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!BSTRACT

4HE� )NTERNATIONAL� #ENTER� FOR�!GRICULTURAL� 2ESEARCH� IN�$RY�!REAS�
�)#!2$!	�IS�ONE�OF�THE����#')!2�CENTERS�AND�HAS�A�GLOBAL�MANDATE�

BARLEY�GROWN�IN�NON
TROPICAL�DRY�AREAS�ACROSS�THE�GLOBE��)#!2$!�S�
BARLEY�IMPROVEMENT�PROGRAM�HAS�BEEN�REORGANIZED�INTO�SPRING�BARLEY�
FOR�HIGH�AND�LOW�INPUT�ENVIRONMENTS�AND�WINTER�BARLEY�PROGRAMS�TO�
ADDRESS�THE�REQUIREMENTS�OF�DIFFERENT�AGRO
CLIMATIC�CONDITIONS�REGIONS��
4HE�SPRING�BARLEY�PROGRAM�TARGETS�GERMPLASM�IMPROVEMENT�FOR�FEED��
FOOD�AND�MALT�PURPOSES��TARGETING�GERMPLASM�ENHANCEMENT�FOR�GLOBAL�
STRESSED� ENVIRONMENTS� IN� HULLED� AND� HUSKLESS� BARLEY�� 4HE�WINTER�
BARLEY�PROGRAM�IS�BASICALLY�FOCUSED�TO�IMPROVE�GERMPLASM�FOR�COLDER�
REGIONS�IN�7EST�AND�#ENTRAL�!SIA�WHERE�COLD�AND�FROST�ARE�THE�MAJOR�
STRESSES�ALONG�WITH�DROUGHT��%ACH�YEAR��NEARLY�������ADVANCED�LINES�ARE�
EVALUATED�FOR�VARIOUS�AGRONOMIC��BIOTIC�AND�ABIOTIC�STRESS�TOLERANCES��
AND�GRAIN�QUALITY�PARAMETERS�IN�THE�BREEDING�PROGRAM��)#!2$!�S�GENE�
BANK�HOLDS�MORE�THAN��������BARLEY�ACCESSIONS�OF�WHICH������ACCESSIONS�

THE�SOUGHT�TRAITS��)#!2$!�S�BARLEY�IMPROVEMENT�PROGRAM�ANNUALLY�
SHARES�MORE�THAN�����SETS�OF�INTERNATIONAL�TRIALS�AND�NURSERIES��WITH�

BY�DIFFERENT� COUNTRIES��WITH�DIRECT� INTRODUCTION�OF� GERMPLASM� FROM�
)#!2$!�S�BARLEY�BREEDING�PROGRAMS��OUT�OF�WHICH����ARE�RELEASED�
DURING�LAST����YEARS���)N�RECENT�YEAR��)#!2$!�S�FEED�AND�FOOD�BARLEY�
IMPROVEMENT� PROGRAM� AIMS� AT� IMPROVING� NUTRITIONAL� QUALITIES� OF�

THE�MALT�BARLEY�IMPROVEMENT�IS�TARGETING�TO�IDENTIFY�BETTER�MALTING�
QUALITY�GERMPLASM�FOR�DEVELOPING�COUNTRIES�IN�!FRICA�AND�!SIA�WITH�
A�POSSIBILITY�OF�ADDITIONAL�INCOME�TO�FARMERS�THROUGH�PREMIUM�PRICE�
FOR�BETTER�QUALITY�IN�EAST�!FRICA�AND�SOUTH�!SIA��

+EYWORDS��"ARLEY��&)'3��'ERMPLASM��(ORDEUM��)#!2$!

���)NTRODUCTION

"ARLEY� �(ORDEUM� VULGARE� ,�	� IS� GROWN� OVER� DIVERSE��������������
ECO
GEOGRAPHICAL�ENVIRONMENTAL�CONDITIONS�AS�COMPARED�
TO� OTHER� CROP� SPECIES�� BECAUSE� OF� ITS� HARDINESS� TO�
ENVIRONMENTAL�VARIATIONS��"ARLEY� IS�OFTEN�CONSIDERED�AS�
THE�ONLY�POSSIBLE�RAINFED�CEREAL�CROP�UNDER�LOW�INPUT�AND�
STRESSFUL�ENVIRONMENTS�LIKE��DROUGHT��HEAT�AND�COLD��4HIS�

ADAPTABILITY�TO�THE�EXTREME�AND�MARGINAL�CONDITIONS�HAS�
LED� TO�WIDESPREAD�CULTIVATION�OF� THIS� CEREAL� THROUGHOUT�
THE�WORLD� �"OTHMER� ET� AL��� ����	��4HE� RANGE� OF� BARLEY�
CULTIVATION�IS�FROM�THE�TROPICS�TO�HIGH�LATITUDES������.	�
IN�)CELAND�AND�3CANDINAVIA�AS�WELL�AS�IN�HIGH�LATITUDES�UP�
TO������METERS�ABOVE�SEA�LEVEL��MASL	�IN�THE�(IMALAYAS�
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�"OTHMER�ET�AL���������#ECCARELLI�ET�AL�������	��(ISTORICALLY��

BARLEY�WAS�UTILIZED�BY�THE�2OMAN�GLADIATORS��WHO�WERE�
ALSO� CALLED� AS� hHORDEARIIv� �!NDREW�� ����	��!LTHOUGH�
GLOBALLY� THE�MAJOR� UTILIZATION�OF� BARLEY� IS� FOR� FEED� AND�
MALTING�PURPOSES��BECAUSE�OF�ITS�NUTRITIONAL�VALUE�BARLEY�
IS�CONSUMED�AS�A�STAPLE�FOOD�IN�.ORTH�AND�3UB
3AHARAN�
!FRICA��33!	��#ENTRAL�!SIA��AND�3OUTH
7EST�!SIA��)N�TERMS�
OF�TOTAL�PRODUCTION��BARLEY�RANKS�FOURTH�IN�THE�WORLD�AMONG�

