInes, and F 2 populatIon WIll be
charactenzed WIth agro-physlOlogical and molecular markers
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Abstract

Three mam haploldlzatlOn techmques are dIscussed anther culture, mlcrospore
culture, and mduced gynogenesIs wIth foreIgn pollen Anther culture has recently
shown some promIse It IS now almost as efficIent as bread wheat anther culture 10

regards to the number of haploId callI or embryos However, the vast maJonty of
plants produced were albmo, rendenng that techmque useless Mlcrospore culture
techmques have not been frUItful so far, whIch may be a lack of research rather
than a lack of success The development of such a techmque 10 durum wheat would
be useful for better control of androgeneSIs and to solve the alb10lsm problem
Induced gynogenesIs IS the only techmque currently able to produce green doubled
haplOId plants 10 workable numbers The techmque can stIll be Improved by
focus1Og efforts on a more general techmque, less dependence on the genotype,
overall effICIency 10 haploId embryo production, and effICIency 10 embryo
germmatlOn

Anther Culture

Techntques of haploId and doubled haploId plant productIOn are powerful tools,
WIdely used 10 pure-hne development of cereals (de Buyser et al 1987) and 10

genetIc analysIs (Snape and Simpson 1981) In cereals, anther culture IS by far the
preferred haplodlplOldlzatlOn techmque (Dunwell 1985), even If haploId bread
wheat plants can be obtamed usmg ovule and embryo sac culture (Zhu and LIU
1981, Yang and Zhou 1982) or mtergenenc crosses wIth foreIgn pollen (Laune and
Bennett 1988) These latter methods are not very effiCIent In spIte of Important
genotypIc vanablhty observed for a maJonty of specIes (Fadel and Wenzel 1990)
and relatively low efficIency-between 5 and 100 haploId structures per 100 plated
anthers (Huang 1987)-bread wheat anther culture IS now routmely produc1Og
10bred hnes, whIch are be10g mcorporated mto breedmg programs (PIcard et al
1990, VeIlleux 1994)

Durum wheat anther culture, however, has so far proven more recalcItrant (Sharma
et al 1982), as It IS for other bIotechnologIcal applIcatIOns 10 general Fewer
structures are produced, wIth only some genotypes Further, most If not all
regenerated plants (>95%) are albmo (Zhu et al 1980, Hadwlger and Heberle-Bors
1986), although one report claImed 3<Jl/o green plants (Daaloul et al 1992)
Mlhamou-Zlyyat (1992) found that few durum wheat cultlvars well-adapted to
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Induction, Initiation, and Development

Anthers of durum wheat, cv Ardente, obtamed by Semences de Provence,
Beaucaire, France, which grows well m the fields of southern France, were
collected when mlcrospores were at the late unInucieated stage and plated onto PH
medIUm With potato extract (XIng Zhl and Han 1984) Mlcrospore development m
anthers was not synchronous at collectIOn (when spike tops, Without awns, reach 2
cm over the penultimate leaf Itgule) In most of the anthers, all developmental
stages-from early unmucleated to mid or late bmucleated-were found A cold
pre-treatment has not proven useful However, spikes can be left for up to 14 days
at 4° C Without damage Mlcrospore development has been observed dunng culture
after acetocarmme squash of the anthers (Fig 1) The mean Viable mlcrospore
number after 21 days was 59 8 per anther, and the number of mlcrospore diVISions
was about 13 per anther, representmg 0 28% of the total mlcrospores An average
of 41 3 mlcrospore-denved structures per 100 anthers were transferred on
regeneration medIUm (R9 Picard and de Buyser 1973) after 42 days, and more than
95% of regenerated plants were albInO

Figure 1. Squash in arcetocarmine of durum wheat anther after 15 days in
culture. I) General view showing dividing microspores. II) Detail of one
microspore-derived microcolony.
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Figure 2. Germination of maize pollen and growth of pollen tubes through
durum wheat silks and styles to the ovule. Fluorescent observation after
staining with alinine blue.
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Figure 3. Visualization of a putative "haploid" embryo with suspensor after
fertillzation with maize pollen. Observation in phase contrast microscope after
owle clearing with Herr solution.

Ethylene and Polyamine Implication on Androgenetic Response

Several problems are encountered durmg durum wheat anther culture Amongst
them are an InsuffiCIent number of mlcrospores able to dIVIde and develop mto
structures (embryos or callI)
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Because It IS known that ethylene and polyammes are mvolved m many In vitro
physIOlogIcal processes (see Adkms 1992 for a revIew), these two famlhes of
growth regulators, as well as then metabohc pathways, were followed durmg
culture Effectors of these metabohsms were added to the culture medIUm TheIr
effects have been confirmed or mferred by endogenous quanttficatlon of ACC, M
ACC, ethylene, and polyamme, and their physIOlogIcal responses recorded The
mfluence of one metabohsm has also been tested on the other (see Sevemer 1995,
and Sevemer et al 1995 for detaIled results)

The mam conclusIOns of these mvestlgatlons are

• Ethylene and polyamme are Imphcated 10 the mlcrospore response

• The results were different for the two different phases of development studIed
when mlcrospore diVIsIons are enhanced, the number of structures decreases,
and vice versa That means that the reqUirements wIth regard to ethylene and
polyamme are opposIte for the mlcrospore mductlOn-mlttatlOn phase and for
structure development

• Ethylene mcreases mlcrospore diVIsion, while It IS negative for structure
development

• A high putrescme/(spermldme+spermme) ratio IS favorable for structure
development and decreases the number of mlcrospore divIsIOns

In the best conditIons, more then 100 structures could be obtamed per 100 anthers

Albinism

Most of the regenerated plants were albmo and no medIUm Improvements of the
anther culture have so far decreased thiS problem Nothmg IS known about the
causes of albmlsm By usmg wheat-specIfic chloroplasttc DNA probes we have
recently shown that albmlsm 10 durum wheat IS accompamed by deletIOns 10 the
chloroplastlc genome (unpubhshed results), as already demonstrated for nce and
bread wheat (Day and ElliS 1984) The next subject to be mvesttgated WIll be the
time when these deletIOns occur

Perspectives

The techmque of durum wheat anther culture needs to be Improved because
effiCiency IS stilI too low, and genotypic problems have not been solved Knowmg
how endogenous ethylene and polyamme productton can modulate the
phySIOlogIcal response of microspores, It should be pOSSible to opttmlze each of the
steps The anthers must be transferred between the mductton-mitiatton phase
(charactenzed by diVIsIon potential) and the growth phase (charactenzed by the
number of structures that can, later on, develop on the regeneratIOn medIUm)
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However, anther culture can be considered an efficient technique for the productIOn
of doubled haplOId lines If, and only If, the bottleneck of albinism can be solved
Shm-Amara (this proceedings) and Daaloul et al (1992) studied anther culture of
TUnisian genotypes and landraces While the overall response was relatively low (a
maximum of 5 8 structures per 100 anthers and 0 43 regenerated plants for the best
genotype, AZIZI A P 9), most of the plants were green Lines wIth posItive
androgemc reactIOn (green plants) could be classIcally mtroduced m useful
germplasm and used as starting matenal A companson of protocols may Improve
the final number of chlorophylhan doubled haplOIds that can be obtaIned With
anther culture

USIng speCific chlorophylhan DNA probes, we can also focus on learnmg when
and how albinism IS InstIgated We can decide whether It occurs naturally dunng
mlcrosporogenesls as a result of the quasl-stnct maternal cytoplasmIc fertIlity, or
whether It IS caused by the shock receIved durmg culture, or at microcallus or
proembryo stage

Isolated Microspore Culture

The best Isolated mlcrospore-culture systems have been developed on tobacco
(Kyo and Harada 1985) and rapeseed (Swanson et al 1988) Isolated mlcrospore
culture has also shown some success In cereals such as bread wheat (MeJza et al
1993, Picard et al 1993), nce (Ogawa et al 1992) and maIze (Coumans et al
1989) The potentIal of shed microspores to yIeld haplOId calli and embryos has
also been demonstrated With bread wheat (Datta and Wenzel 1987) No assay has
been so far reported for durum wheat

Perspectives

Expertise on corn (Coumans et al 1989) and, more recently, bread wheat (PIcard et
al 1990, 1993) mlcrospore culture sheds hght on the use of the same techmque on
durum wheat With Isolated mlcrospore culture and the pOSSlblhty of performing
non-destructive observatIOns, It should be easier to control the progress of
androgenesIs and to determine conditIons that Will decrease albinism and Improve
overall effiCiency If the techmque can be made Viable for durum wheat, haplOId
mlcrospore Will be the best techmque to use for In VItro selectIOn (haplOId Single
cells carrying the gametoclonal vanabllIty) or genetIC transformatIOn, as developed
on rapeseed (Swanson et al 1988, Neuhaus et al 1987)

Induced Gynogenesis
An alternative way to produce haplOid plants relies on interspecific or mtergenenc
crosses Gynogenesis Induced by foreIgn pollen was first used In cereals for the
productIOn of haplOid barley plants With Hordeum bulbosum pollen (Kasha and
Kao 1970) ThiS technIque has SInce been adapted to bread wheat, but necessitates
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the absence of some Kr alleles (Koba et al 1991, Sitch and Snape 1987) WIth
crosses USIng bread wheat as the female parent and maIze as the pollen parent,
rapId elImInatIon ofthe male genome under controlled condItIOns was observed by
LaurIe and Bennett (1988), allowIng the development of haplOId embryos USIng
crosses between durum wheat and maIze, fertIlIzatIon potentIal was also assessed
(O'Donoughue and Bennett 1988) and green plants recovered (Coumans et al
1992, AmranI et al 1993)

Background

EmasculatIon and pOllInatIOn were carned out accordIng to LaurIe and Bennett
(1986) To faCIlItate the castratIOn process, spIkelets of the basal thIrd of the spIke,
as well as each central flower of the remaInIng spIkelets, were removed about three
days before anthesls The apIcal thIrd of the spIke was cut out The remaInIng
flowers were emasculated after cuttIng out the apIcal part of the lemmas and paleas
After emasculatIOn, spIkes were protected by a lIght paper bag In order to ma10taIn
suffiCIent mOIsture (Suenaga and NakajIma 1989) The flowers were pollmated
about three days later ImmedIately after the pOllInatIOn, the culms were placed In a
growth chamber In a nutnent solutIOn under contInUOUS lIght at 25° C

ObservatIOns of the pollen tubes showed that, whatever the wheat or Zea genotype,
com pollen germInated and entered the SIlk In less than 30 mInutes 10 all observed
pollInated flowers (FIg 2) The first pollen tubes reached the style after two hours
and the ovule after four hours In wheat genotypes WIth good fruIt settIng, such as
Acalou and Mondur, pollen tubes were VIsible at the ovule level In all pollmated
flowers However, the anIlIne blue technIque does not allow a clear vIew of the
fertIlizatIOn event ThiS techmque has been proposed for durum wheat
(O'Donoughue and Bennett 1994)

Ten days after pollInatIOn, well-developed proembryos were eaSIly recovered All
plants regenerated were chlorophyliian and haplOId, as confirmed by flow
cytometnc analySIS

Genotypic Analysis

Eleven durum wheat genotypes were crossed WIth four Zea mays and one Z
meXlcana genotypes A genotypIc effect was observed between durum wheat
genotypes when all the pollen donors were combIned (Table 1)

Lloyd, Ardente, and Primadur were SIgnificantly hIgher than the mean for the
number of frUIt-lIke structures, WIth more than 65% for Lloyd For the number of
developed embryos per hundred frUIts, the best genotypes were Vlllemur, Anstan,
and Pnmadur, whIle no embryos could be recovered for Lloyd
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Table 1. Pollinated flowers, fruit-like structures, and embryo number for fertile
spikes.
Durum
wheat
genotypes
Acalou
Ambral
Arcour
Ardente
Anstm
Armet
Uoyd
Mondur
Neodur
Pnmadur
Villemur
Mean

No of
flowers on

fertile spikes
409
577
103
195
209
390
458
789
151
1,385

No of
frUit-like

structures
194
306
56
122
90
146
302
392
73
814
279

Percentage
of frUit-like
structurest

4740

530
544
62600

431 00

37400

65300

4970

483
58800

527
534

No of
embryos

15
22
1
17
18
8
o
32
o
124
57

Embryos I
100 frults*

77
72
1 80

139
200**
55**
00**
82
00**

152**
204**
106

t Probability calculated by chi square test o=p >95 and oo=p >99
*Probability calculated by Flchers exact test (2-tall) * =P >95 and ** =P >99

The same analysIs was performed on pollen donor genotypes In that study, Z
meXlcana cv teosmte was better than the four tested maIze genotypes

Two other genotypes are bemg tested WIth maize pollen Cham I IS glvmg
outstandmg results, WIth 3-5 green plants per spIke Jenah KhetIfa IS startmg to
produce a few embryos A concentrated effort wIll be undertaken for the landrace
Jenah KhetIfa and for the hybrid Cham I x Jenah KhetIfa

Perspectives

No embryos were recovered from the durum wheat genotypes Lloyd and Neodur
Other results were genotype-dependent, eIther on the genotype of the pollen donor
or on the one of the female receIvers There IS stili room for Improvement
However, smce all recovered plants were green, It IS already possIble to produce
doubled haplOId plants m suffiCIent number for some genotypes

Two problems remam FIrst, why can so few VIable embryos be rescued whIle the
number of swollen ovanes IS relatIvely hIgh? In other words, IS ovary swellmg a
SIgn of fertIlIzatIOn, and do most of the embryos abort at a very precocIOUS stage?
The second IS that we have no final proof that mduced gynogenesIs by mterspeclfic
or mtergenenc crosses does not ImplIcate a possIble mtrogressIOn of maIze DNA m
the durum wheat genome To solve the first problem, a clearmg-up techmque IS
bemg consIdered m the laboratory It WIll allow the development of very young
embryos WIthout dlssectmg the ovaries (FIg 3)
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Cell Suspension and Somatic Embryogenesis in
Durum

M.P. Coumans and Sophie Fernandez
University of Montpel/ler, MontpellJer, France

Abstract
Two bIOtechnologIes need to be developed and Improved for durum wheat somatic
embryogenesIs and cell suspensIOn culture The first concerns the posslbdlty of
growmg whole plants VIa UnI- or olIgocellular development, Ideally through
somatIc embryogenesIs Work focused on one (Immature zygotIc embryos) of
several startmg matenals (mature zygotIc embryos, Immature mflorescences, and
anthers) Shoots as well as embryos can be neoformed The malO objective for
durum wheat IS the definItIOn of a protocol that allows the effiCient use of genetic
transformatIOn methods The second objective deals With cellular reactions to
abiotiC stresses such as heat and drought ThiS may represent an additional
parameter, based on mtracellular behaVIOr, for rankmg genotypes accordmg to their
susceptIbIlIty or tolerance If a difference can be detected at that level, in vllro
selectIOn of thIS speCIfic parameter IS pOSSIble

Somatic Embryogenesis

An expenmental model for durum wheat must be defined that allows plant
regeneratIon ongmatmg from smgle cells Future ObjectIves mclude m Vitro
selectIon or genetIc transformatIon Despite abundant lIterature on cereals, very few
reports are aVailable on durum The establIshment of such a model presents
numerous dIfficultIes chOice of reactIve explants, dispOSitIOn on the culture
medIUm, culture condItIons, and the nature of growth regulators and genotype
(Bhaskaran and Smith 1990)

Immature zygotIc embryos are the explants most often used (Ozama and
Komamme 1989 for nce, ShdlIto et al 1989 for corn, He et al 1986 and Brelman
et al 1987 for bread wheat, Yang et al 1993 for durum wheat) With anthers
(Armstrong et al 1987 and Reynolds 1993 for bread wheat)

Because albmIsm m durum wheat IS a cntlCal problem encountered WIth the use of
anther culture (with a second mmor problem of chromosome doublmg), Immature
zygotIc embryo culture IS the preferred techmque (Benmci et al 1988) However,
m Immature embryos, there IS no clear-cut dlstmctlOn between callogenesls and
somatIC embryogeneSIS both types of regeneration sometimes coexist on the same
explant (He et al 1986) Only by use of a hIstologIcal follow-up of cultunng can
the two processes be dlscnmmated

243



It IS also likely that mtra- and mtergenotyplc vanatlons are somehow related with
endogenous hormonal status So, a hormonal supply IS needed m bread wheat for
the dedifferentiatIOn and mltlatlOn of the embryogenic process (Mathias et al
1986), or for aldmg maturatIOn of somatic embryos (Brown et al 1989)

If genetic transformatIOn IS the major obJective, the expenmental model must have
two major charactenstlcs responsive cells must be very close to the surface of the
explants to be reached by foreign DNA, and the tissues must spend the least
possible time III vitro to aVOid the genetic vaflatlOns frequent m cereals
(Chowdhury et al 1991, Larkm and Scowcroft 1983 for review)

Two Protocols Developed in Montpellier

Zygotic immature embryos
Ardente was the genotype of durum wheat used m the followmg expenments Only
Immature grams of the lateral flowers of each spikelet from the medIUm third of the
spike were collected Immature embryos were dissected 12, 16, or 20 days after
anthesls and Immature embryos placed With the embryo aXIs m contact With the
medIUm (see Fernandez 1994 for details)

Callus, shoot, and somatic embryo development was followed for eight weeks (Fig
1) There was a clear mteractlOn between medIUm compositIOn, level of 2,4 D m
the medIUm, and age of zygotic embryos In these conditIOns, histological
observatIOns have found both types of regeneratIOn Among the additives tested m
culture (2 4 giL NaCI), numerous small proembryos developed at the callus
surfaced after 28 days (Fig 2), showmg that the ratio of shoots to embryos can
apparently be displaced (m which case they fall to develop further)

Figure 1. shoot and embryo development on callus derived from immature
zygotic embryos of durum wheat after five weeks in culture.
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Figure 2. Small proembryos developed at the surface of calli derived from
immature zygotic embryos of durum wheat after four weeks on culture
medium supplemented with 2.4g NaCI.

Immature inflorescence culture
Immature mflorescences were tested, because most explants responsIble for
somatIc embryogenesIs are located at both ends of the developmental cycle
PossIbly, they are somehow more JuvenIle-young tIssue developed from the
zygote (Immature embryos, mature embryos, and, to a lesser extend, hypocotyls,
epIcotyls, and cotyledons), or tIssues from the floral menstem-and In the
neIghborhood of the gametes such as anthers (Zhong et al 1995), nucelle (Bacchi
1944), or Integument (Carron and EnJalnc 1985)

Immature mflorescences possess all the flower organs at a very JuvenIle stage
After four weeks, shoots as well as somatIc embryos are observed on most of the
explants The compleXIty of the tIssue present m Immature mflorescences at a very
JuvenIle stage makes It more dIfficult to recognIze the type of shoot development
(calIogenIc or embryogenIC) and the POSItion of the cells at the base of shoots or
embryos

Short-term Objectives

BeSIdes mcreasmg the percentage of respondmg embryos mdependent of the
genotype, several Improvements of the model are needed before oggenetlc
transformatIon can begin The number of somatic embryos has to be enhanced, as
they ongmate from cells that can combme embryogenIc potentIal and
transformatIOn capacitIes MedIUm compOSitIOn has to be refined to allow
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development of most proembryonIc structures A companson mu:;t also be
performed between m vitro maturatton of somatIc embryos followed by normal
germmatlOn, and the posslblhty of forcmg somatIc embryos to germ mate WIthout a
maturatIOn penod

Long-term Objectives

A model of somatIc embryogenesIs must be ready to mtroduce genes of mterest
mto durum wheat by genetIc transformatIOn Two applicatIOns can be developed
One fundamental applicatIOn should allow, for example, a better understand109 of
the presence of protems or metabohsms mvolved 10 the growth of durum wheat and
the behaVIOr of grams or zygottc embryos The second should mcorporate genes
Involvedl WIth general/specific resIstance to bIOtic and abIOtic stresses and quahty

We WIll focus on two transformatIOn techniques shot gun, blOlIsttque, or parttcle
bombardment (Sandford 1988) and tIssue electroporatlOn (D'Hallum et al 1992,
Songstad et al 1993)

Cell Suspension

EmbryogeniC cell suspensIOns can be accomphshed for most cereals (VasJl 1987)
The maIO objectIve IS to obtam protoplast that can regenerate plants Cell
suspensIOns can ongmate from mlcrospore culture (anther and Isolated mlcrospore
culture Su et al 1992 for nce, Jahne et al 1994 for barley) and be used 10 genetIc
transformatIOn In durum wheat, however, the presence of a hIgh rate of albmlsm
renders thIS process madequate If normal plants are to be recovered

EmbryogeniC cell suspensIOns can also be obtamed from Immature zygotIc embryo
cultures (Hodges et al 1986 for maIze, Felfoldl and Purnhauser 1992 for bread
wheat, BennlcI et al 1988 for durum wheat) However, to decrease the length of
tIme spent In VItro, dIrect somattc embryo productIOn IS often preferred to
embryogeniC cell suspensIOns

Lmes more tolerant or resIstant to bIOtIC or abIOtIC stresses were selected by
classIcal means Agro-physlOloglcal and bIOchemIcal cntena were developed by
other teams (thIS proceedlOgs) to help breeders (root development, stomatal densIty
and conductance, content m ABA, prolme and other osmotlcum, chiorophyillan
fluorescence, etc) For example, as a result of these markers, several drought
tolerant genotypes were selected 10 dIverse specIes such as sunflower, peanut,
maIze, and nce

Two maIO dIfficultieS comphcate the search for plants resIstant to culture
condItIOns 10 dry areas

• In the field, It IS not easy to separate the two constItuents of stress hydnc and
thermIC factors It IS pOSSIble that plants can overcome the two constituents by
dIfferent mechanisms
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• As a consequence, specific reactIons are not well understood The lIterature
concernIng the use of parameters such as prolIne content and chlorophyllIan
fluorescence IS not clear or easIly reproduced, and It does not always correlate
wIth field tolerance It IS more lIkely that tolerance can be reached, m dlstmct
genotypes, by alternatIve cellular or tissue strategIes

Results

Plants of several wheat genotypes (11 bread and 16 durum wheats), were agro
physIOlogIcally tested by Gahba m the phytotron at Martonvasar, Hungary, m order
to characterIze lInes as a functIOn of their senSItIvity to heat EmbryogeOlc cell
suspensIOns are under development m Hungary and at MontpellIer Results will be
publIshed

Short-term Objectives

Many stresses attack plants at the cellular level by common degradatIOn effects
such as those caused by free radIcals Stress conditIOns may then create oXidative
dIsorders whIch dIsturb cellular development The ObjectIve IS then to recogOlze
how cells, faced with such stress, react, and to search for dIscrlmmatmg reactIOns
between susceptIble and tolerant genotypes These genotypes will be proposed as
cellular parameters related wIth the tolerance, m complement to other criteria such
as agro-physIOloglCal or molecular markers These genotypes, phYSIOlogically
tested m the Martonvasar phytotron, are generatmg our first In vitro cell
suspensIOns correspondmg to well-defined reactIOns of the plants to heat stress
They wIll be compared to heat and drought factors at the cellular level

Long-term Objectives

If a diSCrImInant reactIon to thermIC or other stresses IS demonstrated between
known susceptIble and tolerant plants, an In Vitro strategy can be used Only
tolerance characters at the cellular level are acceSSible this way To be selectable,
the degradatIOn process must somehow be detected For example, cell-membrane
weakemng starts with cell leakmg that can be momtored by changes m medium
conductance WIth an Increase m stress conditIOns, a more drastIC membrane
degradatIOn wIll cause the death of susceptible cells In Vltro selection can be
Improved by IncreaSIng varIabIlIty by usmg a mutagen and by passage through
protoplasts that are more senSItIve to cell membrane decay The cell membrane
would, In this case, mdICate endogenous oXidative stress If variatIOn of this
parameter IS seen as logIcal for hIgh temperatures, It may be used with other
stresses that may have a sImIlar effect on the cell membrane
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Comparative Mapping of Gramineae Species:
Implications for Durum Improvement

Mark E. Sorrells
Department ofPlant Breedmg and Biometry, Cornell Umverslty, Ithaca, NY, USA

Abstract

ComparatIve mappmg usmg DNA markers offers a method of combmmg research
efforts m dIfferent specIes In the present study, we developed a consensus map for
members of the Tntlceae tnbe (Triticum aestlvum subsp aestlvum, Aegzlops
tauschll, and Hordeum spp) and compared them to nce, maIze, and oat The
aneuploId stocks avaIlable are mvaluable for comparatIve mappmg because almost
every DNA fragment can be allocated to a chromosome arm, thus preventmg
erroneous conclUSIons about probes that could not be mapped due to a lack of
polymorphIsm between mappmg parents The orders of the makers detected by
probes mapped m nce, maIze, and oat were conserved for 93, 92, and 94% of the
length oftntlceae consensus maps, respectIvely Homeologous segments conserved
across Tnttceae specIes, nce, maIze, and oat can be Identtfied for each Tntlceae
chromosome PutatIve orthologous lOCI for several slmply-mhented and
quantltattvely-mhented traIts m Grammeae specIes were IdentIfied

Introduction

Genettclsts have dIrected much effort towards the molecular genetIcs of wheat
(Triticum aestlvum L subsp aestlvum) and ItS relatIves RestnctlOn fragment
length polymorphIsms (RFLPs) have been assIgned to wheat chromosome arms
(Anderson et al 1992, Devey and Hart 1993), and RFLP Imkage maps eXIst for
hexaplOId wheat (Chao et al 1989, LIU and Tsunewakl 1991, Devos et al 1992,
1993a, Xle et al 1993, Nelson et al 1995a, b, c, Van Deynze et al 1995a) and the
related specIes, Aegzlops tauschll Coss (GIll et al 1991, Lagudah et al 1991), T
monococcum subsp monococcum (Van Deynze et al 1995a, Dubcovsky et al m
preparatIOn), barley, Hordeum specIes (Heun et al 1991, Klemhofs et al 1993,
Graner et al 1991, 1994), nce, Oryza sativa L (Causse et al 1994, Kurata et al
1994a), maIze, Zea mays L (Burr and Burr 1991, Gardmer et al 1993), and oat,
Avena spp (O'Donoughue et al 1992, 1995, Rayapatl et al 1995) To date,
tetraplOId Triticum specIes have receIved lIttle attentIon, although one of the
parents of the hexaplOId mappmg populatIon used by Van Deynze et al (l995a)
and Nelson et al (l995abc) was a synthetIc wheat Ime conslstmg of the durum
cultlvar, Altar 84 and a Ae tauschll accessIOn

GenetIc Imkage maps can be compared among crop plants usmg a common set of
DNA probes (Bonterbale et al 1988) Compansons of molecular maps of wheat,
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barley, Ae tauschll, and T monococcum (Devos et al 1993a, Nelson et al 1995a,
b, Van Deynze et al 1995a) mdlcate that the order of molecular markers on the
Imkage maps of these speCIes, detected wIth the same probes, are largely
homosequentlal Thus, consensus maps can be constructed to represent linkage
maps for the chromosomes of these specIes (Nelson et al 1995a, b, Van Deynze et
al 1995a)

ThIS paper assesses the degree of genome conservatIon between Tntlceae species
and nce, maIze, and oat, and the ImplIcatIOns for durum wheat Improvement

To map thIS proJect, anchor probes were selected because (1) they were preVIOusly
mapped on nce and represent smgle-copy DNA sequences In nce, (2) they have
also been prevIously mapped onto maIze (Ahn and Tanksley 1993) and/or wheat
(Ahn et al 1993), and (3) they provIde good genome coverage In nce A set of 142
markers was chosen based on posItIon In the nce RFLP map (Causse et al 1994),
because the small sIze of the nce genome suggested that It was the best model for
comparatIve mappmg among Grammeae specIes Also, nce IS a baSIC diplOId WIth a
large proportIOn of smgle copy DNA (approxImately 85% of DNA behaves as
smgle copy at hIgh stnngency, 0 5X SSC at 65°C, McCouch et al 1988), and no
apparent pattern m the dlstnbutlOn of duplIcated lOCI It IS Important to develop an
accurate model of the ancestral Grammeae genome for companson, so that gene
duplIcatIOn and amplIficatIOn m DNA whIch have happened smce the divergence
of these specIes from theIr last common ancestor do not obscure the underlymg
structural slmIlanty among grass species genomes AdditIonal clones were chosen
from the Imkage maps of each specIes to make comparIsons In areas not
represented by those selected based on the above cntena The probes, enzymes,
and methods used are descnbed m VanDeynze et al (1995a)

Development of Consensus Maps
Consensus maps based on speCIes-specIfIc maps from wheat (Nelson et al
1995abc, Van Deynze et al 1995a), Ae tauschll (GIll et al 1993), and barley
(Heun et al 1991, Klemhofs et al 1993, Graner et al 1991, 1994) were developed
usmg wheat as a base for companson The order of markers for chromosomes 4, 5,
and 7 was based on that of barley to correct for the ancestral rearrangement of these
chromosomes m wheat and the pencentnc inverSIon m wheat chromosome 4A
(Naranjo et al 1987, Anderson et al 1992) LOCI were Included In the consensus
map only when theIr order agreed among maps wlthm a specIes and when they
were present m at least two lInkage maps for partIcular homeologous chromosomes
many of the specIes AddItIOnal markers detected WIth probes umque to one of the
maps from the specIes mentIOned above-but also mapped m nce, maize, or oat
were mcluded m the consensus maps The relatIve pOSItIon of markers was
determmed by the locatIOn of markers detected WIth common probes In the
mdlvldual hnkage maps A proportIOn of probes detected markers that were not
mapped m wheat, Ae tauschll, or barley but were aSSigned to wheat chromosome
arms and mapped m nce, maIze, or oat When these markers were mapped to
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homeologous segments between Tntlceae and these species, and were assigned to
the same wheat chromosome arm as the homeologous segment, thelf position on
the Tntlceae consensus map was estimated based on relative posItion m the speCIes
bemg compared For SimplICity, we refer to the resultmg consensus maps as
Tntlceae consensus maps

These consensus maps effiCiently combme genetic mformatlon accumulated for
related grass species (wheat, Ae tauschll, and Hordeum spp ) for companson to
more distantly related species (nce, maize, and oat) They help circumvent
problems of low polymorphism between mappmg parents by provldmg relative
marker locatIOn mformatlOn across several maps For example, 116 markers on the
consensus map for group I chromosomes proVide relative order mformatIOn for
288 unique markers from the combmed mdlvlduallmkage maps (Van Deynze et al
1995a) Such maps do not accurately estimate recombmatIOn, and species-specific
rearrangements cannot be mcluded Only 12 mconslstencles were reported m the
order of 116 markers detected with common probes from seven Tntlcum, four
barley, and two rye maps for group 1 chromosomes of Tntlceae (Van Deynze et al
1995a) In thiS study, the relatIve order of lOCI among Imkage maps of different
species was given more weIght than was dIfference m recombmatlOn The relative
dIstance between markers detected with probes common to more than one Imkage
map was used to pOSitIOn markers on the consensus maps Although these maps
mclude mostly molecular-genetic Imkage data, mformatlOn from claSSical and
phySical maps may be used as well

Comparison of Grass Species with Triticeae

The proportion of the Tntlceae consensus maps exammed was 85% usmg 160
probes mapped m nce, 92% usmg 211 probes mapped m maize, and 92% usmg
192 probes mapped m oat (Table I)

Table 1. Genome comparisons with Triticeae and oat, rice, and maize.
Species Genome Genome Genome Number of Size of

coverage In covered by conservation regions conserved
Tntlceae t Tntlceae (%) conserved regions

(%) (%) (cM)
Oat 92 99 94 16 5-215
Rice 85 95 93 16 3-225
Maize 92 98 92 20 3-120

t Includes data from aneuplolds and linkage maps (Nelson et al 1995abc, Van Deynze et al
1995)

From the alternative perspective, probes mapped m wheat, Ae tauschll, or barley
represented 95%, 98%, and 99% of the length of the nce (Causse et al 1994),
maize, and oat Imkage maps (Van Deynze et al 1995b), respectively
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Rice

Except for nce chromosome 12, each nce chromosome has a substantial regIOn
conserved m one or more of the homeologous Tntlceae chromosomes (Fig I)
Only four out of 10 probes hybndlzmg to locI located on nce chromosome 12
detected locI on Tntlceae species, and these are found on Tntlceae chromosomes
1Sand 5S. The hnkage maps for the entire nce chromosomes I and 9 were
conserved relative to the linkage maps of chromosomes 3 and part of chromosome
5 of TntIceae, respectively Except for msertlOns from other nce chromosomes
near the centromeres of homeologous Tntlceae chromosomes, the orders of locI on
nce chromosomes 4, 5, and 6 of nce were also conserved relative to Tntlceae
chromosomes The order for the maJonty of orthologous locI between nce and
TntIceae chromosomes IS conserved, but some mternal discrepancies eXist, usually
mvolvmg markers that map at LOD <2 0 As mdlcated m the distal regions of
Tntlceae chromosomes I, 5, and 6, conservation m the order of locI relative to nce
breaks down near the ends of these chromosomes
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Figure 1. Consensus map of Triticeae species (T. aestivum, Ae. tauscbii,
Hordeum spp.), with conserved segments from homeologous rice
chromosomes superimposed. The length of the bar for each chromosome
represents the full length of the linkage group. Markers without tick marks
were assigned to wheat chromosome arms, but not placed on a linkage map of
Triticeae spp. Their position was estimated based on their relative location in
rice. The order of markers outlined by the boxed area is conserved relative to
the rice chromosome indicated within it. Numbers in parentheses following
markers indicate their homeologous location(s) in rice. Marker loci not
followed by parentheses are mapped in the homeologous chromosome of rice
indicated in the boxed region. The arrowheads indicate centromere locations
in Triticeae. Asterisks indicate single copy probes in wheat. Boldface symbols
to the right of the linkage maps represent putative gene loci in Triticeae (Hart
et a1. 1993; Hockett and Nilan 1985) and rice (Kinoshita 1993). Se2 was
mapped in rice by M. Maheswaran, IRRI. Hd3a (chromosome 4) is a
quantitative trait locus (Qn) for heading date in rice (ll et ale 1995).
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Rice and wheat contnbute complImentary mformatlOn to comparative mappIng
Most smgle-copy clones selected for good genome coverage of a nce lInkage map
(Causse et al 1994) also detect smgle- or low-copy sequences m Tntlceae speCIes,
maize, and oat (strmgency=O 5X SSC at 65°C) Wheat nullIsomic (Sears 1966),
dltelosomlc (Sears and Sears 1978), and deletIOn stocks (Werner et al 1992) are
especially valuable for comparative mappmg, because virtually every DNA
fragment can be assigned to a wheat chromosome arm or portIOn of an arm
(Anderson et al 1992) By combmmg this mformatlOn wIth linkage data for wheat,
erroneous conclusIOns about chromosome or smgle locus mconslstencles can be
aVOided, because essentially all copies of the DNA sequences detected by a probe
can be located m the wheat genome In comparative mappmg, the estimated degree
of genome conservatIOn with species other than wheat may be underestimated,
because mformatIon about probes IS limited to the polymorphism between mappmg
parents

Maize

For the TntIceae genome map represented by locI mapped In maize, 92% IS

conserved between the two species (Table I and Fig 2) Many of the Tntlceae
chromosomes were homeologous to at least two maize chromosomes Maize
chromosomes I and 5, I and 9, 2 and 7,2 and 10,3 and 8,4 and 5, 6 and 8, and 6
and 9 were homeologous to portIOns of the same Tntlceae chromosome, thus
confirmmg the duplIcatIOn of chromosome segments WithIn the maize genome
observed In comparative maps between maize and nce (Ahn and Tanksley 1993),
sorghum (Whltkus et al 1992), and oat (Van Deynze et al 1995a, b) A segment
delimited by XcdoJ380 and Xcdo772 on TntIceae chromosome arm 6L IS mverted
m homeologous maize chromosome 4, but not maize 5 A paracentnc mverslOn In

maize chromosome 9 relative to Tntlceae chromosome arm 7S was detected,
delimited by npl253 and wxl as reported by Devos et al (1994)
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Figure 2. Consensus map of Triticeae species (T. aestivum, Ae. tauscbii,
Hordeum spp.), with conserved segments from homeologous maize
chromosomes superimposed. The length of the bar for each chromosome
represents the full length of the linkage group. Markers without tick marks
were assigned to wheat chromosome arms, but not placed on a linkage map of
Triticeae spp. Their position was estimated based on their relative location in
maize. The order of markers outlined by the boxed area is conserved relative
to the maize chromosome indicated within it. Numbers in parentheses
following markers indicate their homeologous location(s) in maize. Marker
loci not followed by parentheses are mapped in the homeologous chromosome
of maize indicated in the boxed region. The hatched boxes on Triticeae
chromosomes 6 and 7 represent inversions in chromosomes 4 and 9 of maize,
respectively, relative to Triticeae. The arrowheads indicate centromere
locations in Triticeae. Asterisks indicate single copy probes in wheat. Boldface
symbols to the right of the linkage maps represent putative gene loci in
Triticeae (Hart et al. 1993; Hockett and Nilan 1985) and maize (Coe et al.
1993). Moisture (chromosome 2) and tasseVsilking (chromosome 5) are QTL
for the respective traits (phillips et al. 1992).
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Oat
Of the 192 probes common to Tntlceae and diploid oat, 130 were positioned on a
1mkage map of the Tntlceae species studied Sixteen regions rangmg from 5 to 215
cM m Tntlceae were conserved between oat and Tntlceae (Table 1 and Fig 1) At
least part of each oat chromosome showed conservatIOn m the order of DNA
markers detected with the same probes relative to Tntlceae The entire Tntlceae
chromosomes 1 and 7 are conserved relative to oat chromosomes A and 0,
respectively Gross rearrangements are eVIdent between homeologous
chromosomes of Tntlceae 2 and oat B, and Tntlceae 5 and oat E Smaller
rearrangements, msertlOns, or smgle locus mconslstencles are eVident, but may be a
consequence of the resolutIOn of the hnkage maps or duphcate locI