CEREALS�AFTER�WHEAT��MAIZE��AND�RICE� �&!/34!4������	��
)T�IS�GROWN�BY�NEARLY�����COUNTRIES�ON�ABOUT����MILLION�
HECTARES��HA	��%UROPE�IS�THE�LARGEST�IN�TERMS�OF�THE�BARLEY�
AREA� ������	� AND�PRODUCTION� ������	� FOLLOWED�BY�!SIA�
AND�!FRICA��&IG��	��)N�TERMS�OF�PRODUCTIVITY�ALSO�%UROPE�
IS�HIGHEST�WITH�����T�HA�AMONGST�ALL�CONTINENTS�TO�CLOSELY�
FOLLOWED�BY�!MERICA� ����� T�HA	� �&IG��	�� �3OURCE�HTTP���
WWW�INDEXMUNDI�COM�AGRICULTURE��COUNTRY�SA�COMM
ODITY�BARLEY�GRAPH�IMPORTS	�

&IG�����"ARLEY�AREA��M�HA	�AND�PRODUCTION��M�TONS	�IN�DIFFERENT�CONTINENTS�OF�THE�WORLD��&!/34!4�����	

)N�THE�RECENT�YEARS��THE�AREA�HAS�STABILIZED�AFTER�A�DECREASE�
AROUND�THE�WORLD��THOUGH�THE�PRODUCTIVITY��TONS�HA	�HAS�
CONTINUED� TO� IMPROVE�OVER� THE�PERIOD� �&IG��	��-OST�OF�
THE�AREA�WHERE�BARLEY�PRODUCTION�CEASED�WAS� REPLACED�
BY�WHEAT� CULTIVATION��'LOBALLY�� THE� AREA� UNDER� BARLEY�
CULTIVATION�DECREASED�FROM����MILLION�HA�IN�THE������S�TO�
LESS�THAN����MILLION�HA�IN�������&!/34!4�����	��2EASONS�

FOR� THE� RECENT� STABILIZATION� IN� BARLEY� AREA� INCLUDE� THE�
GROWING�DEMAND�FOR�MALTING�BARLEY�BOTH�DOMESTICALLY�AND�
FOR�INTERNATIONAL�TRADE��AND�THE�WARMING�CLIMATE�REQUIRING�

OF� THE�WORLD�S�MAJOR� BARLEY�PRODUCING� COUNTRIES��MOST�
NOTABLY�IN�.ORTH�!FRICA�AND�THE�#)3�COUNTRIES�IN�%UROPE�

&IG�����!VERAGE�BARLEY�YIELDS�IN�DIFFERENT�CONTINENTS��&!/34!4�����	

&IG�����2ECENT�TRENDS�IN�GLOBAL�BARLEY�AREA��PRODUCTION�AND�
YIELDS��&!/34!4�����	

&IG�����2ECENT�TRENDS�IN�BARLEY�AREA��DEVELOPING��AND�
DEVELOPED�COUNTRIES��&!/34!4�����	
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4HE�TRENDS�ACROSS�THE�DEVELOPING�AND�DEVELOPED�COUNTRIES�
ARE� QUITE� CONSTRASTING� �&IG�� �	�� INDICATING� THAT� BARLEY�
CULTIVATION� HAS� BEEN� REDUCED� IN� DEVELOPING� COUNTRIES��
WHERE�MAIN�USES�ARE�FEED��FOOD�AND�FORAGES��WHILE�IT�HAS�
INCREASED� IN�DEVELOPED�COUNTRIES�MAINLY�BECAUSE�OF� ITS�
GROWING�MALTING� AND� FEED�DEMANDS�� )F� THE� SITUATION� IS�
ANALYSED�IN�DIFFERENT�CONTONENTS��!SIA�HAS�OBSERVED�HUGE�
DECLINE�IN�BARLEY�CULTIVATION�DURING�LAST�TWO�DECADES�OF�THE�
��TH�CENTURY��&IG���	��WHICH�HAS�ALMOST�STABILISED�IN�THE���ST�
CENTURY�PERIOD��WHILE�%URPOE�HAS�OBSERVED�JUST�OPPOSITE�
TRENDS�DURING�THESE�PERIODS��)N�OTHER�CONTINENTS�!MERICA�
HAS�OBSERVED�GRADUAL�DECLINE�IN�AREA��WHILE�IN�!FRICA�AND�
!USTRALIA�THE�AREA�REMAINED�MORE�OR�LESS�SIMILAR�

&IG�����#ONTINENT�WISE�TRENDS�IN�BARLEY�AREA��&!/34!4�����	

4HE�LARGEST�BARLEY�PRODUCING�COUNTRIES�IN�THE�WORLD�ARE�
2USSIAN�&EDERATION��'ERMANY�� &RANCE��#ANADA�� 3PAIN��
4URKEY��5KRAINE��!USTRALIA�AND�5+�IN�THIS�ORDER��WHILE�
IN�TERMS�OF�AREA�CULTIVATED�2USSIAN�&EDERATION��5KRAINE��
!USTRALIA��3PAIN��4URKEY��#ANADA��-OROCCO��+AZAKHSTAN��
&RANCE�� )RAN� AND�'ERMANY� �IN� THIS� ORDER	� ARE�MAJOR�
COUNTRIES��4ABLE��	��)N�TERMS�OF�YIELD��%UROPEAN�COUNTRIES�
)RELAND��'ERMANY��&RANCE��5+��$ENMARK��!USTRIA� AND�
3WEDEN�ARE�HAVING�MORE�THAN�����T�HA��WHILE�!RGENTINA��
#ANADA��53!��#HINA� AND�"RAZIL� ARE� COUNTRIES� OUTSIDE�
%UROPE�WITH�MORE�THAN�����T�HA�YIELD�LEVELS��WHICH�IS�WELL�
ABOVE�THE�WORLD�AVERAGE�OF������T�HA��4HE�MAJOR�BARLEY�
IMPORTING� COUNTRIES� DURING� ����� INCLUDE� 3AUDI�!RABIA�
FOLLOWED�BY�#HINA��)RAN��*APAN��!LGERIA��*ORDAN��,IBYA��
-OROCCO�AND�4UNISIA�IN�THIS�ORDER��HOWEVER�THE�ANNUAL�

BASED�ON�ADVERSE�EFFECT�OF�DROUGHT�ON�BARLEY�PRODUCTION�
AS�MAINLY� IT� IS� RAINFED� CROP� IN� THE� REGION�� "ARLEY� HAS�
CONSIDERABLE�ECONOMIC�IMPORTANCE�BOTH�IN�AGRICULTURE�AND�
INDUSTRY�IN�MANY�COUNTRIES��'LOBALLY��AROUND���
����OF�
BARLEY�PRODUCTION�IS�USED�FOR�FEED����
����FOR�MALT���
���
FOR�FOOD�AND����FOR�SEED��5LLRICH������	��5SE�AS�A�CALORIE�

MARGINAL�AREAS�WITH�PROBLEMATIC�SOILS�AND�SCANTY�RAINFALL�
�'RANDO�AND�-ACPHERSON������	�

4ABLE����4OP�TWENTY�COUNTRIES�FOR�BARLEY�AREA��PRODUCTION�AND�
YIELD��RESPECTIVELY�GLOBALLY

#OUNTRY !REA�
�����
HA	

#OUNTRY 0RODUCTION�
�����T	

#OUNTRY
 9IELD�
�T�HA	

2USSIAN�
&EDERATION

���� 2USSIAN�
&EDERATION

����� )RELAND ����

5KRAINE ���� 'ERMANY ����� 'ERMANY ����
!USTRALIA ���� &RANCE ����� &RANCE ���
3PAIN ���� #ANADA ����� 5+ ����
4URKEY ���� 3PAIN ����� $ENMARK ����
#ANADA ���� 4URKEY ���� !USTRIA ����
-OROCCO ���� 5KRAINE ���� 3WEDEN ����
+AZAKHSTAN ���� !USTRALIA ���� #ZECH�

2EPUBLIC
����

&RANCE ���� 5+ ���� (UNGARY ����
)RAN ���� !RGENTINA ���� !RGENTINA ����
'ERMANY ���� 53! ���� "ULGARIA ���
3YRIA ���� $ENMARK ���� #ANADA ����
53! ���� )RAN� ���� 53! ����
5+� ���� 0OLAND ���� &INLAND ����
!RGENTINA ���� -OROCCO ���� #HINA� ����
!LGERIA ���� +AZAKHSTAN ���� #ROATIA ����
%THIOPIA ���� #HINA� ���� "RAZIL ����
)RAQ ��� 3WEDEN ���� 3LOVAKIA ����
0OLAND ��� %THIOPIA ���� 3PAIN ����
)NDIA ��� &INLAND ���� )TALY ����


�/NLY�COUNTRIES�WITH��������HA�AREA�ARE�CONSIDERED�FOR�YIELD�RANKING��
�3OURCE�&!/34!4�����	

"ARLEY�IS�THE�MAJOR�DIETARY�SOURCE�FOR�RUMINANT�AND�NON


BARLEY�VARIETIES�YIELD�MORE����
���	�THAN�THE�MALT�BARLEY�
VARIETIES��"LAKE�ET�AL�������	��4HIS�IS�BECAUSE�THE�MALTING�
INDUSTRY�PREFERS�BARLEY�KERNELS�OF�SIMILAR�SIZE��WHICH�ALLOWS�
FOR� A�MORE� UNIFORM�MALTING� PROCESS��5NIFORM�KERNELS�
ARE� EASIER� ACHIEVED� IN� A� TWO
ROW�VARIETY��WHERE� SEEDS�
ARE�MORE�EQUALLY�SPACED�THAN�IN�SIX
ROW�VARIETIES��WHERE�
DUE�TO�CROWDING�SEEDS�IN�CERTAIN�POSITIONS�ARE�LARGER�THAN�
SEEDS�IN�OTHER�POSITIONS��4HIS�ADDITIONAL�REQUIREMENT�FOR�
UNIFORM�SEED�SIZE�IN�TWO
ROW�BARLEY�HAS�LED�TO�A�RELATIVELY�
SLOWER�RATE�OF�YIELD�INCREASE�ACHIEVED�DURING�BREEDING��
AS� COMPARED� TO� SIX
ROWED� TYPES��(OWEVER�� WITH� THE�
RECENT�ADVANCEMENT�IN�TWO
ROW�SPRING�BARLEY�BREEDING�
THE�DIFFERENCE�IN�YIELD�POTENTIAL�AND�YIELDS�ACHIEVED�ARE�

����HAS�BEEN�OBSERVED� IN� THE�MALT�EXPORT�AND� IMPORT�
VALUES�FROM������TO�������&IG��	��(OWEVER��PRIME�FOCUS�
OF�MOST� OF� THE�BREEDING�PROGRAMS� IS� STILL� ON� THE�BIOTIC�
AND�ABIOTIC�FACTORS��WHICH�ACCOUNT�FOR�THE�MAJORITY�OF�THE�
LOSSES� IN�BARLEY�PRODUCTION�AND�NEEDS� TO�BE�ADDRESSED�
STRATEGICALLY�TO�ACHIEVE�STABILITY��2ECENT�RESEARCH�REGARDING�
DIETARY�COMPOSITION�IN�FOOD�BARLEY�HAS�RENEWED�INTEREST�

IN� HUMAN�DIETS� �"ROCKMAN� ET� AL��� ������ 3ULLIVAN� ET� AL���

CONTENT� AND� HIGHER� AMYLASES� ACTIVITY� THEN� OTHER� FOOD�
CEREALS��"ARLEY�IS�A�COMMON�DIET�FOR�DIABETIC�PEOPLE�AND�
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ITS� EASY�DIGESTION�AND� FAST� RELEASE�OF�ENERGY�MAKES� IT� A�
GOOD�FOOD��)N�COMPARISON�TO�OTHER�CEREAL�CROPS��BARLEY�
HAS�A�BETTER� FODDER�VALUE� INCLUDING�GRAIN�AND�STRAW��)N�
MOST�OF�THE�DEVELOPED�COUNTRIES��BARLEY�STRAW�IS�USED�FOR�
ANIMAL�BEDDING��WHEREAS�IT�IS�USED�AS�ANIMAL�FEED�IN�THE�
DEVELOPING� COUNTRIES�� IN� ADDITION� TO� THE� GRAZING�USE� IN�
MOST�OF�THE�7EST�!SIA�AND�.ORTH�!FRICA��

5NDER� VARIABLE� CLIMATIC� CONDITIONS�WITHIN� THE� GROWING�
SEASON�� SUCH� AS� DROUGHT�� HEAT� OR� COLD�� BARLEY� GIVES�
COMPARABLY�HIGHER�YIELDS�THAN�OTHER�SMALL�GRAIN�CEREALS��
"EING�ONE�OF�THE�MOST�WIDELY�ADAPTED�CROPS��THE�BARLEY�
GERMPLASM�POOL� HAS� THE� POTENTIAL� TO� CONTAIN� ENOUGH�
GENETIC� DIVERSITY� TO� BREED� FOR� ADAPTATION� TO� DIFFERENT�
ENVIRONMENTAL�CONDITIONS��-OREOVER�� THE�AMPLE�BARLEY�
GERMPLASM� RESOURCES� AVAILABLE�WORLDWIDE� �"OCKELMAN�
AND�6ALKOUN������	��INCLUDING�WILD�RELATIVES��LIKELY�CONTAIN�

TECHNOLOGIES�CAN�EXPLOIT��.EWTON�ET�AL�������	��/WING�TO�
ITS� VAST�MORPHOLOGICAL� AND� ENVIRONMENTAL� ADAPTABILITY��
VARIOUS�TYPES�OF�BARLEY��WINTER��SPRING��TWO
ROW��SIX
ROW��
AWNED��AWNLESS��HOODED��COVERED��NAKED��MALTING��FEED�
AND�FOOD�TYPES	�ARE�GROWN�THROUGHOUT�THE�WORLD�

���"ARLEY�CULTIVATION�AND�GENETIC�IMPROVEMENT

4HE�ORIGINAL�AREA�OF�BARLEY�CULTIVATION�IS�ASSUMED�TO�HAVE�
BEEN� THE� &ERTILE�#RESCENT�� STRETCHING� FROM�PRESENT
DAY�
)SRAEL� AND� *ORDAN� TO� 3YRIA� AND�3OUTHERN�!NATOLIA� AND�
TO�THE�:AGROS�-OUNTAIN�AREA�IN�7ESTERN�)RAN��"OTHMER�
AND�*ACOBSEN������	���(OWEVER��WITH�EVIDENCE�FOUND�IN�
-OROCCO��-OLINA
#ANO�AND�#ONDE��������3ALCEDO�ET�AL���
������-ORALEJO� ET� AL��� ������-OLINA
#ANO� ET� AL��� ������
������ ������ ����	� AND� IN� 3OUTH
EASTERN�(IMALAYA� AND�
4IBET� �8U������	�� THE�GENERAL�AGREEMENT�ON� THE�MONO

CENTRIC�ORIGIN�OF�BARLEY�WAS�CHALLENGED��3TILL�THE�.EAR�%AST��
4IBET��!BYSSINIA��AND�THE�7ESTERN�-EDITERRANEAN�REGION�
WERE� PROPOSED� AS� CENTERS� OF� DIVERSITY� FOR� BARLEY��4HE�
!BYSSINIAN�REGION�IN�THE�EASTERN�PART�OF�!FRICA��INCLUDING�
THE�MODERN�COUNTRIES�AS�%THIOPIA��%RITREA��$JIBOUTI��AND�
3OMALIA�� IS� BELIEVED� TO� REPRESENT� AN� IMPORTANT� CENTER�
OF�DIVERSITY�FOR�BARLEY���"ARLEY�IS�BELIEVED�TO�HAVE�BEEN�
CULTIVATED� IN� THIS� REGION� AS� EARLY� AS� ������"#� �'AMST��
����	��4HE�REGION�POSSESSES�DIVERSITY�OF�CLIMATES�� SOILS��
TOPOGRAPHY��SOCIAL�ENVIRONMENTS��VEGETATION�COVER��AND�

ARE�BELIEVED�TO�BE�THE�!GEW�PEOPLE��IN�ABOUT�������"#�

RAISED�DOUBT�ON�A�MONO
PHYLETIC�ORIGIN�OF�BARLEY��ARGUING�
THAT� THROUGH� LONG
TERM� INTROGRESSION� OF� THE� RELATIVELY�
FEWER�WILD� RELATIVE� GENES� REMAINED� SWALLOWED� IN� THE�
GENE�POOL�OF� CULTIVATED�BARLEY� IN�%THIOPIA� �%NDESHAW��
����	��&URTHERMORE��VERY�RECENT�WORK�CONSIDERED�%THIOPIA�

POTENTIAL�DOMESTICATION�SITE��/RABI�ET�AL�������	��)NDEED��
%THIOPIAN�BARLEYS�HAVE�BEEN�ISOLATED�SO�LONG�THAT�TWO�OF�

CONSIDERED�DISTINCT� SPECIES��4HE� LONG�HISTORY�OF�BARLEY�
CULTIVATION�AND�THE�DIVERSITY�IN�SOILS��CLIMATE��ALTITUDE�AND�
TOPOGRAPHY�TOGETHER�WITH�GEOGRAPHICAL�ISOLATION�FOR�LONG�
PERIODS�HAVE�RESULTED�IN�A�LARGE�NUMBER�OF�LANDRACES�AND�
TRADITIONAL�AGRICULTURAL�PRACTICES��"ERHANU�ET�AL�������	��
4HERE�IS�HIGH�DIVERSITY�OBSERVED�AMONG�%THIOPIAN�BARLEYS�

HULLED�AND�HULL
LESS��AND�WITH�DIFFERENT�GRAIN�COLORS��4HE�
VARIATION� IN�%THIOPIAN� BARLEYS� HAS� BEEN� ATTRIBUTED� TO�

FREQUENT�NATURAL�HYBRIDIZATION�AND�DISRUPTIVE� SELECTION�
�:EMEDE�� ����	�� 4HE� VARIATION�MIGHT� HAVE� RESULTED�
FROM�THE�HIGHLY�HETEROGENEOUS�ENVIRONMENT��ON�WHICH�
FARMERSg�PREFERENCES�AND�SELECTION�FOR�DESIRABLE�TRAITS�ARE�
IMPOSED��2ECENT�POPULATION�GENOMICS� STUDIES� TOWARDS�
UNDERSTANDING�INTRIGUING�PATTERNS�IN�THE�CULTIVATED�BARLEY�
GENOMES� THAT� SHED� LIGHT� ON� THE� TRAJECTORY� OF� BARLEY�
DOMESTICATION�� HAVE� POSTULATED� THAT� THERE� ARE� THREE�
POSSIBILITIES� FOR� THE�DOMESTICATION��ORIGIN�OF� CULTIVATED�

POPULATION�COULD�HAVE�HAD�A�HIGHLY�ADMIXED�ANCESTRY�
THAT�WAS� PASSED� DOWN� TO� THE� CULTIVATED� LINEAGE�� 4HE�
ADMIXED�WILD�BARLEY�GENOTYPES�FREQUENTLY�OCCUR�AT�THE�
CONTACT� ZONES� BETWEEN� THE�MODERN�WILD� POPULATIONS��
4HE�SECOND�HYPOTHESIS�IS�THAT�THE�WILD�PROGENITOR�LINEAGE�

INTO� THE� PROTO
DOMESTICATED� POPULATIONS� HAPPENED�
DURING�THE�TRANSITION�TO�CULTIVATION�GRADUALLY�CREATING�THE�
HETEROGENEOUS�ADMIXTURE�PATTERNS��4HE�THIRD�AND�PERHAPS�
THE� LIKELIEST� SCENARIO� IS� A� COMBINATION�OF� THE� ANCESTRAL�

+ORFF������	��

"IOTIC�STRESSES�IN�BARLEY
3EVERAL� DISEASES� AND� INSECTS� ARE� CONSTRAINING� BARLEY�
PRODUCTION�AND�PRODUCTIVITY�IN�DIFFERENT�PARTS�OF�THE�WORLD�
�4ABLE����	�WITH�VARYING�INTENSITIES��4HE�MOST�IMPORTANT�
FUNGAL�DISEASES�IN�BARLEY�INCLUDE�NET�BLOTCH��NET�FORM�AND�
SPOT�FORM	��SCALD��STRIPE��LEAF�AND�STEM�RUSTS��SPOT�BLOTCH��

��2ECENT�TRENDS�IN�GLOBAL�MALT�TRADE��3OURCE��3OURCE��/NLINE�PRESENTATION�
OF�-R��0ETER�7ATTS��-ANAGING�$IRECTOR��#ANADIAN�-ALTING�"ARLEY�4ECHNICAL�
#ENTRE��*ANUARY�����	�
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44+3+� �SYNONYM�OF�5G��	� HAS� BEEN� REPORTED� FROM�
5GANDA�IN������AND�WAS�SHOWN�TO�BE�VIRULENT�ON�����OF�
THE�BARLEY�VARIETIES�WORLDWIDE��4HIS�RACE�HAS�SPREAD�TO�
OTHER�COUNTRIES�IN�!FRICA�AND�HAS�THE�ABILITY�TO�CAUSE�CROP�
FAILURE��)N�SUSCEPTIBLE�CULTIVARS��YIELD�LOSSES�OF�MORE�THAN�
����HAVE�BEEN�OBSERVED��$ILL
-ACKAY�ET���������(ARDER�
AND�,EGGE������	��0OWDERY�MILDEW�CAUSED�BY�"LUMERIA�
GRAMINIS�F��SP��HORDEI�IS�A�COOL�WEATHER�DISEASE�IN�ALL�PARTS�
OF� THE�WORLD��WHERE� CONDITIONS� ARE� DRIER� DURING� EARLY�
VEGETATIVE� CROP�GROWTH�� )T� CAN�CAUSE�YIELD� LOSSES�OF�UP�
TO������WHICH�MAY�INCREASE�WITH�EARLY�ONSET�OF�INFECTION�
DUE�TO�HIGH�INOCULUM�PRESSURE��-ATHRE��������"RAUN�ET�
AL�������	��&USARIUM�HEAD�BLIGHT��&("	�IS�ALSO�AN�IMPORTANT�
DISEASE�IN�COOL�AND�HUMID�REGIONS�OF�THE�WORLD�ESPECIALLY�
53!��#ANADA��#HINA�AND�OTHER�REGIONS�WITH�GOOD�RAINFALL�

HIGH�DISEASE�SEVERITY��&USARIUM�GRAMINEARUM�TELEOMORPH��
&USARIUM� CULMORUM�� AND�&USARIUM� CROOKWELLENSE� �3ALAS� ET�
AL��� ������8UE� ET� AL��� ����	�� )T� CAN� ADVERSELY� AFFECT� THE�

INFECTED� KERNELS��-ANY�&USARIUM� SPECIES� CAUSING� &("�
PRODUCE�MYCOTOXINS� �SUCH� AS� DEOXYNIVALENOL� �$/.	�

HUMAN�AND�ANIMAL�CONSUMPTION��3TEFFENSON��������*OFFE��
����	��3POT�BLOTCH��CAUSED�BY�"IPOLARIS�SOROKINIANA��OCCURS�
UNDER�WARM�AND�HUMID�WEATHER��SUCH�AS�IN�THE�SUB�TROPIC�
REGIONS�OF�33!�AND�3OUTH�!SIA���4HE�YIELD�LOSS�OF�UP�TO�
���� IS� QUITE� COMMON� IN� BARLEY
GROWING� REGIONS� AND�
CAN�BE�HIGHER� IN�MORE�DISEASE� FAVORABLE�ENVIRONMENTS�
�4INLINE��������&ETCH�AND�3TEFFENSON������	��"ARLEY�YELLOW�
DWARF��CAUSED�BY�"ARLEY�9ELLOW�$WARF�6IRUS��IS�THE�MOST�
IMPORTANT�VIRAL�DISEASE�OF�BARLEY�WORLDWIDE��AS�WELL�AS�
IN�NORTH�!FRICA�AND�33!��!N�EARLY�INFECTION�CAN�RESULT�IN�
�����YIELD�LOSS��-ATHRE������	��AND�UP�TO�����YIELD�LOSS�
HAS�BEEN�REPORTED�IN�%THIOPIA��-ULATU�AND�3TEFANIA������	���

$ELIA�ARAMBOURGI�3EGUY��$�� �3TEIN�	�
AND�2USSIAN�WHEAT�APHID��$IURAPHIS�NOXIA�-ORDVILKO	�ARE�

3TUDIES�INDICATED�THAT�THEY�CAN�CAUSE�YIELD�LOSSES�UP�TO�
����AND������ RESPECTIVELY� �-ILLER� AND�!DUGNA�� ������
4AFA�AND�4ADESSE������	��7EEDS�CONSTITUTE�ANOTHER�MAJOR�
BIOTIC�CONSTRAINT�IN�BARLEY�PRODUCTION�IN�.ORTH�AND�%AST�
!FRICA��3OUTH�!SIA��%UROPE�AND�OTHER�REGIONS��)N�%THIOPIA��
GRASSY�WEEDS�HAVE�BEEN�DOCUMENTED�TO�INCUR�YIELDS�LOSSES�
AS�HIGH�AS������4AKELE�ET�AL�������	��4HE�CROP�SUFFERS�THE�
GREATEST�YIELD�REDUCTION�DUE�TO�WEED�COMPETITION�UP�TO�
ITS�THIRD�TO�SIXTH�LEAF�STAGES��3TROUD������	��

!BIOTIC�STRESSES
"ARLEY�IS�A�WINTER�SEASON�CROP�WITH�BETTER�ADAPTATION�TO�DRY�
REGIONS�INCLUDING�HIGHER�ALTITUDE�REGIONS�AND�IT�IS�GROWN�
IN� A�WIDE� RANGE�OF� AGRO
CLIMATIC� REGIONS� UNDER� SEVERAL�

POWDERY�MILDEW��&USARIUM�HEAD�BLIGHT��AND�COVERED�SMUT��
RESPECTIVELY��WHILE�BARLEY�YELLOW�DWARF�VIRUS��"9$6	�IS�
THE�MAJOR�VIRAL�DISEASE��)NCIDENCE�AND�SEVERITY�OF�THESE�
DISEASES� VARIES� FROM� COUNTRY� TO� COUNTRY� AND� SEASON� TO�
SEASON�

4ABLE����)MPORTANT�DISEASE�AND�INSECT�PESTS�AFFECTING�
BARLEY�PRODUCTION

0ESTS 0ESTS
$ISEASES .ET�FORM�OF�NET�BLOTCH��0YRENOPHORA�TERES	��SPOT�FORM�OF�

NET�BLOTCH��0��TERES�F��SP��MACULATE	��SCALD��2HYNCHOSPO

RIUM COMMUNE	��STRIPE�RUST��0UCCINIA�STRIIFORMIS�HORDEI	��
POWDERY�MILDEW��%RYSIPHE�GRAMINIS	��HEAD�BLIGHT�
�&USARIUM�HETEROSPORIUM	��COVERED�SMUT��5STILAGO�
HORDEI	��STEM�RUST��0UCCINIA�GRAMINIS�F��SP��HORDEI	��SPOT�
BLOTCH��"IPOLARIS�SOROKINIANA	