Putative OrthoiogOU5 Gene Loci

The posItions of putative orthologous gene locI for slmply- and quantltatlvely
mhented traits and bIOchemical markers between Tntlceae and nce, maize, and oat
(FIgS 1 to 3) were determmed based on their relative positions on claSSical (Hart et
al 1993, Hockett and Nilan 1985, Kmoshlta 1993, Coe et al 1993) and molecular
maps The relative pOSitIOns m homeologous chromosome segments were
conserved for trmts such as resistance to leaf and stem rust, leaf and endosperm
waxmess, kernel, pencarp, coleopttle and seedhng color, dwarfmg, awn
morphology, male stenhty, male-fertlhty restoration, shrunken endosperm,
vernahzatlOn, and photopenod response The nuclear organizer region (Nor) locus
on nce chromosome 9 IS putatively orthologous to Nod on wheat and Ae tauschll
chromosome arm 50S, and the Nor locus on maize chromosome 6 IS putatively
orthologous to the Nor1 locus on wheat chromosome arm 1BS The Nor locus In

oat does not appear to be orthologous to Nor lOCI of Tntlceae

Figure 3 (overleaf). Consensus map of Triticeae species (T. aesdvum, Ae.
tauschii, Hordeum spp.) with conserved segments from homeologous oat
chromosomes superimposed. The length of the bar for each chromosome
represents the full length of the linkage group. Markers without tick marks
were assigned to wheat chromosome arms, but not placed on a linkage map of
Triticeae species. Their position was estimated based on their relative location
in oat. The order of markers outlined by the boxed area is conserved relative to
the oat chromosome indicated within it. Numbers in parentheses following
markers indicate their homeologous location(s) in oat. Marker loci not
followed by parentheses are mapped in the homeologous chromosome of oat
indicated in the boxed region. The arrowheads indicate centromere locations
in Triticeae. Asterisks indicate single copy probes in wheat. Boldface symbols
to the right of the linkage maps represent putative gene loci in Triticeae (Hart
et aI. 1993; Hockett and Nilan 1985) and homeologous chromosome segments
in hexaploid oat (Siripoonwiwat 1995). PcX, Am, and Pg9 (chromosome 1)
were mapped by Chong et aI. (1994) and Pc (chromosome 2) was mapped by
Bush et aI. (1994).
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Conserved Segments Among Species

Compansons of the conserved regions m the lmkage maps of nce, maize, and oat
relative to the consensus maps for Tntlceae chromosomes (FIgs 1-3) mdlcate that
certam segments have been conserved For example, there are three segments for
homeologous chromosomes of Tntlceae chromosome 2 conserved across the three
specIes studIed (FIg 4) Segment 1 on the dIstal portIOn of TntIceae chromosome
arm 2S IS homeologous to nce chromosome 4, maIze 2 and 10, and oat B A more
proxImal segment (segment 2) on TntIceae chromosome arm 2S IS homeo10gous to
nce 7, maIze 7, and oat C, and Tntlceae chromosome arm 2L (segment 3) mcludes
a segment homeologous to nce 4, maize 2 and 10, and oat B However, the
breakpomts between segments do not appear to be conserved among the species
The breakpomt between segments 1 and 2 of nce IS not clearly defined between
Xrz69 (nce chromosome 4) and Xbcdl184 (nce 7) Maize and oat clearly have
dIfferent breakpomts between these segments The breakpomts between the
segments on 2S and 2L (segments 2 and 3) are conserved relative to nce and maize
only Segment 3 on oat chromosome B consists of a small regIon homeologous to
Tntlceae 2S, which IS not present m homeologous segments of nce or maize The
onentatlOn of regIOns homeologous to segments 1 and 3 IS conserved In TntIceae,
nce, and maIze, but not oat Conserved segments across all four speCIes can be
detected for regIOns homeologous to each of the TntIceae chromosomes
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Figure 4. Consensus maps for group 2 chromosomes of Triticeae species (T.
aestivum, Ae. tauschii. Hordeum spp.) with conserved segments from
homeologous rice, maize, and oat chromosomes superimposed. Segments 1,2,
and 3 are conserved in all species compared. Boldface symbols to the right of
the linkage maps represent putative gene loci in Triticeae (Hart et aI. 1993;
Hockett and Nilan 1985) (left symbols) and homeologous chromosome
segments in rice (Kinoshita 1993; M. Maheswaran, IRRI, personal
communication), maize (Phillips et aI. 1992; Coe et aI. 1993) and hexaploid
oat (Bush et aI. 1994; Siripoonwiwat 1995) (right symbols).

Genome Conservation and Evolution

At the current resolutIOn of comparative maps among Tntlceae speCies, nce, maize,
and oat (Ahn and Tanksley 1993, Ahn et al 1993, Kurata et al 1994b, Van Deynze
et al 1995a, b), there does not appear to be a great deal of structural divergence
The degree of conservation based on genome map length ranges from 62% between
nce and maize (Ahn and Tanksley 1993) to 94% between TntIceae and oat
(reported In this study) This IS In contrast to the 30% genome conservatIOn
between BraSSlca oleracea and ArabldopslS thallana of the Cruclferae famIly
(Kowalski et al 1994) Comparative maps USing common probes With Tntlceae
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(this study, Ahn et al 1993), oat (Van Deynze et al 1995a, b), and between maize
and nce (Ahn and Tanksley 1993) mdlcate that specific chromosomal segments
appear to be conserved among all species Examples of chromosomes homeologous
to Tntlceae chromosomes 1 (Van Deynze et al 1995a), 2 (see results section) and 5
(Van Deynze et al 1995b) have been descnbed The order of locI detected by
common probes mapped m maize, sorghum (Whltkus et al 1992), and sugarcane
(Grrvet et al 1994) mdlcates that these same segments may be conserved among
these species It appears that large translocattons and mverslOns are the
mechamsms of evolutIOn for chromosomes of Grammeae species Smaller
rearrangements and smgle locus mconslstencles are also eVident, as well as
differences m copy number for particular locI The loss of gene order conservation
IS most apparent near the ends of the chromosomes

Relevance of Comparative Maps to Triticeae Species

Comparative maps can be used for Improvement of Tntlceae species by combmmg
mformatlOn accumulated m other species not prevIOusly accessible usmg classical
techmques They may be used to saturate species-specific maps m a targeted
region, or Simply to develop hnkage maps for speCies, such as wheat, that may
have a low level of polymorphism among parental hnes To construct a new map m
durum, for example, both consensus maps and comparative maps can be used to
chose the most appropnate probes Such probes can be chosen to prOVide genome
coverage at the desired resolutIOn and for close Imkage to prevIOusly mapped
agronomic trait locI

The mformatlOn gamed by Identlfymg orthologous lOCI for the numerous
prevIOusly charactenzed mutants and expressed sequence tags m nce (Kmoshlta
1993, Uemda et al 1994, Kurata et al 1994a) and maize (Coe et al 1993) may
advance genetic research m Tnttceae species The relatIOnships between gene
products and phYSIOlogy of plants for particular traits must be known to define
orthologous locI between species Genes affectmg what appear to be totally
different characters may be the result of orthologous gene locI that differ m
expressIOn or mteractlon With other genes (Darhng and Abbott 1992) These must
be dlstmgUlshed from traits which appear to be Similar based on phenotype but
controlled by unrelated genes Comparative mappmg may be of hmlted value for
traits that are umque to a species Also, certam characters such as male stenhty
may be affected by numerous locI found throughout the genomes of many species
The use of comparattve mappmg for polygemc traits Will reqUIre sophisticated
QTL analySIS A number of putative orthologous locI for vanous traits between
Tntlceae and nce, and maize and oat, are mdlcated m Figures 1-3 Van Deynze et
al (1995b) reports the locatIOn of putative orthologous locI for storage protems and
resistance to leaf rusts between oat and Tntlceae, as well as for vernahzatlon and
photopenod response lOCI among Tntlceae speCies, nce, maize, and oat Putative
orthologous lOCI for pencarp color (P, Pr, Rl), lack of hgules (Lg), and dwarfing
(Dl-2, D2, D5) are located on homeologous chromosomes Tntlceae 2L, nce 4, and
maize 2 or 10, respectively (Figs 1 and 2) These highly conserved orthologous
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lOCI are good candIdates for further characterIzatIOn based on comparatIve
mappmg IsolatIng genes for further study, plant transformatIOn, or genetIc
manIpulatIOn In a large complex genome such as wheat may be facilItated by
studymg or clonIng orthologous gene lOCI In a smaller, well-characterIzed genome
such as nce

It IS clear that numerous chromosomal segments are conserved among Tntlceae
speCies, nce, maIze, and oat The putative orthologous lOCI for traIts mdlcated m
thIs study are only the first examples of the practIcal potentIal of comparatIve
mappmg for the advancement of genetic research of Grammeae species
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Utilization of peR Primers for Wheat Storage
Protein Genes in Population Genetic Analysis

Mario A. Pagnotta and Enrico Porceddu
Department ofAgroB/Ology and AgroChemlstry, University of Tusela, Viterbo, Italy

Abstract

Increasing knowledge concerning gene sequence and structure IS provIding new
and more vIgorous tools for analyZing varIatIOns In natural populatIOns Sequences
of Tntlcum genes coding for seed storage proteIns were used to study the genetic
structure of 25 populatIOns of Tntlcum turgidum subsp dicoccOides from the
Fertde Crescent A surprISingly wIde WIthIn-populatIOn vanatlon was detected, m
addItIon to the vanatlon among populatIons already documented DIversIty was
found to be assocIated WIth envIronmental factors such as clImate and SOIl
vanatlOn, confirming that thIS vanatlOn does not occur at random but IS the result
of natural selectIon

Introduction

WIld emmer, a common progenItor of cultIvated tetraplOId and hexaplOId wheats,
IS an Important source of genetIc varIatIOn explOItable In breedIng programs aImed
at Improving qualIty and resIstance charactenstlcs In addItIon, ItS occurrence at
several sItes along the FertIle Crescent proVIdes excItIng opportunItIes for studyIng
the genetIc organIzatIon of populatIOns and theIr relatIOnshIp WIth envIronmental
factors

DIverSIty at the bIochemIcal and molecular levels In Tnticum turgldum subsp
dicoccoides populatIons has been studIed by Nevo and Payne (1987), Nevo et al
(1995), and Pagnotta et al (1995) Nevo and Payne (1987), by electrophoretlcally
analyZIng 231 IndIVIduals for protein subUnIts codIng for genes at the Glu-l lOCI,
showed that (1) the two HMW glutenin lOCI, Glu-Al and Glu-BI, are, overall,
extremely varIable, containing a total of 11 and 15 alleles, respectIvely, (2)
varIatIOn m some populatIOns IS severely restncted, supportmg the Island
populatIOn genetic model, and (3) correlatIOn between glutenm diverSIty and
frequencIes of speCific glutenin alleles and phySIcal (clImate and sod) and bIotic
(vegetatIon) vanables were very SIgnIficant

Nevo et al (1995) and Pagnotta et al (1995) analyzed the genetIc structure of 25
populatIons for y-type glutenm subUnIt genes at the Glu-l lOCI, by uSing PCR
methodology They found a WIde genetIc dIverSIty among and, more surprIsing,
wlthm populatIOns, and confirmed that glutenIn dIverSIty IS not random but a result
of natural selectIOn as an adaptIve envIronmental strategy
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The results of this analysIs led to the followmg mvestlgatlons. (I) to charactenze
genes encodmg new allelic vanants, and (2) to detect genetic polymorphism for
populatIOn genetics studies and Imkage analysIs

Materials and Methods

Two hundred and forty nme genotypes belongmg to 25 populatIOns collected m
locatIOns mapped m Figure 1 were used m thiS study Values for the followmg
environmental factors were recorded for each collectIOn site Altitude (AI,
measured m m), mean annual evaporatIOn (E, measured m mm), mean humidity at
1400 (Hu14, measured by %), mean annual humidity (Huan, measured by %),
longitude (Ln), latitude (Lt), total solar radiation per year (Rad), mean relative
vanabillty of ramfall (Rr, measured by %), mean mterannual vanability of ramfall
(Rv, measured by %), mean number of Sharav days (Sh, I e hot and dry), mean
August temperature (Ta, measured m DC), seasonal temperature difference (rd,
measured m DC), day-mght temperature difference (Tdd, measured m DC), mean
annual temperature (Tm, measured m DC), mean January temperature (TJ,
measured m DC), mean number of tropICal days (Trd) Soli charactenstlcs were
used as three dummy vanables Basalt (Bs), Terra rossa (Tr), and Rendzma (Rz)

The range of populatIOns considered can be subdiVided mto central populatIOns (5)
and several types of margmal populatIOns PopulatIOn No 1 IS m the north, With a
cold and dry environment PopulatIOn No 2 IS m the southeast, and IS warm and
dry (8 populatIOns) PopulatIOn No 3 IS m the west, With a humid environment (10
populatIOns) PopulatIOn No 4 IS from Turkey, With a warm and semi-dry
envlfonment (Nevo and Belles 1989)

Twenty seeds per genotype were germ mated In petn dishes after surface
stenlizatlOn With sodIUm hypochlonte (final concentratIOn 1% m water) The
etiolated seedlings were used to extract genomic DNA followmg the Dellaporta et
al (1983) method

PCR was performed usmg oligonucleotides syntheSized on sequences of Triticum
aestlvum cv Cheyenne (Halford et al 1987) genes codmg for all regions of the 1By
HMW glutenm subumts Smce HMW genes contam a very long central repetitive
domam, pflmers were chosen m the regIOns correspondmg to the N- and C
termmal regIOns Oligonucleotide pnmers 5' ATG GCT AAG CGG TTG GTC CT
3' and 5' CTG TGT TAA CAT GGT ATG GGT TGT C 3' were prepared
accordmg to D'OvldlO et al (1994) The PCR mixture per genotype consisted of
250 ng of genomic DNA, 250 ng of each of the two pnmers, 300 mM each of
dATP, dGTP, dCTP, dITP (Pharmacla), 2 5 umts ofTaq Polymerase (Boehrmger),
and water to make up 100 mL The mixture was covered With two drops of mmeral
011 (Perkm Elmer) The amplification conditions were as follows hot start at 94 DC
for 2 mmutes followed by 35 cycles at 94 DC for 1 minute, 60 DC for 2 mmutes and
72 DC for 2 mm. The 35 cycles were followed by an extensIOn of 7 mmutes at 72
DC After the amplificatIOn cycles were completed, 15 mL of amplified product per
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sample was run mal x TBE buffer (on a 1% agarose mml gel contammg 0 5
mg/mL of ethldium bromide) at 80 volts for about 2 hours The gels were
photographed under UV light wIth PolarOId film 667
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Figure 1. Collection locations for 25 populations of wild emmer wheat in the
Fertile Crescent. Numbers correspond to Table 1.

Band dImension was measured usmg the lambda marker as reference To get a
better measurement and aVOId differences In gel-runnmg, gels were re-run, loading
different combmatlons of peR products Results were arranged In a matnx, wIth 0
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for absence and 1 for presence of any "possible band" Spearman rank correlatIOns
were computed between all vanables Stepwise multiple regression analysIs was
employed to determme associatIOns between environmental factors and frequency
ofPCR bands or band senes (Pagnotta et al 1995)

Results

Variability and Polymorphism

PCR amplIficatIOn Identified 29 charactenstlc patterns m the 25 populatIOns
analyzed There were differences In frequency and/or dlstnbutlOn (Table 1) Some
were very rare, such as patterns 5, 9,12,13,17,19,23,25, and 27, which were
present m only one of the 249 genotypes Others were Widely dlstnbuted, such as
patterns 3, 4, and 6, which were present In 33, 40, and 20 genotypes, respectively
Moreover, some populatIOns (5, 29, and 32) did not show vanatlOn, whereas others
(16 and 26) had a predommant pattern with a small proportion of some second
pattern Some populations (9, 21, and 30) presented five to SIX different patterns,
about equally dlstnbuted
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Table 1. Glutenin DNA peR pattern frequencies and distribution in 25 populations of
Triticum dicoccoides.
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Patterns were consIdered as multilocus structures, wIth each locus contammg two
alleles On this basIs, genetIc mdices (Table 2), genetic diversity wIthin and among
populattons (Nel 1973) (Table 3), genettc distance (Nel 1978) (Tables 4 and 5),
Spearman rank correlattons (Table 6), and multiple regressIOns (Table 7) were
computed

Table 2. Genetic variation based on 12 loci for BMW glutenin in 249 genotypes
based on 25 populations of Triticum dicoccoides.
Locality

1
5
7
8
9
11
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
37
Mean

Mean no of alleles per
Locus (A)

1 083
1 000
1 250
1 417
1417
1 083
1 167
1 250
1 333
1 250
1 167
1 417
1 333
1 333
1 333
1 167
1 167
1 333
1 083
1 000
1 333
1 250
1000
1 500
1 083
1 230

Percentage of locI
polymorphic

83
00

250
417
41 7

83
167
250
333
250
167
41 7
333
333
333
167
167
333
83
00

333
250
00

500
83

230

Genetic diversity
(He)

0028
0000
0086
0104
0107
0044
0032
0072
0075
0078
0088
0132
0112
0160
0096
0058
0032
0147
0028
0000
0105
0047
0000
0131
0042
0069

Polymorphism for each populatIOn ranged from umformlty (5, 29, and 32) to 50%
(33), With an average of 23% (Table 2) Genettc diversity vaned among
populatIons, rangmg from 0 000 (5, 29, 32) to 0 160 (23) Mean polymorphism
(23%), together With mean number of alleles per locus (I 230) and mean genetic
dIversIty (0 069), was comparable to the results found by Nevo and Belles (1989)
for the same parameters usmg 42 allozyme lOCI (22%, I 252, and 0 059,
respectIvely)
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Genetic Differentiation Within and Among Populations (Gst Analysis)

Average among populatIOns represented 68 7% of the total dIversIty (0 2 I 8)
showed by the 12 "possIble bands" (Table 3)

Table 3. Genetic diversity among and within populations for 12 HMW glutenin
loci in 25 Triticum dicoccoides.
Bandst Gene diversity Genetic

(Ht) diversity within
populations

(Hs)
H2310 a 0472 00194
H2290 a 4984 a 2238
H2200 0 0080 a 0073
H2090 a 1483 0 0387
H2070 a4953 a 1391
H2030 a 3267 00674
H2010 a 2188 00443
H1850 a 0472 00274
H1780 a 1207 00371
H1750 a 0921 a 0144
H1740 04667 01584
H1730 01483 00418
Mean a 2181 00683
I Digits Indicate the base pair number

Genetic diversity
between

populations
(Dst)

00279
02746
00008
01096
03562
02593
01745
00198
00836
00777
03083
01064
01499

Genetic diversity
% between
populations

(Gst)
5901
5509
0964
7389
71 92
7938
7976
41 93
6927
8433
6605
71 78
6871

The absolute and relatIve contributIOns of smgle bands to differentIation of genetIc
diversIty among populatIOns (Table 3) mdlcate that the bands wIth the hIghest
values (whIch could be populatIOn-specIfic) were H1750, H201 0, and H2030,
accountmg for 84,80, and 79% ofmterpopulatJon genetic dIversIty, respectIvely

Genetic and Geographic Distance

GenetIc distance between populatIOns (Table 4) ranged from 0000 (between
populatIOns 18 and 33) to 0607 (between populatIOns 37 [Turkey] and 32) GenetIc
dIstance dId not match geographiC dIstance Some populatIOns were geographIcally
close, such as 5 and 7 (about 10 km apart) and 5 and 9 (about 50 km apart) wIth
genetIc dIstances of 0 089 and 0 387, respectIvely On the other hand populations 5
and 18, and populatIOns 24 and 23, whIch are more than 200 km apart, showed
genetIc distances equal to 0 057 and 0 025, respectIvely
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Table 4. Matrix of genetic distance between 25 populations of Triticum dicoccoides.
Pop 1 16 17 18 19 20 21 22 23 24 25 26 28 29 30 31 32 33 27 5 7 8 9 11
1 ••••

16 0240····
1701570063····
18 0210 0172 0155 ••••
19 0082031301980231 ••••
20 02500319019301810085 ••••
21 0170 01970130 0009 0163 0128 ••••
22 00060212012400140043 0160 0104 ••••
23 00520158010900420078 013300270018 ••••
24 01360195009600230161013700070082 0025 ••••
25 01940216012700130191 0137 0001 0123 0042 0003 ••••
26 03750278031500780216 0141 0086 0258 0131 0146 0107 ••••
28 04550350040301760296 022801450342 0220024702110094 ••••
29 02510186019600030297 024200260185 006600450030 00890188 ••••
30 020502380134 0025 0160 0101 0002 0125 0048 0010 0002 0089 0174 0050 ••••
31 0170005600020204020202060177 0141013901420180 0353043202520184 ••••
32 0251 0186 0239 0174 0351 0360 0206 0228 0168 0183 0225 0294 0367 0182 0255 0252
33 02160153014000000213015900080143004200260013 00570160000700200185 0181····
27 0159013400810171 0223 0231 01460135 0121 01120163 033503370208 01700088 00630171 ••••
5 01880272011500570187 013600260123 006600090013 018602960087 00130168 028800580164····
7 02720220021000210188 011200240177 006700590034 001701130033 00290255 0232001202340089····
8 03190378024801740152 009201300217 016201430132 012602440222 00860278 03890137028401380119····
9 01630361035003380104 024202990139 0171 0311 0347 027503730387 03030340 036102970328038702940157··..

11 00780206027301930114 0277 0195 0071007302150247 02160285021102550275 0211018902430322019803410113····
37 04750560038502840255 0177 0230 0350 028502490225 020703450335 01890424 06070239046702230210020004750509



The genetic distance between different types of marginality IS lower than the
distance between the five central populatIOns (0 216) Likewise, dIstances wIthin
regIOns were slm1lar to the distances between regIOns (Table 5), emphasIzing the
fact that dIstance IS not the mam factor of populatIOn dIfferentiatIOn (Wright 1943)

Table 5. Matrix of Nei's unbiased genetic distance coefficients, averaged by
marginality.
Marginality

1 North
2 Southeast
3 West
4 Central
5 Turkey

No of
populations

1
8

10
5
1

0146
0241
0204
0475

2

0139
0155
0174
0316

3

0157
0200
0329

4

0216
0324

Environmental Association

Some bands and some patterns were found to be statistically aSSOCiated with
envIronmental condItIOns, particularly with temperature and humIdity (Tables 6
and 7)

Table 6. Spearman rank coITe1ation.
AI Td Sh

High 2030 0481* 0454* 0675***
Ln Td Tdd Hu14 Huan Trd Ev Rv Rr

High 1780 0410* 0480* 0422* 0544** 0511** 0460* 0461* 0566 0586**
Rad

High 1730 0432*
Ln Lt Td

Pattern h1 0446* 0456* 0499*
AI Tdd Sh

Pattern h2 0627*** 0411* 0693***
Tdd Rn Rd Hu14 Ow Ev Rad

Pattern h1 0423* 0482* 0596** 0417* 0564** 0507* 0694***

Stepwise multiple regressIOn (carned out usmg peR variables as dependent
variables and ecological variables as Independent variables) shows that a
combmatlOn of temperature, water-availability, and s01l variables accounts for a
slgmficant proportIOn of the variatIOn In band frequencies (Table 7) For example,
the variance Pattern hils explained by a three-variable combinatIOn seasonal
temperature difference, humidity at 1400, and January mean temperature
(R=O 599***, Table 7)
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Table 7. Coeffidents ofmuldple regression (r'.
Rz RzRv

High 2090 0276** 0382**
AI AITrd

High 2070 o107ns 0322*
Td TdTdd

High 2030 0231* 0380**
Hu14 Hu14 rZ

High 1780 0207* 0270*
Tm TmTrd

High 1740 o072ns 0353*
Td Td Hu14

Pattern h 1 0194* 0322*
AI AITdd

Pattern h 2 0362** 0423**
Ev EvRv

Pattern h 4 0101 ns 0308*
Dw

Pattern h 7 0326**
Trd Trd Tr

Pattern h 16 0191 * 0342*

Discussion

Rz RvTa
0441 **
AI Trd Ev
0413*

TdTddTm
0533**

TmTrd TJ
0442**

Td Hu14 TJ
0599***

AI Tdd Trd
0532**

Trd Tr Lt
0395*

The pnmers Identified from the published sequence of genes cod109 for the HMW
glutenm subumts have detected a wide polymorphism 10 T dlcoccOldes The
analysIs corroborates the eVidence of genetic diversity and divergence 10 natural
populatIOns of T dlCoccoldes already found by Nevo and Payne (1987), Nevo et al
(1982), Nevo and Belles (1989), Carver and Nevo (1990), Pagnotta et al (1995),
and Nevo et al (1995) The populatIOns of T dlCoccoldes show a great vanabllity
between and, more surprIsmg, wlthm populatIOns Although present results show
mmor varIability wlthm populatlons-eompared with allozyme differentiatIOn
(Nevo and Belles 1989), where mterpopulatlOn allozymlc diversity was 60%
(0 165)-lt IS enlighten109 to compare the vanabllity among populatIOn (687%)
with that wlthm populatIOns (31 3%) Trztlcum dlCoccoldes IS hence an Important
wild wheat relative for future breed109 programs as a source of genes for wheat
Improvement

This high glutenm diversity between and wlthm populatIOns IS probably due to
mlcrogeographlc differentiation-either edaphlc (Nevo et al 1988a) or climatic
(Nevo et al 1988b)-whlch plays an Important role 10 genetic differentiatIOn of
wild emmer, mcludmg glutenm differentiatIOn (Nevo and Payne 1987, Nevo et al
1995) Temperature and humidity are the most Important environmental factors
associated with particular genetic constitutIOns, which IS 10 agreement with the
findings of Peacock (this workshop), who Identifies temperature as havmg the
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greater effect m the FertIle Crescent ThIs appears to contrast wIth results whIch
found that altItude was the major envlfonmental factor dlscrlmmatmg among
populatIOns (e g Claffi et al 1993, Damama et al 1995) Unfortunately, altitude IS
often the only envIronmental factor recorded m germplasm collectIOns, as a result,
It appears very relevant AltItude IS clearly related m some way WIth temperature
and humIdIty, but It cannot be the mam factor, per se

Population dIvergence does not follow the IsolatIOn by dIstance model of Wright
(1943) By contrast, It IS qUIte often more easy to find greater genetIc dIfference
among close populatIons than among populatIOns far apart ThIS confirms the
Island population genetic model of WIld emmer (Nevo and BeJles 1989) ThIS
patchy genetIc dlstnbutlOn appears to reflect the underlymg ecologIcal
heterogeneIty, suggesttng that natural selectIOn IS a major factor determmtng
evolutIOn dIfferentiatIOn SelectIOn seems to be the major determmator of genetIc
dIfferentiatIOn, whIle genetic drift and mIgratIOn seem to have a mtnor effect,
Nevertheless, m very small populatIons, founder effects may predommant (Nevo
and Belles 1989) The high polymorphism and genetIc variatIon found between
populatIOns may be explamed by ecologIcal factors (and not by geographIc
dIstance alone), whIch determme glutenm dIfferentiatIOn both at the protem (Nevo
and BeJles 1987) and DNA (Pagnotta et al 1995) levels, as predIcted by the
envIronmental theory of genetIc dIfferentIatIOn (Nevo 1988) Moreover, mlcro
envIronmental VariatIOn, coupled WIth hmlted mIgratIOn of T dlcoccOides, can
explam the vanatlOn wlthm populatIOns

ConSIdering the hIgh vanablllty found wlthtn populatIOns, germplasm collectors
should also conSIder mIcro-environmental factors LIkeWIse, large germplasm
collectIOns should be reduced mto core collectIOns (Frankel 1984, Brown 1989) m
order to decrease the large amount of material to multIply Although a core
collectIOn WIll not replace the ongmal collectIOn, It wJlI make the latter more
acceSSIble There are several ways (in terms of vanables conSIdered and/or data
analySIS) m whICh core collectIons can be assembled, accurate ecologIcal and
geographIC data from the collectIOn SItes, analyzed vIa multIvariate analySIS
(Peeters and Martmelll 1989, Peeters et al 1990, Charmet et al 1994) IS one of the
most powerful bases for thIS type of germplasm reductIOn

The followmg conclUSIons are useful for future germplasm collectIOn

• It IS useless to collect on the basIs of geographIcal dIstance only

• It IS essentIal to collect data on SOli, envIronmental, and ecologIcal factors,
together WIth seed (or plant)

• Core collections should be obtamed on the basIs ofecogeographlcal data and
molecular marker analySIS
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Abstract

SpecIfic pnmers for the PCR amplIficatIon of low molecular weIght glutenIns and
gliadIns, and hIgh molecular weIght glutenIns were carned out The amplIfied
fragments for LMW glutenms vaned and allowed classIficatIOn of Imes Into the
group carryIng LMW-I and LMW-2 genes AmplIfied fragments for glIadIns
allowed the dIfferentIatIon of genotypes wIth y-giiadm 42 and y-giiadm 45 No
polymorphIsm was found for HMW glutenInS Two hundred and SIXty seven
genotypes (IncludIng checks) of the 1994 advanced durum yIeld tnals were
analyzed, 244 lInes amplIfied for the LMW-2 genes, and only 23 for LMW-l Two
hundred and SIXty three lInes from the same tnal were analyzed for gamma
gliadIns Two hundred and thIrty five showed an amplIfied fragment mdlcatmg a y
giiadm 45 type, and 28 a y-glIadIn 42 type PutatIve recombmants were Identified
Companson WIth SDS-PAGE must be carrIed out to confirm recombmatIon

Introduction

The use of restnet\On fragment length polymorphIsms (RFLPs) to construct genetIc
Imkage maps was first proposed by Botstem et al (1980) Smce then, extensIve
lInkage maps have been constructed for several agncultural crops such as maIze
(HelentJans 1987), tomato (Bernatzky and Tanksley 1986), nee (McCough et al
1988), wheat (Lm and TsunewakI 1991), barley (Graner et al 1991, Heun et al
1991), etc LInkage maps can be used to Increase selectIOn effICIency for
qualItatIve and-more Importantly-quantItatIve traIt lOCI (Lander and BotsteIn
1989, Paterson et al 1988, KleInhofs et al 1993) SInce then, however, the
applIcatIOn of RFLP technology m breedmg programs has been lImIted The main
reasons for the cautIOUS use of the technology are the hIgh cost of settmg up the
technology, the technIcal skIlls reqUIred, and lack of successful examples of
marker-assIsted selectIOn In a breeedIng program DNA amplIfIcatIOn by
polymerase chaIn reactIon, or PCR (SaIkI et al 1985, WIllIams et al 1990), IS a
promISIng alternatIve to the use of RFLP m breedIng programs SettIng up PCR
technology IS less costly and more eaSIly automated to screen the large populatIOns
reqUIred for selection In plant breedIng As only a small amount of DNA IS
reqUIred, mInI DNA extractIOn protocols can be used USIng PCR analYSIS, durum
wheat cultIvars can be dIfferentIated accordIng to theIr storage protem compOSItion
(D'OVIdIO et al 1992).
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The two major storage protein groups m the wheat endosperm are the prolamms
(a-, ~-, y-, and ro-gliadms) and the glutenms The glutenm protems have Important
effects on the physical properties of wheat dough, and their presence IS associated
wIth the technologICal propertIes of flour In durum cultlvars, the LMW-l and
LMW-2 glutenm subumts are responsIble for dIfferences m gluten viscoelastiCity
The presence of the LMW-2 glutenm subumt m durum genotypes confers a
supenor qualIty Ongmally, this property ofLMW-2 glutenms was attnbuted to the
presence of ghadms, especIally the component y-45 As the ghadms are monomenc
protems, they do not have an Important function for the formation of gluten Pogna
et al (1988) establIshed that LMW glutenm subumts are the actual cause of strong
gluten vlscoelatlclty, based on the mtralocus recombmatlOn of cv Benllo at the Gh
B1 locus, reported by MargIOtta et al (1987) It IS possible to dlstmgUlsh good and
poor technological flour properties by analysIs of PCR products of LMW
glutenms, y-ghadm, and HMW glutenms (D'OvldlO et al 1992) The objective of
this study was to determme If PCR amphficatlOn of the LMW-I and LMW-2
glutenms IS a more mformatlve selectIOn cntenon m a breedmg program than y
ghadms, HMW glutenms, and conventIOnal quahty analysIs

Materials and Methods

Total genomic DNA was Isolated from fresh leaves usmg the protocol descnbed by
Saghal-Maroof et al (1984), with mmor changes The extract was treated with
RNase to degrade the RNA DNA was quantified usmg a spectrophotometer
(Beckman DU-61) The quahty of the extracted DNA was checked visually on a
1% agarose gel The DNA stock was kept at -45°C

PCR analysIs was conducted on a thermocycler Perkm Elmer 9600 system The
reactIOn mixture (50m) contamed Ix PCR buffer (10 mM TRIS-HCI, pH 83, I 5
mM MgCI2, 50 mM KCI, 0 1 mg/mL gelatme, 100 mM each of dNTP, I umt of
Taq polymerase [all products from Boehrmger Mannhelm], 200 mM ofpnmer, and
50 ng of template DNA The mixtures were subjected to the followmg cycle one
cycle of 94°C for 2 mm utes, followed by 40 cycles of 92 °c for 1 mmute, 60°C
for 2 mmutes, and 72 °c for 2 mmutes, followed by one cycle of 72 °c for 7
mmutes The PCR products were electrophoretlcally separated m a I 2% agarose
gel m Ix TBE buffer and made VISible by ethldlUm bromide stammg

The pnmer used was previously descnbed by D' OVldlO et al (1992) and Pagnotta
et al (1993), accordmg to pubhshed sequences for LMW (Colot et al 1989) and
gamma glJadms (Scheets and Hedgcoth 1988)

Plant Materials Used

Omrabl 5, Hauram, Mrb 9/Haucan, and BlCre 3/Cham 1/GtalStk possess LMW-2
glutenms, Cham 1 (Waha) and Chahba 88/Mrb II possess LMW-I Lmes 204
(Omlahn), 220 (Omrabl 3/Khabur 2), 822 (Hauranl), 1012
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(Gd/Fg/5/Sapl/4/Rabl/3/Ld390//Belle/Tc 2), and 1313 (Helder/ Src 1) are also
advanced durum hnes from the 1993/94 durum yield trials

LMW Glutenin Primer Sequences

5'-ATG AAG ACC TTC CTC GTC TT-3'

5'-C AAC GCC GAA TGG CAC ACT A-3'

Gamma-Gliadin Primer Sequences

5'-ATG AAG ACC TTA CTC ATC CT-3'

5'-ACA TAC ACG TTG CAC ATG G-3'

High Molecular Weight Glutenin Primer Sequences

5'-TCT CAA GAT CCT ATG TTA AT-3-

5'-TGC CCA TAT TGT CTT GCG AC-3-

Results and Discussion

Polymorphism for LMW Glutenins (Glu-B3 Locus)

PCR amphflcatlon of low molecular weight glutenm sequences showed the
presence of three amphfied fragments, rangmg between 900 and 1200 base pairs
The two smaller fragments were umform m all analyzed genotypes The size of the
long fragment differed between genotypes possessmg LMW-l and LMW-2
glutenm subumts (Fig 1a) The amphficatlOn product m genotypes possessmg the
LMW-2 subumts (Omrabl 5, Hauram, Mrb 9/Haucan, and Blcre 3/Cham
l/Gta/Stk) was about 50 bp longer than that found m genotypes possessmg LMW-l
subumts (Cham 1 [Waha] and Chahba 88/Mrb 11) The dIfferentiatIon of
genotypes by specIfic primers for LMW-I and LMW-2 can be confnmed by
conventIOnal protem electrophoresIs

Polymorphism for Gamma Gliadins (Gli-B1 Locus)

For gamma ghadm primers, five major fragments between 750 and 1000 bp were
amphfied (Fig lb) No variatIOn between genotypes was found for two smaller
Sized fragments (800 and 830 bp) and one larger-sized fragment (970 bp) Two
fragments at 900 and 950 bp showed polymorphism between durum wheat
genotypes Cultlvars showmg the amphfied fragment at about 900 bp correspond to
genotypes possessmg ghadm 42, whereas those wIth the amphfied fragment at
about 950 bp belong to genotypes possessmg y-ghadm 45 The two groups
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IdentIfied as y-42 and y-45 genotypes based on PCR ampltficatIOn correspond
exactly wIth the electrophoretIc pattern of the gamma gliadm protem fractIOn m
SDS-PAGE analysIs (results not shown) Waha and Chahba 88/Mrb I I belong to
the group of genotype y-42 vanetIes, whereas Omrabl 5, Hauram, Mrb 9/Haucan,
and Bicre 3/Cham I/Gta/Stk belong to the group of genotype y-45

HMW Glutenin Amplification (Glu-1)

The pnmers used for ampltficatIOn of HMW glutenms (FIg Ic), revealed only one
amplified fragment at about 900 bp, whIch was monomorphIc for all analyzed
genotypes

Some 267 genotypes (mcludmg checks) from the 1994 advanced durum yield tnals
were analyzed (FIg 1) Two hundred and forty four of the Imes amplified for the
LMW-2 genes, and only 23 for LMW-I NeIther 0 alleles or any other alleles,
prevIOusly descnbed for T dlcoccOldes (Pagnotta et al 1993), were found The
poor vanatIOn found for LMW glutemns m durum vanetles and advanced lines
confirm the results of others (D'Ovldlo et al 1992) It also mdlcates the usefulness
of the PCR marker for selectIOn

Some 263 Imes (mcludmg checks) of the 1994 advanced durum yIeld tnals were
analyzed for gamma gliadms Some 235 showed an ampltfied fragment at 950 bp
(correspondmg to 235 Imes with y-gltadm 45), and 28 at 900 bp (correspondmgto
28 lInes wIth y-gltadIn 42) PutatIve recombInants have been IdentIfied
ComparIson with SDS-PAGE must be carned out to confirm the recombmatIOn

The durum wheat breedIng program at ICARDA routInely analyzes qualIty
parameters such as SDS, SDSM, PROT%, TKW (g), and VITOlo for the selectIOn of
parental Imes to be used the followmg year These analyses are complemented by
SDS-PAGE protem and farmogram analysIs Four hundred and fifty SIX genotypes
of the advanced durum yIeld tnals (1994) were analyzed The best Imes for each of
the parameters tested were compared wIth the result of PCR ampltficatlOn of LMW
glutenms or y-gltadms (Table I) In the group of Itnes wIth the hIghest protem
content, Imes wIth LMW-2 and lines wIth LMW-I were found Also m the group
of Imes with the highest SDS values, Imes wIth LMW-2 and Imes wIth LMW-I
were found Only m the group of Imes wIth modified SDS value (SDSM) were no
genotypes wIth LMW-I found Accordmgly, SDSM IS the best parameter to
predIct the potentIal for a strong gluten In cases where amplificatIOn wIth LMW-I
and LMW-2 was not carned out, amplificatIon for y-42 or y-45 was used to
mdlcate the presence of LMW-1 or LMW-2 The y-gltadms 42 and 45 were found
to be genetIC markers of quality (Pogna et al 1990), whereas alleltc vanatIOn for
LMW glutenm subumts-mamly encoded at the Glu-B3 locus, whIch IS about 2
cM from the GIt-B 1 locus 1 7 (SIngh and Shephard 1988)-ls primarIly
responSIble for dIfferences m gluten VIscoelastICIty propertIes (Pogna et al 1988,
1990)
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The analysIs shows that many of the advanced durum hnes developed for the
temperate chmate at ICARDA already possess the genes for strong gluten To
know whether LMW-l or 2 and y-ghadm 42 or 45 genes are present m the durum
germplasm IS an addItIOnal Important parameter, whIch WIll be mcluded m the
routme analysIs of durum germplasm at ICARDA

Table 1. Quality trait analysis in advanced durum lines.
Line SDS SDSM Prot% TKW LMW/Ghadlnt

2
1

2
1

2
950

38
36

35
33

822
1,012

With highest protem content
47 162 399
55 165 329

With highest SOS values
47 123 372
53 159 448

With highest SOSM values
220 36 5 7 16 2 39 9
1,313 37 59 159 377

204
1,316

t 908% of the lines In advanced durum yield tnals had LMW-2
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Figure 1. PCR amplification of genomic DNA of six durum genotypes with
primers: (a) LMW glutenin, (b) gliadin, and (c) BMW glutenin. From right to
left: Mr=size marker, A.-EcoRI-HindIII digest from Boehringer Mannheim,
Omrabi 5 (102), Haurani (101), Waha (116), Chahba 88/Mrb 11 (119), Mrb
9/Haucan (206) and Bicre/Cham 1/Gta/Stk (222).
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Figure 2. Screening of durum lines with LMW peR primers for presence of
LMW-l and LMW-2. From left to right: Lanes 2 and 4 show amplification for
LMW-l, all other lanes show amplification for LMW-2, lane 20 size marker.
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Abstract

Protems accumulated m early and late phases of seed maturatIOn are storage
protems, globulm, and late embryogenesIs protems The storage protems, glutenm,
and glladm (rIch m cysteme), playa major role m technological pasta quality m
wheat by producmg a larger viscoelastic gluten The globulms (low molecular
weight, cysteme-rIch protems), may also contrIbute to quality parameters such as
the surface state of cooked pasta, loaf volume, and crumb structure Many DNA
sequences of these protems have already been characterIzed Correspondmg
protems were classified m two groups one group ofpurIthlOnm (55 kDa) and lipid
transfer proteIns (7-9 kDa) with eight cystemes, and a group of
chloroform/methanol protems (12-15 kDa) and puromdolmes (13 kDa) with 10
cystemes Other protems, the group ofNADP-dependent thlOredoxm-h, also playa
major role m pasta quality Three protems were characterIzed m thiS group NADP,
thlOredoxm reductase, and thlOredoxm-h (12 kDa) The LEA protems may
contrIbute to seed stability and protect embryos and plants agamst deSiccatIOn In
thiS family, dehydrIns are the major protems Four clones of cDNA sequences were
characterIzed (see LabhllIlI et al , thiS proceedmgs), and the protem sequences were
Similar to dehydrms and RAB protems of mono- and dicotyledons plant

Introduction

The protems which make the major contrIbutIOn to wheat quality are well known
to be glladms and glutenms These protems are the major constituents of gluten,
and the Viscoelastic properties of gluten determme to a great extend the quality of
the end products In each of the proposed gluten structure models, much IS
generally made of the Importance of the S-S bonds, but until recently no
mechanism has been proposed to explam the exchange reactIOn between mtra- and
mtermolecular bonds

Accordmg to Osborne's claSSificatIOn, albumms and globulins also eXist beSide the
storage protems These fractIOns contam mamly enzymes and structural protems
Members of these protem families, low molecular weight, cysteme rich protems
(LMW-CRP) are conSidered Important for quality parameters such as surface state
of cooked pasta (Kobrehel et al 1989a, b, 1991), loaf volume, and crumb structure
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The NADP-dependent thlOredoxm system (NTS) reduces both storage protems and
LMW-CRP, after which all reduced protems are able to mteract to realtze the
gluten network

There are two mam phases of gram fillmg the first lasts up to the desiccation
phase and the second starts with gram desICcatIOn to mature gram (Fig 1)
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Figure 1. LEA gene expression during seed maturation.

It IS well known that storage protems are syntheSized durmg the first phase, as well
as most of the albumms and globulms Not much research has been devoted to the
protems which are syntheSized durmg the second phase There IS some eVidence
that protems syntheSized durmg thiS period are more susceptible to environmental
conditIOns than dUring the first phase (Blumenthal et al 1993)

ThiS paper, summarIzmg the results obtamed m our laboratory, IS presented m two
parts The first concerns protems mvolved m technological quality, which are
syntheSized mamly durmg the first phase of gram development, the second one
concerns protems syntheSized durmg the second phase of gram maturation
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Low Molecular Weight Cysteine-rich Protein and NADP
dependent Thioredoxin System: Implications on

Technological Quality

Low molecular weight Cysteine-rich Protein

The dIfferent LMW-CRPs are lIsted m FIgure 2 Begmnmg from the lowest
molecular weIght, they are

• The purothlOnms wIth a molecular weIght of 5 500 kDa and 8 cysteme
reSIdues, they have been known for many years, and It IS belIeved that they
have bactenclde and fungIcIde propertIes

• The hpld transfer protems (LTPs) these range from 7 to 9 kDa m wheat They
also have 8 cysteme reSIdues and In vitro they are able to transfer lIpIds from
membranes to membranes (Dleryck et al 1992)

• The chloroform/methanol protems (CM) wIth a molecular weIght rangIng
from 12 to 15 kDa They have 10 cysteIne reSIdues (GautIer et al 1989,1990,
1991 Joudner et al 1995, LullIen et al 1991a, b) They are members of the
tetramenc a-amylase InhIbItor famJly and probably play some role agamst
msect damage

• The puromdolInes recently discovered, they have a molecular weIght of 13
kDa, 10 cysteIne reSidues (Blochet et al 1993), and are belIeved to playa role
m seed fnabJllty They have very Interestmg emulsIfyIng properties The
pOSSibIlIty of usmg these protems as an addItIve In the food mdustry IS under
study Recent results show that they have antifungal properties (Manon et al
1995)
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Figure 2. Low molecular weight cysteine-rich wheat proteins.

The NADP-dependent Thioredoxin-h System (NTS)

An oXldoreductlOn system, the NADP-dependent ThlOredoxm System (NTS), has
recently been under study m wheat (Kobrehel et al 1991) ThIS system IS
composed of three dIfferent components NADP, NADP-thlOredoxm reductase,
and thlOredoxm-h Itself

Thloredoxms are proteIns, typIcally WIth a molecular weIght of 12 kDa, that are
widely dIstnbuted m the ammal, plant, and bactenal kmgdoms The actIve sIte IS
usually hIghly conserved for all protems with the consensus sequence -W-C-G-P
C- ThlOredoxIns undergo a reversIble redox change through a disulfide group (S
S~2SH)

The seed IS the only tIssue for which NTS has been ascnbed a functIOn In plants
PrevIous studIes have shown that thlOredoxm IS able to reduce the purothlOnms
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already mentIOned More recently It has been demonstrated that NTS IS also
capable of reducmg members of other protem familIes, such as the a-amylase and
trypsm mhlbltors, as well as storage protems (Kobrehel et al 1992) Present
eVidence, obtamed mamly with wheat, suggests that thlOredoxm-h functIOns as an
early signal m germmatIon Simultaneously, the major storage protems and CRP
are reduced (10 particular, reductIOn of protem mhlbltors neutralizes their activity
towards their target enzymes), and the protems are more susceptible to hydrolysIs

There IS now eVidence that NTS selectively reduces the mtramolecular disulfide
bonds of flour protems (I e , glutenms, glIadms, and CRP), which then undergo a
serIes of sulfhydryl/disulfide mterchange reactions that result m the formatIOn of
new mtermolecular disulfide bonds In thiS manner, NTS appears to promote the
formatIOn of the gluten network, thereby enhancmg the quality of the final baked
product (Buchanan et al 1992, Wong et al 1993)

Figure 3 Illustrates the possible mteractlOns between the different components and
quality parameters Results obtamed with two families of CRP (the CM-protems
and the lipid transfer protems) Illustrate the type of data that can be obtamed usmg
molecular bIOlogy tools

• Several cDNA clones encodmg these proteIns were Isolated These CRPs were
syntheSized as precursors of larger molecular weight, with a molecular mass of
mature proteIns of 7-16 kDa They all contaIn 8-10 cysteInee reSidues These
cDNAs could be used as molecular markers (RFLP, maps, QTL)

• DUrIng seed development, the probes were used to follow the pattern of
accumulatIOn of mRNAs specific for each protem It was then possible to see
that mRNAs correspond109 to CM proteIns accumulate between 10 to 24 DAF,
those correspond109 to LTP appear later, between 24 to 34 DAF

• The Isolated cDNAs were used to produce the correspondmg protem In
heterologous hosts, such as E coil or yeast (Gautier et al 1994, LullIen
PellerIn et al 1994) It IS also possible to modify the sequence by Site-directed
mutagenesIs, after which the recombmant protems are used for structural
analysIs (such as RMN or X-ray crystallography) and for structure-function
study

The object of thiS work IS to have both a better knowledge of the In VIVO role of
these protems, and to prepare the way to transgenic cereals with Improved
technological properties

BeSides those CRP families believed to be directly Involved In the technological
quality of wheat, other families of protem syntheSized at the end of gram
maturatIOn are of mterest These late embryogenesis-abundant proteIns (LEAs) are
syntheSized when the deSiccation phase starts (Fig 1), that IS to say, when the
accumulation phase IS fimshed If these protems are Implicated 10 hydrIC stress
tolerance, It IS also probable that, depending on their level of syntheSIS dUrIng the
deSiccatIOn phase, they could Influence technological quality
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Figure 3. Role of low molecular weight cysteinee-rich protein in the
technological quality of wheat.

Late Embryogenesis-abundant Proteins: the Dehydrins

Of the cultIvated plants, Triticum turgldum subsp durum (often grown under
lImIted water condItIOns) provides an attractive system for studying drought
tolerance because of Its natural genetic vanatlOn for thiS character In order to
understand the physIOlogical mechamsms of adaptation to drought and Identify
molecular markers, a study of genes Induced by water stress was undertaken In T
durum Attention was focused on genes codmg for dehydrms belongmg to group 2
of LEA protems

Four cDNA clones codmg for dehydrm (TdDHN) were Isolated and charactenzed
TdDHN15 and 16 showed sequence slmllanty with T aestlvum RAB, and
TdDHN9 6 showed sequence slmllanty with T aestlvum COR proteins More
details concernmg the IdentIfied clones are gIVen m Mustapha Labhlhh's paper

Companson of the accumulatIOn of dehydrln transcnpts m T durum cultlvars
varying for tolerance to drought shows that drought-sensItive cultlvars respond
faster to dehydratIOn than drought-tolerant cultlvars However, the level of mduced
transcnpts decreases more rapIdly when the stress contmues

The applIcation of exogenous ABA Induces accumulation of dehydrm transcnpts
m roots and shoots of sensitive and tolerant cultlvars.
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Usmg the PCR techmque, we found two dehydrm genes (Tddhnl and Tddhn2) m
diploid ancestor wheats presumed to be donors of genomes A, B, and D This
mdlcates that T durum dehydrm genes were mamtamed durmg the course of wheat
evolutton Nevertheless, these two genes have evolved separately

Perspectives

Research will contmue m four mam areas

• The IsolatIOn of a full set of water-stress-mduced genes by a dlfferenttal
screemng of the hbrary IS underway The clones will be classified mto different
famlhes, and the sequence of one clone from each family will be carned out m
order to Identt:f)r the encoded protems

• In order to venfY and extend the relatIOnship between the accumulation of the
dehydnn transcnpt and the drought tolerance of Triticum durum, a larger
number of cultlvars and plants at a more advanced stage will be tested

• The Isolated cDNA clones are potenttal molecular markers for drought
tolerance to be used m wheat breedmg programs studymg the genetic
vanablltty (by RFLP) of different cultlvars and lookmg for water-stress gene
RFLP alleles

• If, as hypothesized, LEA protems playa role In protectmg plant tissue dunng
dehydratIOn, the accumulatton of protem m water-stressed wheat must be
momtored

Conclusion

The transfer of new and useful genes endows seed with novel properties Changmg
gene regulatton or mtroducmg genes from other species to raise the level of
protems with the reqUIred properties (higher nutnttonal value, better technological
properties) should result m medIUm-term benefits Ifwe wantto mampulate protem
composition by genettc engmeermg we must find out how protem syntheSIS IS
regulated dunng seed development To study the regulatIOn of genes codmg for
these sulfur-nch protems It IS necessary to Isolate and charactenze the
correspondmg genes, then to perform promotor analySIS Such studies are
underway on a barley gene codmg for the CMd protem

BeSides these mam alms, the Isolated genes could be used as probes for (Fig 4 )

• The establIshment of wheat genetic map

• The study of genettc vanablhty (by RFLP or RAPD techmques, for example)
m different cultlvars, and the search for RFLP alleles or QTL m wheat
breedmg programs
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(CONCLUSIONS)
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Figure 4. Analytical approach to gene tagging, expression, and transformation.
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Abstract

DNA sequences of durum dehydrm genes pTd27e, pTdl6, pTd25a, and pTd38
were charactenzed and compared with the sequences of dehydnn and RAB genes
of other cereal crops Structure, conformatIOn, and physiological role of durum
dehydrm protems were detailed CorrelatIOns between the expressIOn of dehydrms
genes and drought tolerance were studied m three tolerant and one susceptible
durum genotypes

Introduction

Durum IS an Important crop for food productIOn m the Mediterranean basm It IS
used for many local specialitIes such as couscous, burghul, spaghetti, bread, etc
Durum IS grown m and and semi-and zones, particularly where drought IS the most
prevalent ablOttc stress

To select for drought tolerance (or resistance), morpho-physiological traits as well
as prolme, sugar, and ammo aCid content, are used as selectIOn tools durmg
growth Late embryogenesis-abundant protems (LEAs) and DNA markers (RFLP,
PCR) have surfaced recently as Important alternattve selectIOn tools

The LEA protem IS a major protem, abundant m dry seed (Blackman et al 1991)
Its accumulatIOn 10 the seed starts dunng desiccatIOn and ends after germmatlOn
(Baker et al 1988, Close et al 1989) Dur10g deSIccatIOn, cell embryos develop a
high capaCIty to survive under drought stress (Thomann et al 1992)

Four groups 10 the LEA family are charactenzed below (Galau et al 1993, Dure et
al 1989)

ThiS group 10cludes the Em protems of durum and D19 of cotton The nucleiC
aCId sequences of these protems are Similar to each other

2 ThIS group 10cludes RAB protems and dehydr10s The protems 10 thiS group
have many conserved sequence charactenstIcs

3 ThiS group mcludes protem D7 of cotton and the LEA protem of ncm The
protems of thiS group are charactenzed by a repetitive consensus II-mer,
"TAQAAKQKTSE" sequence
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4 ThIs group mcludes LEA protems 5 and 14 of cotton These protems are
slmtlar to the LEA protems of group two but the sequences are more
hydrophobIc

Group two IS the most Important The protem sequences of the famIly members are
slmtlar There IS no cystemee, no tryptophane, and they are very nch m glycme
(more than 20%) and threonme (8-10%) Their molecular weight IS varIable and
theIr Isoelectnc pomt (IP) IS basIc (Labhlltlt et al 1995) These protems are
synthesized durmg desIccatIOn m seed In roots, leaves, and embryos they can be
produced after drought (Labhlltli et al 1995), or cold stress (Guo et al 1992,
Houde et al 1992) LEA protems can be regulated eIther by absclslc aCId (ABA) or
by different abIotic stresses (Roberton and Chandler 1992, Sknver and Mundy
1990)

The aIm of our study was to compare the expressIon of durum dehydnn and cereal
RAB protems under drought stress The correlatIOn between the expressIOn of thiS
durum dehydrm gene and drought tolerance was studied m four durum wheat
genotypes

Materials and Methods

Durum seed was stenlized and germmated m petrI dishes for three days and then
stressed m a desiccator as descnbed by Close et al (1989) for different perIods of
time The RNA was extracted from 05 g of fresh materIal (coleoptlles and roots)
or from 109 of dry seed (Chlrgm et al 1979, Chomczynskl and Sacchl 1987) and
separated by agarose gel electrophoresIs under denaturmg condItIons (Kroczek and
Siebert 1989) The RNA was bound to Hybond N+ membranes after alkaline
transfer Radioactive labelmg of probes was done by random prImmg (Amercham)
wIth P32 Hybndatlon and washmg of membranes were carned out as deSCrIbed
Mamatts et al (1989)

Poly A+ mRNA was punfied by oligo dT cellulose column chromatography A
cDNA Itbrary was constructed usmg the SuperScnpt PlasmId System for cDNA
SyntheSIS and Plasmid Clonmg kit (BRL1 as per manufacturer's dIrectIOns ThiS
library was screened wIth cDNA clone HVDHNB 18 of barley (Close et al 1989)
IdentIfied clones were Isolated and amplified m E coli PlasmId DNA was pUrIfied
by alkaline lySIS (Stephen et al 1990) DNA sequencmg was carned out wIth the
cham termmator reactIOn techmque accordmg to Sanger et al (1977) The DNA
sequence was determmed with the automatIc sequencer system (Applted
BlOsystems, ABI 377) and the nucleIC sequences were analyzed with Microgenia
(Beckman) and PCgene (Intelltgenetlcs) software

Durum lmes were tested m 1985 In 29 locations m the MedIterranean region
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Results

Characterization of Dehydrin Genes in Durum

In durum, four cDNA clones (pTd27e, pTdl6, pTd25a, and pTd38) were
charactenzed (LabhI11l1 et al 1995) The nucleIc sequences contam translated and
non-translated 3' and 5' domams The translated sequences start with a methlonme
codon ATG and finIsh wIth TGA or TAA codon stops LIke many plant genes
(HeIdecker and Messmg 1986, Hunt et al 1987, Messmg et al 1983), and m
partIcular cereal genes (Close et al 1989, Mundy and Chua 1988, Vllardell et al
1990), dehydnn genes have one or more potentIal polyadenylatton recognItIOn
sequences-AATAAT, AATAAAG, or AATAAA-WIth a vanable dIstance
between recognItIon sIte and codon stop (Labhlhlt et al 1995) Codmg regIons also
show sIgnIficant GC (more than 25%), and more than 75% of codons have the
XXG/C sequence (LabhIltlt et al 1995) Accordmg to Feucher (1989) and Murray
et al (1989), codons wIth the sequence XXG/C are strongly expressed If the
percentage of these codons IS hIgh m the translated sequences

Characterization of Durum Dehydrin Proteins

Protems Tddhn 15, Tddhn 16, and Tddhn9 6 (Td=Tntlcum durum, Dhn=dehydrm
gene) are deduced from the nucleIc sequences pTd27e, pTdl6, pTd25a, and pTd38
of durum, respectIvely (LabhIltlt et al 1995) These protems are sImilar to the LEA
protems of group two LIke all exammed dehydrms and RAB protems of group
two, durum dehydrms contam many conserved sequences We found the consensus
sequence ME(F/Y/H)QG m the ammo termInal extremIty, and we found the
consensus sequence TGEKKGIMDKIKEKLPGQH (domaIns 5 and 6) In the
carboxyl-termmal ammo aCId extremIty Between those extremItIes we found one
consensus sequence, DEYGNP (domam 1), which IS charactenstIc of all dehydrm
and RAB protems After thIS sequence, there IS frequently one sequence of 7-8
succeSSIve senne reSIdues IL(H/Q)RSGSSSSSSSSEDD (domam 2) ThIs sequence
IS mISSIng In Tddhn96 of durum and PEADHN of pea (LabhIlIh et al 1995,
Roberton and Chandler 1992) Close to thIs sequence, there IS a consensus
sequence, GMGGR(R/K)KKG(M/I)(K/M)(D/E)KIKEKLPG(G/-)QH (domams 3
and 4), very sImIlar to the carboxyl-termmal ammo aCid sequence Another seml
preserved consensus sequence, TGG(A/T)YGQQGHTG, IS present The copy
number of thIS sequence IS vanable

Comparison of Durum Dehydrin Proteins to Dehydrin and RAB
Proteins of Others Cereals

Amino acid composition
The dehydrm protem ammo acid composition of durum (Labhiltlt et al 1995), and
protem HVDHN 18 of barley (Close et al 1989), ZMDHM3 and ZMDHM 17G of
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maize (Close et al 1989, VIlardell et al 1990), OSRAB21 ofnce (VIlardell et al
1990), and TARAB and TARAB15B of bread wheat (Kmg et al 1992) IS similar
(Table 1) These protems have no cystemee, no tryptophane, but high contents of
glycme Moreover, TddHn9 6 IS very nch m threomne but lackmg 10 tyrosme,
argmme, and phenyl alanme The molecular weight of all these protems vanes and
the Isoelectnc pomt IS usually baSIC The Isoelectnc pomt IS aCid and the molecular
weight IS low only for TDDHN9 6 of durum wheat and PEADHN of pea The
ammo aCId compOSitIOn of durum dehydnn and RAB protem of bread wheat IS
similar

Similarity between durum dehydrins and dehydrins and RAB proteins of
others cereal
The sImilanty among dehydnn protem sequences (Tddhn 15 and Tddhn 16) of
durum, and dehydnn protems of barley (HVDHN18, HVDHN8, HVDHN9), maize
(ZMDHM3, ZMRAB 17G), nce (OSRAB21), and bread wheat (TARAB,
TARAB 15B) IS hIgh (Table 2) ThiS sImllanty IS higher between durum wheat
dehydrms and bread wheat RAB protems, partIcularly between Tddhn 15 and
TARAB, and between Tddhnl6 and TARABI5B The slmilanty of the nucleic
aCid sequence of cDNA clones pTd27e and TARAB IS 89 3% The translated
sequences of these two sequences are Identical, except that three guanme bases are
mserted at positIOns 129, 146, and 205 10 pTd27e These msertlOns mduce a
structural change of the protem Tddhn 15 at posItIons 25, 60, and 123

The similanty between the nucleiC aCid sequences of pTd 16 and TARAB 15B IS
75 6% The 3' and 5' non-translated sequences are very different The translated
sequences are Identical except for the msertlOn of two sequences (132 and 108 bp)
mto TARAB 15B The sequences of these two fragments correspond to the
repetitIve sequence TGGTYGQQGHTGM of TARAB 15B ThiS sequence IS
repeated seven tImes 10 TARAB15B and twice m Tddhn16

There IS a high slmllanty between HVDHNB18 of barley and durum dehydrms
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Table 1. Amino acid composition (%) of durum dehydrins (TddhnI5, Tddhn16, Tddhn9.6) (Labhilili
et a1. 1995), barley dehydrin (HVDHNI8) (Close et a1. 1989), wheat TARAB proteins (TARAB,
TARABI5B) (King et a1. 1992; Joshi et a1. 1992), maize (ZMDHN3 ZMRABI7G) (Close et a1. 1989;
Vilardell et a1. 19911 ~nd rice (OSRAB21) (Mundy and Chua 1988).

woo

Barley Maize Maize Rice Bread wheat Bread wheat
HVDHN18 ZMDHNM3 ZMRAB17G OSRAB21 TARAB TARAB15

Arg 27 30 42 37 74 35
Cys 00 0 0 0 0 0 0 0.0 0 0
Gly 298 27.5 274 252 208 299
His 7 6 7 8 7 1 6 1 4 7 6 9
Lys 4 9 7 8 7 7 8 0 8 1 5 2
Phe 0 0 0.6 0 6 0 6 1 3 0 4
Ser 36 54 54 55 67 35
Thr 129 78 83 141 60 147
Try 0 0 0 0 0 0 0 0 1 3 0 0
Tyr 44 3 0 3 0 1 2 2 0 3 9
MM Da 22,574 16,955 17,161 16,543 15,766 23,229
PI 889 904 967 1000 1059 968

MM=molecular weIght, PI=lsoelectnque pOint

Durum
Tddhn15

40
00

253
53
87
1 3
60
60
00
20

15,163
1016

Durum
Tddhn16

25
00

23.4
57
82
13
63
82
00
25

15,958
9.73

Durum
Tddhn96

00
00

237
108
97
00
1 1

172
00
00
9662
695



Table 2. Similarity (%) between durum wheat dehydrins (Tddhn15, Tddhn16,
Tddhn9.6) and dehydrin and RAB proteins of barley (HVDHN18, HVDHN8,
HVDHN9), wheat (TARAB, TARAB15B), maize (ZMDHM3, ZMRAB17G), and
rice (OSRAB21).

Tddhn15 Tddhn16 Tddhn96
Tddhn15 100
Tddhn16 648 100
Tddhn96 667 731 100
HVDHN18 786 841 796
HVDHN8 734 741 51 6
HVDHN9 692 741 570
ZMDHM3 767 747 634
TARAB 879 678 656
TARAB15B 780 860 796
OSRAB21 754 709 667
ZMRAB17G 76 728 656

Alignment of durum. dehydrin proteins, and dehydrin and RAB proteins of
others cereals.
The ahgnment of the protem sequences of dehydrms and RAB protems of cereals
shows SIX hIghly preserved domams (FIg 1) The protem sequences consIst mamly
of domam 1 (DEYGNP), whIch IS typIcal for dehydrm and RAB protems, domam
2 (lLHRSGSSSSSSEDD), wIth SIX successIve senne resIdues, domaIn 3
(GMGGRRKKGIKE), whIch IS nch m glycme, threonme, and Iysme, domam 4
(KIKEKLPGG), domam 5 (TGEKKGIMD), and domam 6 (KIKEKLPGQH) m the
carboxy-termmal extremIty

Domams 2,3, and 4, and domams 5 and 6 form two blocks wIth 37 and 9 ammo
aCIds, respectIvely These blocks are hIghly preserved In dehydnn and RAB protem
of cereal (Close et al 1989, Guo et al 1992, Labhlhh et al 1995) and other crops
such as cotton (Baker et al 1988, Due et al 1989, Galau et al 1992a, b, 1993),
soybean (Chen et al 1992), and the resurrectIon plant Craterostzgma plantagmeum
(PIatkowskI et al 1990)

Between domaInS 4 and 5 we found a semi-preserved sequence,
TGGTYGQQGHTGM The copy number of thiS sequences IS vanable ThiS
vanatlon charactenzes each protem and IS also responsIble for the vanatlOn of the
molecular weight of the protem ThiS sequence IS present m Tddhn 15 of durum,
TARAB of bread wheat, OSRAB21 of nce, and HVDHN8 and HVDHN9 of
barley In Tddhn 16 of durum, and ZMRAB 17G and ZMDHM3 of maize, It IS
represented one time It IS represented five times In HVDHN 18 of barley and seven
times m TARAB15B of bread wheat The ammo termmal extremItIes of those
proteins are sImIlar The consensus sequence of this extremity IS ME(FN/H)QGQ
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Figure 1. Alignment of durum wheat dehydrin (Tddhnl5, Tddhnl6) (Labhlllli
et a1. 1995), barley dehydrin (HVDHN8, HVDHN9, HVDHNI7, HVDHNI8)
(Close et al. 1989), wheat TARAB proteins (TARAB, TARABI5B) (King et at.
1992; Joshi et al. 1992), maize (MDHN3 ZMRABI7G) (Close et al. 1989,
Vllardell et at. 1991), and rice (OSRAB21) (Mundy and Chua 1988). Domains
1, 2, 3, 4, 5, and 6 in the box show sequences preserved in most dehydrins and
RAB proteins of LEA protein group 2. Underlined sequences are semi
preserved. Numbers show position of amino acid in protein; (*) represents
amino acid preserved; (.) represents amino acid similar; (-) represents amino
acid absent. The simllar amino acids are A, S, T; D, E; N, Q; R, K; I, L, M, V; P,
Y, w.

Structure and conformation
LEA protems of group 2 are hydrophIle and have no hydrophob extremity They
are soluble m a salt solutIon (50 mM KCI) and stable at high temperatures For thIS
reason, thIS group cannot be a structural part of a cell organelle (Baker et al 1988)
PredIctIOns of the structure of these protems (GarnIer et al 1978, Chou and Fasman
1979) mdlcate an a and 13 heltx, and a turn zone (Goday et al 1990) (FIg 2) The
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a-hehx corresponds to the hydrophile sequences (domams 3, 4, and 6), the 13
structure to the hydrophob sequences, and the tum zone to domains 1 and 2
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Figure 2. Predicted structure of conserved domains of durum dehydrins
(Tddhn16. Tddhn15). barley dehydrins (HVDHN17, HVDHN18. HVDHN8,
HVDHN9). maize dehydrin (ZMDHM3). maize RAB protein (ZMRAB7G). and
rice RAB protein (OSRAB21). (+) represents amino acid acid; (-) represents
amino acid basic; and (0) represents amino acid hydrophobs.

FIgure 2 shows the a-helIx correspondmg to preserved domams 3, 4, 5, and 6 In

cereal dehydrm and RAB protems These two a-helIxes are amphophIl (Baker et al
1988, Due et al 1989, Goday et al 1990) The tertiary structure of the protem has
not yet been determmed The proteins are presumed to be filamentous (Baker et al
1988) or amorph (Roberton and Chandler 1992) These protems are found In

cytoplasm and not In membranes

Study of Durum Dehydrln Gene Expression

The expressIOn of dehydrm genes was studied under the same environmental
condItIOns m roots and shoots of young durum plants four days after desIccatIon
The accumulatIOn of mRNA (FIg 3) starts after 30 hours of deSIccatIon and IS
mcreased by drought stress The accumulatIOn of dehydrm mRNA In roots and
shoots of the susceptIble genotype Tomclalr was hIgher after 30 hours of
desiccation than 10 the resistant genotypes BelIkh 2, Durelle, and Waha (Cham I)
However, after 67 hours of deSIccatIon, thiS accumulatIOn was hIgher 10 the
resIstant genotypes Companson of the resistant genotypes shows that the
accumulatIon was hIgher m BelIkh 2 than In Durelle and Waha
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Correlation Between mRNA Accumulation and Field Performance.

The field performance at 29 locations m dry areas was correlated wIth mRNA
accumulatlOn (FIg 3) m Behkh 2 and Cham 1 (Table 3) The agronomlcal
performance of Behkh 2 m thIS envtronment was better than Cham 1 Gram yIeld
and the stablhty parameters SDS and R were better m Behkh 2 than m Cham 1
Also, the accumulatIOn of mRNA after 67 hours of deSIccatIon was hIgher m
Belikh 2 than m Cham 1 (FIg 3) From a companson of field performance and
dehydrm mRNA accumulatIOn, we conclude that Behkh 2 IS more drought tolerant
than Cham 1, Durelle, and Tomclatr Therefore, It seems to be possIble to use
dehydrm mRNA accumulatlOn as an mdtrect marker to select drought tolerant and
susceptible genotypes

30 h 67 h

WB D T W BOT
01--+-+-+-+-+-+-+-

I.'''·' . Roots

Shoots

Figure 3. Accumulation of a dehydrin transcript after desiccation in roots and
shoots of young plants of tolerant varieties Belikh 2 (B). Durelle (D). Waha
(W). and susceptible variety Tomclair (T). Twenty Ill" of total RNA was loaded
in the agarose denatured gel (Kroczek and Siebert 1989). Thirty and 67 hours
represent duration of desiccation; (+) represents plants grown under normal
conditions; and (-) represents plants grown under stress conditions.

Table 3. Field performance of Belikh 2 and Cham 1 at 29 locations.
Genotype Grain Yield Stability parameters

~~a R SDS
Bellkh 2
Cham 1
Trial means
LDS
CV
No of locations

4,028 08 53
3,526 132 69
3,640
217
154
29
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Discussion
Under desIccatIOn, plants lose large quantIties of water, particularly at the mItlal
stages Later, water content 10 the plant reaches eqUlhbnum wIth the environment
DeSiccatIon also mduces the accumulatIOn of dehydrm transcnpts 10 the roots and
shoots of the stressed plants, as well as 10 the seed The speed of accumulatIOn IS
fast in germmatmg seeds and slower 10 roots and shoots (but not slow) ThIs
dIfference IS probably due to differences 10 the cell regulatIon of vanous tIssues
Decrease of dehydrm mRNA accumulatIOn 10 shoots IS hnked to cessatIOn of
growth or degradatIOn of mRNA (Creelmen et al 1990) or a cessatIOn of mRNA
translatIOn 10 seeds and roots (Roberton and Chandler 1992)

Durum wheat dehydrms are sImIlar to dehydnns and RAB protems of other crops
They are IdentIfied 10 monocots and dicots after deSiccatIOn, osmotic stress, and
cold stress, as well as after treatment of roots, shoots, and seed followmg
germmatlOn wIth ABA, and durmg seed maturatIon (Due et al 1989, Galau et al
1992b, Kmg et al 1992a, Kusano et al 1992, LabhIlIh et al 1995, Mundy and
Chua 1988, Vilardell et al 1990) Many sequences are preserved 10 these protems

AccumulatIOn of dehydrm mRNA 10 seed dunng maturatIOn, and 10 the plant after
drought or cold stress, mcreases under stress (LabhIlIh et al 1995, Kmg et al
1992a) This mcrease IS different for susceptible and tolerant genotypes In tolerant
genotypes the accumulatIOn IS more Important

AccumulatIOn of dehydrm mRNA IS similar 10 dry areas and under drought stress
ReSIstant genotypes have good performance and more accumulatIOn of dehydnn
mRNA after long stress From this It IS possible to conclude that dehydnn genes are
regulated by stress The product of expressIon of this gene IS correlated with
drought-stress tolerance

The supposed structure of this protem IS filamentous or amorphous The high
percentage of glycme gIves the protem more flexibilIty and mobility

The phYSIOlogic role of LEA protems has not been determmed It IS possible that
amphophil structures Imk them to water and other solutes when the plant IS under
drought stress This can protect the crop from deSiccatIOn and help It to survive
drought stress

Cold stress has the same effect on cell water content The water freezes and mduces
deSiccatIOn of cells It IS possIble that protem mduced by cold or deSiccatIOn has
the same physIOlogic role protectmg the cell of the plant agamst deSiccatIon

We suggest the role of these protems IS as an osmoprotectant agamst drought and a
cryoprotectant agamst cold
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Treatment wIth exogenous ABA mduces expression of dehydrm genes In roots and
shoots (In equal proportIon) of susceptIble and resIstant genotypes (Labhllih et al
1995). RegulatIOn by ABA IS the same In both tolerant and susceptIble genotypes,
but under drought stress the regulatIon IS dIfferent Vllardell et al (1991) suggest
two ways of gene regulatIOn under stress one dIrectly controlled by stress, the
second under ABA control
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Abstract

The SEWANA regIOn (southern Europe, western ASIa, and northern Africa) IS an
Important area for durum, which covers more than 75% of the land under
cultivatIOn Durum IS grown for human consumptIOn as pasta, burghul, COUSCOUS,
frekeh, and bread Because of thiS, high gram quality IS essential Gram quality IS
affected by the quality and quantity of the gluten protems glIadms and glutenms
The paper focuses on the Importance of gluten protems for gram-quality
Improvement, as well as on a prelimmary study of the genetic variability of gliadm
components by factorial correspondence analysIs (FCA)

Introduction

SEWANA mcludes all the countries on the Mediterranean basm, a region which IS
extremely Important for durum wheat In fact, more than the half of the total land
under durum cultivatIOn IS m this regIOn (Nachlt et al 1987) Durum wheat,
Triticum turgldum subsp durum, IS used primarily for human consumptIOn 10

products such as pasta, burghul, COUSCOUS, frekeh, and bread (EI Haramem et al
1993) Pasta IS the malO durum product 10 the world, but not 10 WANA Whatever
the end product, the same quality properties are reqUired, except for bread

Durum wheat has a better pasta-makmg quality than any other Trztlcum speCies,
due to ItS rheological properties ThiS IS so even If large variability eXists between
cultlvars Durum gram quality IS defined by rheological properties such as
consistency, elastiCity, flour color, resistance to dlsmtegratlOn, and retention of a
firm structure durmg and after cookmg (Fed let 1984, Autran 1985) These
Important economical characteristics of gram quality are strongly effected by the
quantity and quality of the gluten protems gliadm and glutenm

Protem content IS another Important factor m gram quality It IS affected by
environmental conditions such as temperature and ramfall, as well as soil fertility
and Oltrogen supply However, high protem-content doesn't mean good pasta
makmg quality Therefore, the role played by the protems IS fundamental to a good
end-product, because the compOSitIOn and mteractlOn of the seed storage protems
determme gram quality (lmpiglia et al 1993) Durmg the last two decades,
sCientists have focused their attention on the compositIOn, variability, and effect of
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these protem fractIOns (Kasarda et al. 1976, Porceddu et al 1983, Shewry et al
1985, Bietz et al 1987, Shepherd 1988, Wrigley et al 1988)

The storage protems are traditIOnally divided 10 two malO groups-glIadms and
glutenlOs-accord109 to their solubilIty 10 different solvents (Osborne 1907)
GlIadms, soluble 10 alcohol/water mixtures, are monomenc protem molecules
which have been diVided mto four subgroups-a, b, g, and w-accordmg to their
relatIve mobIlIty on polyacrylamide gel at aCId pH They are coded by clusters of
tightly associated genes, actmg lIke smgle genes, located on the short arms of
homeologous chromosomes 1 and 6 of the A and B genomes of durum wheat
(Lafiandra et al 1983) Glutenms, soluble 10 alkalme or aCidIC solutIOns, are
composed of several polypeptidic subUnIts Jomed by mtermolecular disulphide
bndges They are diVIded mto hIgh and low molecular weight glutenm subUnIts
(HMW-gs and LMW-gs) accord109 to their molecular weIght Genes codmg for
HMW-gs are located on the long arms of chromosomes 1A and 1B (Payne et al
1980) Those for LMW-gs are on the short arms of chromosomes 1A and 1B

In the past, breeders used an mdIrect selectIOn method for gram qualIty
Improvement If we look at the frequencies of LMW-2 and glIadm y-45, which
express strong gluten, we see that they are much higher than LMW-1 and glladm y
42, which express weak gluten (Figs 1 and 2)

LMW-2
79%

Not defined
1%

LMW-1
20%

Figure 1. Low molecular weight glutenin subunits (LMW-gs) in a SEWANA
durum wheat collection.
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NONE OR BOTH
6%

TYPE 42
20%

TYPE 45
74%

Figure 2. Gliadin components 42 and 45 in a SEWANA durum wheat collection.

SelectIOn for gram qualIty usmg polyacrylamIde gel electrophoresIs (PAGE)
methods for storage protems began m the late 1970s

Due to theIr hIgh level of heterogeneIty, determmed by the genotype, the seed
storage protems can be utIlIzed for vanous studIes e g to measure genetIc
dIversIty, to assess varIatIOn m populatIOns, to study the mIgration of specIes from
centers of dIversIty, to detect off-types m pure seed productIOn, and to Improve
gram qualIty m cereals

Several approaches for the assessment of genetic dIversIty are avaJiable Morpho
physIOlogIcal characters show the presence of consIderable vanatlOn (Porceddu et
al 1984, Spagnoiettl ZeuII et al 1984) Molecular and bIOchemIcal markers also
show vanatlOn m cereal populatIOns (CJaffi et al 1993, Lagudah et al 1987, Nevo
et al 1987), reflectmg more dIrectly the mdependence of the genotype from
envIronmental effects

In thIS study we focus our attentIOn on two Important aspects of seed storage
protems FIrst, the Importance of seed storage protems m gram quailty
Improvement Second, the utIlIzatIOn of polymorphIsm m the giiadm components
to assess vanatlOn between populatIOns of T turgldum subsp durum ongmatmg In

SEWANA

Materials and Methods

Forty seven populatIOns orIgmatmg m SEWANA were utIlIzed In thIS study (Table
I) Giiadm protems were extracted from smgle seeds derIved from spIkes collected
at random WIth 15M dImethylformamlde (DMF) and fractIOnated at pH 3 I m
alummum lactate buffer by polyacrylamIde gel electrophoresIs (A-PAGE)
accordmg to Khan et al (1985), WIth mmor modIficatIOns Twenty seeds were
analyzed for each populatIOn
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The relatIve mobihty of each band was calculated usmg two reference bands, 42
and 45 of the durum cultlvars Waha and Konfla, respectIvely EIther or both
cultlvars were used to provIde standard reference electrophoregrams for every
PAGE run

Gram quahty characters for the 47 populatIOns were evaluated m the Cereal Quahty
Laboratory at ICARDA for the followmg traIts 1,000 kernel weIght (TKW),
vltreousness (Vltr), flour color (FC), sedImentatIOn SDS test (SDS), sedImentatIon
SDS mdex (SDSI), and sedImentatIOn SDS modIfied mdex (SDSml)

Table 1. Populations and their origins.
Entry
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Landraee
Guemgoum

PoI/Ze b
Casoar
MBB

Hedba
IC 17329
IC 1292

Pan s501
PM s5021
IC 12060

Cannlzzaralta
S Cappelhlta
Joreol164
IC 20062
IC 19941
IC 20074
IC 20121
IC 19917
IC 19935
IC 7682
TE 8304
Javardo

Haur Ayob
Akbash

Nab Jam

Ongln
Aig
Aig
Aig
Aig
Aig
Aig
Cyp
Cyp
Cyp
Egy

Jor
Mor
Mor
Mor
Mor
Mor
Mor
Prt
Prt
Prt
Syr
Syr
Syr

Entry
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Landraee
Bladl

Bal Hamra
Shahba
Paramo

IC 18004
IC 17815
IC 17729
IC 6201
Meneekl
IC 5971
AD16

IC 20499
IC 20502
IC 20663
IC 20429
IC 20514
IC 20260
IC 20969
Hamman

Granadlno
San

Kazene

Syr
Syr
Syr
Spa
Tun
Tun
Tun
Tun
Tur
Egy
Fra
Gre
Grc
Gre
Gre
Gre
Gre
Jor
Syr
Spa
Tur
Tur

Seed Storage Proteins for Grain Quality

The findmgs of two recombmant hnes at the Gh-B1 locus (MargIOtta et al 1987,
Implgha et al 1993) have Identified the role of the LMW glutenms (whIch are the
smallest subumts takmg part m the dIsulfide cross-hnked matnx) m determmmg
pasta-makmg quahty m durum wheat The only genetic markers closely hnked WIth
LMW-1 and LMW-2 are the y-ghadm components 42 and 45, respectIvely
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In our study, we analyzed the 47 SEWANA populatIOns electrophoretlcally for
LMW-l and LMW-2, and also for the major gram-quality traits The results are
shown m Table 2 High values for SOS, SOSI, and SOSml showed a strong
correlatIOn with the presence of LMW-2, while low values were assOCiated with
LMW-l

As for the other gram quality characters analyzed, we observed no slgmficant
differences between the two allelic forms of LMW glutenm subumts m the
SEWANA durum populatIOns

Multivariate Statistical Analysis

The migratIOn electrophoretiC pattern for the gliadm component of each population
was considered as a vector The outcome matrIX was a two-dimensIOnal
contmgency table (mdlvldual x protem component), where each accessIOn was
descrIbed by a set of 0 and 1, accordmg to relative mobility, and the presence or
absence of each component FactOrIal correspondence analySIS, proposed by
Benzecrl m 1973 and later desCribed by Barral (1986) was used as a multivariate
statistical approach to study the genetic variability of the gliadm components
wlthm and between populatIOns

FCA IS a weighted prmclpal component analySIS of a contmgency table It
delmeates the distributIOn of the orlgmal data as dispersIOns from a common
centrOid and establishes the relative POSition of each orIgmal observation In the
present study, the descrImmant on the prmclpal components desCrIbes, by
canomcal varIables, the variability of the different protem components between
populatIOns

Correspondence analySIS allows a graphical representatIOn of the aSSOCiatIOn
between the rows and columns of a table, based on the spectral resolutIOn of the
matrices The method can be applied for any kmd of data that corresponds to pomts
m a Euclidean space, determmed from cell frequencies With any structure and
distributIOn The objective of FCA IS to show the relatIOnship between row and
column criteria, or, m our case, between genotype and gliadm components

Results

Table 2 shows the Elgen values for the prmclpal component (PC) factors
Percentage and cumulative estimatIOn of total variance expressed by each value
were computed by FCA usmg a program developed by G Nachlt

The first 26 values desCribe more than 90% of the total variability ThiS IS due to
the small contnbutIOn of each Elgen value The X2 value was slgmficant The
lowest relative frequencies were those With the greatest distance, such as gliadm
components 13, 14, 16, 17,38,39,41, and 89
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Because they are usually present on the D genome, the fIrst four glIadm
components probably ongmate from an mtrogresslOn from bread wheat However,
these eight gltadms are important for their discnmmatiOn among populatIons

The square of the distance (D2
) may explam how much each population contnbutes

to vanabiltty Tables 3 and 4 give the highest and lowest eight values for the
glIadm components and populatiOns, respectively

Table 2. Correspondence analysis.
Factor
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Eigen value
017274
016229
013314
012367
012141
010997
009962
009270
008405
007811
007083
006934
006727
006055
005530
005245
004930
004162
003947
003918
003562
003454
003078
002929
002816
002583
002316
002107
002007
001698
001595
001470
001268

314

Percent
819
769
631
586
575
521
472
439
398
370
336
329
319
287
262
249
234
1 97
1 87
1 86
1 69
1 64
146
1 39
1 33
1 22
1 10
1 00
095
080
076
070
060

Cumulative
819

1588
2218
2804
3380
3901
4373
4812
5210
5580
5916
6245
6563
6850
71 12
7361
7595
7792
7979
81 64
8333
8497
8643
8782
8915
9037
9147
9247
9342
9422
9498
9568
9628

(contmued next page)



(Table 2 contmued)

Factor
34
35
36
37
38
39
40
41
42
43
44
45
46

X2=42225 332, df=3450

Eigen value
001065
000958
000899
000858
000699
000632
000608
000536
000436
000352
000339
000290
000182

Percent
050
045
043
041
033
030
029
025
021
017
016
014
009

Cumulative
9678
9724
9766
9807
9840
9870
9899
9924
9945
9962
9978
9991

1000

Table 3. Eight highest and lowest values for gliadin components.
Gliadin component Relative frequency D2

13 0 00020 50 83420
14 0 00095 52 49733
16 0 00095 43 36364
17 0 00190 23 46524
38 0 00260 13 71501
39 000105 1754218
41 000190 1845250
89 0 00160 23 71279
43 002334 071305
45 0 03369 0 32749
50 0 02484 0 82636
52 0 02329 0 86635
58 0 02324 0 85826
61 002574 071748
64 0 02664 0 64352
78 002514 080130

The correspondence analysIs for the disperSIOn of columns and rows, and the
cluster analysIs carned out to examme the assocIatIOn between dIfferent glladm
components and populatIOns, both show some associated groups Landraces
ongmatmg from Cyprus do not show much vanablllty ThIS may be due to Cyprus'
geographIcal IsolatIOn The Portuguese landraces are the most dIverse among the
durum germplasm populatIOns analyzed The Synan landraces are more dIverse
than the Moroccan and Greek The Moroccan populatIOns are all grouped together,
whereas some of the Synan landraces are found among the Greek, AlgerIan, and
TUniSIan landraces, and some others are completely out of the group

315



Table 4. Eight highest and lowest gliadin values for populations.
Population
Pans 501
IC 12060
TE 8304
Javardo
Siadl
Saladl Hamra
Mencekl
IC 20969
IC 20121
IC 19917
IC 7682
AD16
IC 20663
IC 20429
Hamman
Kazene

Cyp
Egy
Prt
Prt
Syr
Syr
Tur
Jar
Mar
Mar
Prt
Fra
Grc
Grc
Syr
Tur

Relative frequency
001899
001899
001899
001869
002014
002254
002099
001899
002489
002044
002189
001924
002284
002699
002354
001999

361389
295907
339739
7056076
335841
371488
301617
302599
1 16526
1 03852
068086
1 02881
090606
1 25606
1 18931
1 03743

Some ghadm components are strongly assocIated, and may be encoded by the same
multlgene famIly Ghadm components 14 and 17 are tIghtly hnked, as are 82 and
85 Other components are located at opposIte quadrants, such as y-42 and y-45,
confirmmg them as two allehc forms belong the Gh-Bl locus

015

010 @f[J} ·.85• •
005 - • 41 ••

..
-•• • ••••-.- I • ••000 • • ,

•« •u
I.L. 005 - •

I

-010 1 • •
•

•
015 -I -or

-020 o 1~ 011 -0 O~ 000 005 010 015

FCA 1

Figure 3. Plot of the gliadin components (factorial correspondence analysis).
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Conclusion
Our results confirm the superlonty of MedIterranean durum germplasm, and the
Importance of LMW-2 for selectmg hIgh gram quahty durums for gram qualtty
Improvement In a breedmg program

FCA IS a statIstIcal tool wIth good potential for studymg the genetIc vanablltty of
gltadm components, confirmmg the vIew ofother sCIentIsts (Asms et al 1989)

Although It IS not possIble to detect all the alleles at each locus, we can analyze the
components mdependently ThIs IS a promlsmg approach to the assessment of
genetIc dIversity In germplasm collectIOns
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Abstract
Wdd emmer has a hIgher gram protem content than cultivated durum wheat
(Trltzcum turgldum L subsp durum (Desf) Husn) From crosses between durum x
Trztlcum turgzdum subsp dZcoccOldes, recombmant hnes were Identified With high
protem content, high gram Yield, and other desirable traits The F6 Imes from
crosses between durum (Hauranl NawawI, Stork) and T dZcoccOldes JS were
studied The recombmant hnes were grown m two environments The quahty traits
measured were gram protem content (%), carotene content (ppm), sedimentatIOn
(mL), 1,000 kernel weight (g), vltreousness (%), and gram yield per plant (g)
Significant differences for environmental means were observed for most traits The
recombmant hnes showed higher protem content than durum x durum hnes, similar
results were detected for vltreousness and sedimentatIOn The results demonstrate
that T dZcoccOldes could be a good source to Improve durum gram quahty

Introduction

Wdd emmer (T dZcoccOldes, AABB, 2n=28) IS used to Improve durum gram
quahty and disease resistance (Nachlt 1986, Maah 1990) Wdd emmer IS the
Immedtate progenitor of all cultivated forms of tetraploid and hexaploid wheat
(Feldman and Sear 1983) This species has a higher gram protem content and
nutntlOnal value than cultIvated wheat (Avivi 1978, Tahir et al 1983, and Sharma
et al 1981), With reported protem content up to 33 1% Cook (19 I3) reported that
wdd emmer wheat was discovered by Aaronsohn In 1906 He stressed the
Importance of ItS agronomic characters and recommended ItS use m breedmg
programs Genes for gram quahty, stress tolerance, dIsease reSistance, Yield, and
adaptatIon have been transferred from WIld relatIves to cultIvated wheat (AVIVI et
al 1983, Tahir 1986, Levy and Feldman 1987, Nachlt 1992)

SelectIOn for protem content and other deSIrable traIts from durum x T dlCoccozdes
crosses could be used to transfer and accumulate these genes 10 new recombmants
WIthout sacnficmg yIeld (Nagle 1980) Generally, genes of protem adversely affect
yield Thus It IS necessary to mOnitor both traIts SImultaneously With proper
selection and testmg, It IS possible to combme and select hnes carrymg deSIrable
traits from the T dZcoccOldes parent However, a large number of segregants m the
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subsequent breedIng generatIon carry undesirable genes for tenaCiOUS glume and
fragile raclus, along wIth theu desrrable traItS (TahIr and Pashayani 1990)

Consequently, attempts were made to mtroduce the hIgh protem factors from T
dZCoccoldes mto durum wheat through conventIOnal plant breed109 techmques
(Maah 1990, Nachit 1991) The purpose of thIS study was (1) to compare the
quahty traIts of durum cultIvars and their progemes wIth T d,coccOldes and durum
x T d,Cocco,des progemes, and (2) to study the effect of SIte on quality traIts

Materials and Methods

Two durum cultivars-Hauram Nawawl (Jordaman landrace) and Stork (an early
vanety)-and wild emmer (T d,Cocco,des JS, collected 10 the Irbld area, Jordan)
were used 10 thIS study Five crosses were made (1) Stork x Hauram, (2) Hauram x
Stork, (3) T d,Cocco,des x Hauram, (4) Hauram x T dlCoccoldes, and (5) T
dlcoccOldes x Stork

F5 seed of the five crosses and theIr parents were sown at two sites 10 Jordan (1)
Mushaqar, a research statIOn of the National Center for Agncultural Research and
Technology Transfer (NCARTT), with an average preCipItation of 350 mm,
latitude 31° 34' N, and longItude of 35° 43' E, and (2) Jubelha, a research statIOn of
the Umverslty of Jordan (UOJ), With an average precipitation of 500 mm, latitude
32° 01' N, and longItude 35° 52' E Sowmg was carned out on November 18, 1989,
and harvestmg 10 mId-June, 1990

The expenmental deSign was a randomized complete block WIth three rephcates
The MSTATC package was used to analyze the data

The follow109 quahty traits were determmed

• Gram protem content The KJeldahl method was used, WIth near-mfrared
quahty analyzer (GQA) model 31 EI

• Carotene content 10 parts per mIlhllter A scale was developed at ICARDA for
rapId visual evaluatIon of color 10 the ground flour of durum wheat (WIlhams et
al 1986) The scale consists of a wooden board carrymg seven round holes 6 5
cm 10 dIameter, covered WIth clear pleXIglas The cells are filled With ground
durum flour samples rang109 from 2 to 8 ppm yellow pIgment, as determmed
by water-saturated butanol extractIOn The yellow pIgment content of the
unknown sample IS recorded to the nearest 0 5 ppm

• SedImentation test (SDS) The sample IS shaken 10 the presence of lactiC aCId
and sodIUm dodecyl sulfate (SDS) Protems WIth good hydratIOn capacity and
good OXidation gIve stable suspensIOns After a standard shakmg procedure and
stand109 penod, the suspensIOn IS related to the strength and bakmg potential
of the wheat flour
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• Thousand kernel weight (TKW) This IS the weight of 500 seeds x 2

• Vltreousness (%) This IS determmed by countmg the number of vitreous
kernels m a given sample and dlvldmg by the total number of seeds m the
sample

• Gram yield (g/plant) Yield components (fertile tillers x number of
kernels/spikelet x number of splkelets/splke x TKWIl 000) are used to estimate
this parameter

Results and Discussion

Significant differences between site means were observed for gram protem content
Means were 16 4 and 13 0% for Mushaqar and Jubelha, respectively These results
are m agreement With those of Williams et al (1988), who found that protem
content IS affected by growmg season, Site, fertilizer, and other factors Similar
results were found for vltreousness, sedimentatIon, kernel weight, and gram yIeld
However, no differences between the two sites were detected for carotene content
(Table 1) These results corroborate our earlier findmgs (Nachlt and Asbatl 1987,
Nachlt and Sayegh 1989)

Table 1. Means of quality traits for crosses between durum wheat and wild
emmer (Triticum dicoccoides) for F6 generations at two sites, Mushaqer and
Jubeiha, in Jordan (1989/90).
Site Trait

PC Vltr CC TKW SDS GY
Mushaqar 16 4 85 8 7 8 39 0 37 9 4 4
Jubelha 13 0 78 3 7 8 36 6 23 8 3 0
LSD ( 05) 0 6 2 2 0 3 1 3 3 2 0 6
CV (%) 8 6 16 0 14 4 7 3 21 7 31 9

PC=proteln content (%), Vltr =vltreousness(%), CC=carotene content (ppm), TKW=1000
kernel weight (gm), SDS =sedlmentatlon test (mL), GY =graJn yield (gm/plant)

Significant differences were detected m parental matenal for protem content
Tntlcum dZcoccOides showed the highest values at both Sites, protem content was
22 9% at Mushaqar and 20 0% at Jubelha Stork had the lowest values, followed by
HauranI, at both sites

As for the crosses, T dzcoccOides-denved crosses had higher values for protem
content than cultIvated wheats and their derived crosses Similar trends were found
for vltreousness and sedimentatIOn (Tables 2 and 3) In contrast, T dZcoccOides
showed the lowest values for kernel weight and gram yield (Tables 2 and 3)
However, T dzcoccozdes-denved crosses showed reasonable kernel weight and
gram yield ThiS suggests that T dzcoccozdes could be useful as parental matenal to
Improve quality traits m durum cultlvars These results are m agreement With the
findmgs of other researchers (AVIVI 1978, Tahir 1986, Levy and Feldman 1987,
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Nachlt 1989, Maah 1990) In addition, these results demonstrate that usmg
appropnate recombmation techniques-such as backcrossing and simultaneous
selectIOn for quahty and yleld-mcorporatlOn of desirable genes from T
dZcoccOldes mto high Yleldmg durum cultlvars could be achieved

Table 2. Means of quality traits for crosses between durum wheat and wild
emmer (Triticum dicoccoides) forF§ generations, Mushaqer (1989/90).

Trait
CC TKWPC (%)

Hauran! (Hrn) 14 8
Stork (Stk) 12 5
T d,coccoldes (Dlc)

Vltr

Parent
62 0 5 8
97 0 3 7

43 3
28 0

SDS

38 7
35 0

GY

4 8
1 6

Cross
Har x Stk 14 8 72 2 5 9 46 2 23 9 5 5
Stk x Har 13 3 75 0 5 0 38 0 35 0 6 4
Har x Dlc 17 8 97 3 3 9 36 9 46 3 4 3
Dlc x Har 17 7 98 7 3 8 35 7 54 7 3 4
Dlc x Stk 16 2 92 9 4 9 38 3 36 3 3 2
Mean 16 4 85 8 4 8 39 0 37 0 4 4
CV (%) 8 0 13 3 10 7 6 0 20 9 27 8
LSD ( 05) 2 1 19 2 0 9 4 1 13 4 2 1

PC=proteln content (%), Vltr =vltreousness (%), CC=carotene content (ppm), TKW=1000
kernel weight (gm), SDS=sedlmentatlon test (mL), GY=graln yield (gm/plant)

Table 3. Means of quality traits for crosses between durum wheat and wild
emmer (Triticum dicoccoides) for F§ generations, Jubeiha (1989/90).

Trait
PC% Vltr C TKW SDS GY

3 2
1 7
3 2

21 6
17 7
36 3

39 3
44 0
24 7

4 9
5 0
4 8

10 5
9 8

20 0

Hauranl (Hrn)
Stork (Stk)
T dlcoccoldes (Dlc)

Parent
40 0
580
98 3

Cross
Hrn x Stk 10 9 66 0 5 8 41 8 11 3 4 8
Stk x Har 11 5 55 3 5 5 42 0 17 7 4 5
Hrn x Dlc 14 9 96 3 4 2 32 0 32 3 2 1
Dlc x Hrn 13 5 90 7 3 5 333 36 0 2 8
Dlc x Stk 12 1 88 0 4 8 38 0 18 7 2 0
Mean 13 0 78 3 4 8 36 6 23 8 3 0
CV (%) 9 5 19 3 16 0 16 6 22 0 27 9
LSD (.05) 2 1 25 0 1 3 4 0 8 9 1 4

PC=proteln content (%), Vitr =vltreousness (%), CC=carotene content (ppm), TKW = 1000
kernel weight (gm), SDS=sedlmentation test (mL), GY =graln yield (gm/plant)
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Recent Advances in Breeding for Black Point
Resistance in Durum Wheat

Fran~ols Kaan1
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2Umverslte Montpelller, Montpelller, France

Abstract

The economically Important black pomt discoloration IS related to furrow, pencarp,
aleurone layer, and germ of durum wheat kernel Phenolic compounds, and
partIcularly feruhc aCid denvatlves, are related to blackpomt We found eVidence
that black pomt development was related to humid condItIOns of the growmg and
mature kernel, even m the absence of pathogenIc hvmg agents (for example, on
autoclaved stenle kernels) Such In vitro test conditions prOVide a good predictIOn
of field resIstance

Introduction

Among mdustnes based on semolma products (pasta, couscous) and cooked
kernels (burghul), there IS a wide consensus about color cntena Generally, a
yellow amber color IS requested Red and brown dIscoloratIOn IS a negative
attnbute, and specks of any color are not accepted by the consumer

Some discoloration appears dunng the pasta-makmg process For example, yellow
colored carotenOlds can be oXidized by hpoxygenases dunng semolma tempermg
before extrusIOn The development of reddish and brown discoloratIon may be
favored by high-temperature drymg conditIOns However, we have not yet
developed the abilIty to breed directly for the adaptation to speCific mdustnal
processes The best results have focused on the Improvement of mature kernel
endosperm and pencarp color charactenstlcs

Recent Advances in Blackpoint Studies

Extensive work on blackpomt m durum was Inttlated m 1990 by a French group
Blackpomt IS not speCific to durum wheat, and IS present m many bread wheat
samples However, lower granulometry of flour particles «150 Il) allows a better
tolerance for black or brown specks Issued from blackpomted kernels

Blackpomt IS related to the pencarp and bran cell layer, and particularly to the
pigmented layer m the kernel ndge (Zee and O'Bnen 1970)
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Factors of Blackpoint Development

Fungal diseases are commonly believed to be Implicated m blackpomt outbreaks m
IndIa (Adlakha and Joshi 1974) and North Amenca (WIese 1987, Conner and
Davidson 1988, Maloy and Specht 1988, Conner et al 1992) Alternarla alternata
(or A tenUls), CochllObolus satlvus (or Helmmthosporlum satlvum) and different
species of Fusarlum are frequently cIted French sClenttsts dId not find any fungus
specIfically related to blackpomt (Gngnac 1981, ITCF, vanous) Robert (1984)
confirms than thnp-mfested durum kernels are more frequently blackpomted

ClimatIc factors durmg gram development are clearly Implicated (Adlakha and
Joshi 1974, 1974, Robert 1984) Humid condItions after flowermg favor blackpomt
development (Kllpatnck 1968, Conner 1987, Statler et al 1975, Gngnac 1981,
Robert 1984, Regnier 1994)

Genetic factors are Important m durum susceptIbilIty to blackpomt EmpIrIcal
multIlocatIOnal registratIOn tnals have long smce shown that durum cultlvars dItfer
consIderably m blackpomt susceptibility (Geves 1994)

Histological, Cytological, and Biochemical Events Related to
Blackpoint

Numerous works on plant cells and tIssues suggest that many brown discoloratIOn
reactIOns may be due to phenolic compound oXidatIOn Key enzymes m phenolIc
compound synthesIs are phenylalanme ammonia lyase (PAL) and tyros me
ammonia lyase (TAL) Other enzymes, such as peroxydases (PO) and
polyphenoloxydases (PPO), are Important m cereal polyphenol OXidIzatIOn and
brownmg, but It IS equally well-establIshed that these enzymes and their substrates
are generally sItuated m dIfferent cell compartments (vacuole, organelles,
membranes, cell wall), and that the breakmg off of cell compartments In senescent
tissues could be at least as Important as the presence and content of specific
enzymes and phenolIc compounds

With cereal endosperm and pencarp (flour, semolIna, and bran products), the mam
phenolic compound IS ferullc aCid estenfied and related to the cell waIl, partIcularly
In pencarp tIssues (Pussayanawm and Wetzel 1987)

A better knowledge of dIscoloratIOn phenomena may be obtamable through
dynamIc studies of phenolIc compound metabolism dunng gram development,
fillmg, and drymg Unhappily, such studies are scarce McCallum (1989) and
McCallum and Walker (1990) demonstrate that phenolic soluble and Insoluble
compound content are at a maximum at the milk stage m bread wheat Tabusse
(1986) reports Similar results In durum wheat

Recent studIes by Regnier (1994) on healthy mature kernels of blackpomt
susceptIble vanety Arbols confirm the Importance of ferullc aCId content (Table 1)
Blackpomted seed of dIfferent samples was found to be rIcher m msoluble
estenfied ferulIc aCid than healthy kernels
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Table 1. Ferulic acid content of different parts of healthy durum kernels.

Feruhc aCid (Ilg/kernel) Soluble fraction Insoluble fraction

Embryo trace 0 24
Endosperm trace trace
Aleurone layer 2 01 2 79
Pericarp 0 10 2 07

The applicatIOn of mist under field conditIOns durmg kernel growmg IS related to
hIgher blackpomt frequency m susceptible Neodur and Arbols cultlvar checks
(Kaan et al 1993, Regmer 1994) compared to Arcour and Prlmadur resistant
genotypes (Table 2) Under mist conditIOns, enzymatic PAL, TAL, PO, and PPO
actIvity peaks were observed earlter m kernel development PAL, TAL, and PO
peaks appear to be higher, but m thiS experiment no slgmficant genotypic
differences were observed for enzymatic activities or ferultc aCid content (Regmer
1994)

Table 2. Relation between mist and field blackpoint development (blackpoint
computed as the percentage ofblackpointed seeds).
Variety Check 1991 Mist 1991 Check 1992
Arcour 0 5 5 0 1 1
Prlmadur 0 2 4 2 4 7
ArbOls 06 53 153
Neodur 1 2 96 66

Mist 1992
30
39

128
96

Modelization of Blackpoint under In Vitro Abiotic Conditions

It was hypothesized that the predommance of decompartmentaltzatlOn of cells
under excessive mOisture stress leads to blackpomt ThiS was tested on different
kernel phenotypes and genotypes

After relatively unsuccessful In vltro development of Immature Itvmg kernels With
excised embryos due to fungus and bacteria pollutIOn, we turned to deVitalized
mature autoc1aved kernels, usmg the followmg standard protocol

• A sample of 50 healthy kernels of good Size, Without any VISible symptoms of
blackpomt on the embryo or furrow zone, IS put m a closed tube, then
autoc1aved at 121°C (1 bar pressure) for 10 mmutes

• Ten kernels are place, under sterile conditIOns (lammar flow sterilized air), 10 a
petri dIsh on gelose medIUm (6 g Agar/L of twice-distilled water) With the
furrow facmg up

• The petri dishes are placed for 21 days at 25°C under 5,000 lux fluorescent
hght
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The development of charactenstic blackpo1Ot-hke lesIOns on kernel furrows was
observed under these conditIons (Kaan et al 1993) Development of discoloratIOn
10 the furrow zone was noted, us10g an emplflcal scale of 1-5

Genetic and Environmental Effects on Durum Kernels Submitted to
Abiotic In Vitro Blackpoint Test

The blackpoInt reactIOn of mature kernels placed En vztro after autoclave
stenlIzation was hIghly related to the blackpomt field reactIOn for the dIfferent
genotypes (Table 3) Other tests confirm thiS The blackpomt susceptibIlity rat10g
was significantly correlated (0 69) With our abIOtIc m vztro tests for 22 recently
registered varIeties

Table 3. Blackpoint intensity on mature autoclaved durum wheat kernels on
gelose medium.
Cultlvar Intensity of

spotting
Arbols
Neodur
Pnmadur
Arcour

387
279
207
1 92

Class of significance
(Duncan test)

a
b
c
d

GEVES evaluation of
blackp0lnt resistance

4
4
7
8

Recent cooperative trIals suggest that kernel productIon conditIOns could be
mvolved 10 the development of blackpomt-lIke symptoms Genotype comparISons
should be carned out on seed orIgmatmg from the same crop

Conclusion

These results clearly 10dicate that humid, confined condItIOns may be ImplIed 10

blackpomt development 10 the absence of hvmg pathogeniC organIsms, and even 10

the absence of hvmg kernel cells

In contrast to other works about blackpo1Ot, our expenence suggests that fungal or
msect disease IS not necessary for blackpomt damage to the wheat kernel furrow
Humid field conditions or abIotIC humId m vztro condItIOns may lead to blackpo1Ot
lIke symptoms related to the genotypIC field reactIOn
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Recent Applications of Near-infrared
Spectroscopy to Evaluate Durum Wheat Grain

Quality
F. Jaby EI-Haramem, A. Impiglia and M.M. Nachlt

Gennplasm Program, ICARDA, Aleppo, Syna

Introduction

Near-mfrared spectroscopy (NIRS) technology has been m routme use In North
Amenca for about 22 years for the determmatlOn of protem and mOIsture content In

wheat The success of NIRS technology has paralleled advances m computer
technology, which became avaJlable m the late 1970s Near-mfra light IS found m
the electromagnetic spectrum between the VISIble and the medIUm-Infrared
wavelengths (700-2,500 nm) A NIRS Instrument detects electrOnic signals
diffusely reflected from a sample surface that IS Irradiated by the mstrument with
the light of many wavelengths The signals at wavelengths specific to the
parameters to be determIned are amplified and translated by the Instrument mto
compositIOn data such as prOtem or mOIsture content NIRS analysIs offers many
advantages It IS simple, rapid, non destructive, and environmentally safe It
reqUires little or no sample preparation and can analyze samples for multiple
parameters Simultaneously

Because of the high demand for Simple and fast methods to evaluate early
generation germplasm produced annually by the breedIng programs at the
InternatIOnal Center for Agncultural Research In the Dry Areas (lCARDA), the
Neotec 31-EL gram quality analyzer was Installed m 1979 and used mamly for
protem determmatlOn m cereal and legume gram The PaCifiC SCientific feed
quality analyzer model 51-A was acqUired In 1981 to cover a Wider range of
applicatIOns Smce 1992, the NIRSystems Model 5000 scannmg monochromator
mstrument has brought Significant Improvement to ICARDA's quality test
methods ThiS paper summanzes recent applicatIOns ofNIRS to Simultaneously test
for protem content, sedimentatIOn volume, and yellow pigment content m durum
wheat whole gram and whole-meal flour These are among the most Important
quality parameters used m early generatIOn screenmg of durum wheat

Materials and Methods

Samples of durum wheat were assembled from advanced Yield, and on-farm tnals
grown m Syna over the 1992, 1993, and 1994 growmg seasons

The standard test for determmatlon of protem content m wheat and flour IS the
Kjeldahl test, descnbed In the Approved Method No 46-12 of the Amencan
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ASSOCIatIOn of Cereal ChemIsts (AACC), where the total mtrogen IS measured and
multIphed by the factor 5 7 to gIve the protem value The SDS sedImentatIOn test IS
determmed on 3 g of flour obtamed by slevmg cyclone-ground meal through a 100
mesh (149 mIcrometer) stamless steel sIeve for five mmutes (Axford et al 1978)
Yellow pIgment IS determmed by Approved Method No 14-50 of the AACC

A NIRSystems Model 5000 scanmng NIR spectrophotometer was used for all NIR
analysIs

Results and Discussion

Determination of Protein Content in Durum Wheat

Protem content IS the most commonly-used cntenon for durum gram quahty It
plays a major role m determmmg the durum pnce m the export market The
potentIal of semolma/f1our m relatIOn to ItS end-use IS due to aspects of protem
quantIty and quahty

Protem content m durum wheat covers a range from about 8 to 20%, dependmg m
part on vanety but more partIcularly on envIronmental factors durmg growth
(rainfall and temperature durmg gram filhng for wheat), fertlhzer, agronomic
practtces, bIOtIC stresses, tIme and amount of lITIgatIOn, etc

In the early 1970s, when NIRS started to be used successfully m the gram mdustry,
all apphcatIOns reqUIred some form of gnndmg, and attentton was drawn to the
Importance of granulanty m the accuracy ofNIRS testmg (Wllhams and Thompson
1978) At ICARDA, NIRS has been apphed to the determmatlon of protem 10

durum smce July 1980, usmg the GQA 31-EL and UDY cyclone mIll to grmd the
samples Durmg 1980, the first commerCIal NIRS mstrument designed speCIfically
for apphcatton to whole seed analySIS was mtroduced (Trebor Model 9000) The
mstrument worked m transmIttance mode over the 850-1,050 nm wavelength
range Whole gram analySIS ehmmated the errors mcurred m ground-gram testmg
by NIRS The first genereratIOn of NIRS transmIttance Instruments was not
SUItable for the analySIS of early generatIOn genotypes, smce the test procedure
reqUIred more than 100 g of gram Improvement In durum wheat protem content
determmatIOn WIthout grmdmg the sample was achIeved at ICARDA In 1992 usmg
the NIRSystems Model 5000 Table 1 summanzes the analySIS of whole and
ground durum gram for protem content

Prediction of Sedimentation Volume in Durum Wheat

Based on the Zeleny sedImentatIOn test, Axford et al (1978) mtroduced the sodIUm
dodecyl sulfate (SDS) sedimentatIOn test for predictmg bakmg quahty by
esttmatmg gluten charactenstIcs Protems WIth good hydratIOn capacIty and good
OXIdatIOn status gIve hIgher suspenSIOns GUldelmes are gIven In Table 2
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Table 1. Accuracy of prediction of protein content in whole and ground durum
wheat by NIRSystems Model 5000.
Sample/treatment f t SEP
Durum, whole grain 0 98 032
Durum, ground 0 99 0 21

208
208

Low
94
94

N
36
46

t r=coefflclent of determination, SEP=standard error of prediction, N=number of
observations

Table 2. Guidelines for gluten strength, SDS sedimentation.
Sediment helght(mL) Gluten strength
over 70 Exceptionally strong
60-69 Very strong
50-59 Strong
40-49 Medium strong
30-39 Fairly weak
20-29 Weak
Less than 20 Very weak

The SDS sedimentatIOn test has been found to be excellent for assessing gluten
strength In durum wheat (Dexter et al 1980) At ICARDA, high correlatIOns were
found between SDS sedimentatIOn volume and durum wheat dough strength
(Judged fat dIVIding and sheeting stages of two-layered flat [2LF] bread) and
spaghetti cooking quality (Williams et al 1989)

In 1988, Wdllams et al first reported a preliminary study on the predictIOn of
several gluten strength parameters, including SDS sedimentatIOn In bread wheat
uSing NIRS, In a cooperative study between the Grain Research Laboratory,
WlIlmpeg, Canada and ICARDA The coeffiCIent of correlatIOn between NIRS and
SDS sedImentatIon volume was 0 75, and the standard error of predIctIOn was 5 6
mls

In 1992 the cereal quality laboratory at ICARDA developed promIsing calibratIons
uSing a NIRSystems Model 5000 near-Infrared spectro-photometer to predIct SDS
sedImentatIon volume In whole grain and ground durum wheat The effiCIency of
thIS study IS summanzed In Table 3

Table 3. Accuracy of prediction of SDS sedimentation volume by NIRSystems
Model 5000.
Sample/treatment r2 t SEP
Durum, whole gram 0 85 3 66
Durum, ground 0 83 3 70

High
57
57

Low
13
13

N
36
37

tr=coefflclent of determination, SEP=standard error of prediction, N= number of
observations
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Prediction of Yellow Pigment in Durum Wheat

Yellow pIgment IS one of the major qualIty factors In durum endosperm It IS often
Identified wIth carotenOlds, whIch could mclude both carotene and xanthophylls A
hIgh yellow pIgment content IS essential for the preparatIOn of pasta products,
burghul, couscous, and semohna ClassificatIOns are gIVen m Table 4

Table 4. Guidelines for yellow pigment content.
Yellow pigment (whole meal flour)
< 50 ppm
50-70 ppm
> 70 ppm

ClaSSification
Low pigment

Medium pigment
High pigment

The reference method for yellow pigment calls for the use of water-saturated n
butanol ThIs powerful solvent has an unpleasant odor, and some people are
allergIC to It ThiS encouraged ICARDA sCIentIsts to develop a visual method for a
rapid and direct evaluatIOn of color In ground durum wheat (WIihams et al 1986)
The color scale consIsts of a wooden board (55x8 5x 1 5 cm) containing seven
holes of 6 5 cm dIameter, covered wIth clear plexlglass The seven cells are filled
wIth ground durum wheat samples varying In yellow pIgment content from 2 to 8
ppm, as determmed by water-saturated n-butanol extraction To use the color scale,
tinS of ground durum wheat are SImply compared visually with the seven cells on
the board, and the yellow pigment content of the unknown sample recorded to the
nearest 0 5 ppm After several years, some dIfficulties were encountered m
determlnatmg pIgment, mamly because some new matenals were grayish or
reddish, and were not compatible wIth the scale

To aVOId the above mentioned problem, NIRS technology was tned, and has been
found very promlsmg In the predIctIOn of pIgment content In whole gram and
ground durum wheat

At the Gram Research Laboratory, Wmlllpeg, Canada, WIihams and Sobering
reported In 1993 that the extensIOn of wavelength range down to the VISible area
has been shown to be benefiCial to the determmatlOn of color parameters, Includmg
yellow pIgment The NIRSystems 6500 scannmg monochromator, With a
wavelength range from 400 to 2500 nm, was used m their study Some of theIr
results are reproduced III Table 5

Table 5. Accuracy of prediction of pigment content by NIRSystems Model 6500.
Sample/treatment r2

t SEP High Low N
Durum, whole grain 0 84 0 39 10 4 6 4 36
Durum, ground 092 028 104 64 36

tr=coefflclent of determination, SEP=standard error of prediction, N=number of
observations (WIlliams and Sobering 1993)
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At ICARDA, a study was conducted m 1994 for the predictIOn of pigment content
m durum flour, usmg a NIRSystems Model 5000, which scans the wavelength
range from I, I00 to 2,500 nm A total of 108 samples were selected, milled mto
whole-meal flour, scanned m the NIRS and analyzed by chemical method Pigment
content ranged from 27 to 89 ppm Sample sets were assembled for calibratIOn
and valtdatIOn on the basIs of reference data at a ratIo of 3 I The best predictIon
for pigment content m durum flour gave r2=0 66 and SEP=O 79

Model 5000 and the ICARDA color scale were compared for effiCiency m
predicting pigment content Statistically, the Model 5000 gave a higher correlation
With actual pigment content (r=0 83) compared With the scale prediction (r=0 72)
Despite the fact that the wavelength range of the Model 5000 does not extend to the
vIsible wavelength regIOn, the results obtamed were considered to be suffiCiently
accurate, compared With the color scale, for screenmg durum genotypes for
pigment content, and were much more effiCient

Conclusion

NIRS can be successfully used to analyze several Important qualtty parameters m
durum germplasm There are no slgmficant differences m accuracy usmg whole
durum gram or ground durum for the determmatlOn of protem content and SDS
sedimentation volume

The whole gram techmque reqUires only 20-25 g of gram, which allows early
generatIOn matenals to be tested for protem content and SDS sedimentatIOn
Without any gnndmg Subsequently, the same samples can be planted

For yellow pigment content, more accurate results were obtamed With ground
durum wheat Ground gram calibratIOn can be used With as little as 2-5 g The data
suggest that use of a NIRS scannmg monochromator With a vIsible wavelength
range would Improve the results of yellow pigment prediction

Finally, NIRS greatly Improves the effiCiency of screemng durum wheat
germplasm for qualtty The reductIOn In the tIme reqUired to analyze durum
germplasm enables testmg of about 250 samples per day for the three Important
parameters descnbed Usmg traditIOnal wet chemical methods, testmg of the same
number of samples for the same parameters would reqUire 16 workmg days
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