6IRUS "ARLEY�YELLOW�DWARF�VIRUS��"9$6	
)NSECTS $ELIA�ARAMBOURGI�3EGUY��$�� 


BASIS�3TEIN�	��2USSIAN�WHEAT�APHID��$IURAPHIS�NOXIA
-ORDVILKO	��AND�CHAFER�GRUB��-ELOLONTHA�SPP�	

3CALD� �2HYNCHOSPORIUM� COMMUNE	�HAS�BECOME�ONE�OF� THE�
MOST�PREVALENT�DISEASES� IN�.ORTH� AND�%AST�!FRICA��4HE�
INFECTION� IS� FAVORED� IN� COOL� AND�MOIST� AREAS�� AND�YIELD�
LOSSES�OF�UP�TO�����HAVE�BEEN�OBSERVED��3HIPTON�ET�AL���
������:HAN� ET� AL��� ����	��.ET� BLOTCH� IS�MOST� IMPORTANT�
DISEASE� IN� EVERY� BARLEY
GROWING� REGION� OF� THE�!FRICA�
AND�7EST�!SIA��)T�EXISTS� IN�TWO�FORMS��0��TERES� F��SP�� TERES�
CAUSING�NET
FORM�NET�BLOTCH� �.&."	�� AND�0�� TERES� F�� SP��
MACULATA� CAUSING� THE� SPOT
FORM�NET� BLOTCH� �3&."	��!S�
A�COMPLEX� IT�POSES�A� SERIOUS� THREAT� TO�YIELD� STABILITY�OF�
BARLEY� �4EKAUZ�� ����	�� CAUSING� CONSIDERABLE� DAMAGE�
BOTH� QUANTITATIVELY� AND� QUALITATIVELY�� &OR� EXAMPLE�� IN�
-OROCCO�A�YIELD�REDUCTION�OF������HAS�BEEN�REPORTED��%L


CAN�OCCUR�UNDER�SEVERE�EPIDEMICS��-ATHRE������	��-ALT�
QUALITY�TRAITS��SUCH�AS�KERNEL�PLUMPNESS�AND�MALT�EXTRACT��
CAN�ALSO�BE�ADVERSELY�AFFECTED�DUE�TO�NET�BLOTCH�DISEASE�
�-C,EAN� ET� AL��� ����	�� 3TRIPE� RUST� �0UCCINIA� STRIIFORMIS� F��
SP��HORDEI	� IS�VERY�COMMON� IN�3OUTH�!SIA��!FRICA��7EST�
!SIA��53!��ESPECIALLY�IN�THE�COOLER�REGIONS��4HIS�DISEASE�
HAS�THE�POTENTIAL�TO�CAUSE�A�COMPLETE�CROP�FAILURE��5NDER�
EXPERIMENTAL�CONDITIONS�YIELD�LOSSES�OF���
����HAVE�BEEN�
OBSERVED� �3TUBBS�� ������-ARSHALL� AND� 3UTTON�� ����	��
3TUDIES�CONDUCTED�IN�%THIOPIA�INDICATED�THAT�YIELD�LOSSES�
DUE�TO�IMPORTANT�FUNGAL�DISEASES�RANGE�FROM������TO�������
FOR�STRIPE�RUST���������TO��������FOR�NET�BLOTCH�AND�UP�
TO�����FOR�SCALD�� �-ULATU�AND�3TEFANIA������	��4HE� LEAF�
RUST� �0UCCINIA� HORDEI	� IS� GLOBAL� IN�DISTRIBUTION� ACROSS� THE�
CONTINENTS�WHERE�CLIMATE�IS�A�LITTLE�WARMER��"ARLEY�STEM�
RUST� �0UCCINIA�GRAMINIS� F��SP��HORDEI	� IS�ANOTHER� IMPORTANT�
RUST�DISEASE�IN�SOME�REGIONS�OF�33!��3TEFFENSON������	��
3EVERE� INFECTION� AFFECTS� YIELD�BY� REDUCING� THE� SIZE� AND�
WEIGHT� OF� THE� KERNELS��!� NEW� VIRULENT� STEM� RUST� RACE�
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PRODUCTION� SYSTEMS��!T� ALTITUDES� OF� ABOUT� �����MASL�
OR�ABOVE�� IT�MAY�BE�THE�ONLY�CROP�GROWN�THAT�PROVIDES�
FOOD��BEVERAGES�AND�OTHER�NECESSITIES� TO�MANY�MILLIONS�
OF� PEOPLE�� GLOBALLY��"ARLEY� GROWS�BEST� ON�WELL
DRAINED�
SOILS�AND�CAN� TOLERATE�HIGHER� LEVELS�OF� SOIL� SALINITY� THAN�
MOST� OTHER� CROPS�� &OOD�BARLEY� IS� COMMONLY� CULTIVATED�
IN�STRESSED�AREAS�WHERE�SOIL�EROSION��OCCASIONAL�DROUGHT�
OR�FROST�LIMITS�THE�ABILITY�TO�GROW�OTHER�CROPS�IN�%THIOPIA�
�"ERHANU� ET� AL�� ����	�� 4HE�MOST� IMPORTANT� ABIOTIC�
STRESSES� IN�BARLEY�PRODUCTION� IN�DRY� AREAS� ARE�DROUGHT��
HEAT�� COLD� AND� FROST�� LOW� SOIL� FERTILITY�� SOIL� SALINITY� AND�
SOIL� ACIDITY� �LOW� SOIL�P(	�� )N� THE�MID
� LOWLAND�AND� RIFT�
VALLEY�AREAS�IN�DIFFERENT�33!�COUNTRIES��MOISTURE�STRESS�IS�

,ATE�ONSET�AND�EARLY�CESSATION�OF�RAINFALL�ARE�PREDOMINANT�
PHENOMENA�IN�MOST�OF�THE�COUNTRIES��2AINFALL�DISTRIBUTION�
IS� OFTEN� ERRATIC�� RESULTING� IN� A� SHORTAGE� OF� PRECIPITATION�
DURING�CRITICAL�GROWTH�STAGES�OF�THE�CROP��!LSO��BARLEY�DOES�
NOT�THRIVE�IN�POORLY
DRAINED�SOILS�AND�WATER�LOGGING�CAN�
BE�A�SERIOUS�ABIOTIC�STRESS�LIMITING�THE�GROWTH�AND�TILLERING�
SEVERELY��!MONG�CEREAL�SPECIES��BARLEY�IS�REGARDED�AS�THE�
MOST� SENSITIVE� CROP� TO� SOIL� ACIDITY� �7ANG� ET� AL��� ����	���
#URRENTLY��IT�IS�ESTIMATED�THAT�ABOUT�����OF�THE�TOTAL�ARABLE�
LAND�OF�%THIOPIA�IS�AFFECTED�BY�SOIL�ACIDITY��!BDENNA�ET��
AL���������4AYE��������$ESTA������	��WITH�SIMILAR�SITUATION�
EXISTING�IN�%RITREA��+ENYA�AND�4ANZANIA�ALSO�WITH�RESPECT�
TO�DROUGHT�AND�ACID�SOILS��)N�GENERAL��THE�NATIONAL�BREEDING�
PROGRAMS�IN�COUNTRIES�LIKE�%RITREA�AND�%THIOPIA��HAVE�GIVEN�
MORE�EMPHASIS�TO�THE�EVALUATION�OF�LANDRACES�FOR�DROUGHT�
AND�COLD�FROST�STRESSES�UNDER�LOW�TO�MEDIUM�INPUTS�RATHER�
THAN�REPLACING�THE�LOCAL�GERMPLASM�BY�EXOTIC�MATERIALS�IN�
THE�BEGINNING�OF�THE�PROGRAM�TILL�MID
EIGHTIES��"ERHANU�
ET� AL������	�� 4HEREAFTER�� TO� ENRICH� AND� IMPROVE� THE�
GERMPLASM�BASE��EXOTIC�GERMPLASM�OF�BOTH�SIX
ROW�FEED�
FOOD�AND�TWO
ROW�MALT�TYPES�HAVE�BEEN�INTRODUCED�FROM�
)#!2$!�AND�OTHER�SOURCES�IN�33!��ESPECIALLY�IN�%THIOPIA�
AND�%RITREA��'RANDO�AND�'OMEZ�-ACPHERSON������	��!�
CRITICAL�SHORTAGE�OF�IMPROVED�BARLEY�VARIETIES�ADAPTED�TO�
LOW
MOISTURE� STRESS� CONDITIONS� IS� A�MAJOR�PROBLEM�AND�
HENCE�FARMERS�ARE�FORCED�TO�GROW�LOW�YIELDING�GENOTYPES�
IN�%RITREA��%THIOPIA�AND�+ENYA��4HEREFORE��THE�BREEDING�
PROGRAMS�IN�!FRICA�AND�7EST�!SIA��HAVE�RELIED�MOSTLY�ON�
GERMPLASM�INTRODUCED�FROM�EXOTIC�SOURCES��PARTICULARLY�
FROM�THE�)NTERNATIONAL�#ENTRE�FOR�!GRICULTURAL�2ESEARCH�
IN�THE�$RY�!REAS��)#!2$!	��4O�DATE��SEVERAL�THOUSANDS�
OF� GENOTYPES� RECEIVED� FROM� )#!2$!�AS� )NTERNATIONAL�
.URSERIES�HAVE�BEEN�EVALUATED�IN�LOW�MOISTURE�CONDITIONS�
AND�SEVERAL�GENOTYPES�AND�LINES�WITH�THE�DESIRED�DROUGHT�

"ARLEY�)MPROVEMENT�0ROGRAM�AT�)#!2$!

4HE�)NTERNATIONAL�#ENTER�FOR�!GRICULTURAL�2ESEARCH�IN�$RY�
!REAS��)#!2$!	�IS�ONE�OF�THE����#')!2�CENTERS�AND�HAS�

FOR�NON
TROPICAL�DRY�AREAS�ACROSS�THE�GLOBE��2EALIZING�THE�
IMPORTANCE�OF�BARLEY�AS�THE�FOURTH�MAJOR�GRAIN�CROP�AFTER�
RICE��WHEAT��AND�MAIZE��)#!2$!�HAS�BEEN�ENGAGED�IN�
CONTRIBUTING�RESEARCH�AND�DEVELOPMENT�OF�BARLEY�AT�GLOBAL�
SCALE�SINCE�ITS�ESTABLISHMENT��"ARLEY�IS�GROWN�IN�MORE�THAN�
���COUNTRIES�WITH�����M�HA�IN�DRY�AREAS�UNDER�)#!2$!�
IMMEDIATE�MANDATE�REGIONS��&IGURE��	��4HERE�ARE�MORE�
THAN� ����MILLION� FARMING� FAMILIES� WHO� ARE� DIRECTLY�
ENGAGED�IN�BARLEY�PRODUCTION�IN�DEVELOPING�COUNTRIES�WITH�

OFF
FARM�ACTIVITIES�IN�BARLEY�VALUE
CHAIN��&!/34!4�����	�

��$ISTRIBUTION�OF�BARLEY�GROWING�DEVELOPING�COUNTRIES�IN�!SIA�
AND�!FRICA��3OURCE��#20�$RYLAND�#EREALS	�

"ARLEY�IS�THE�KEYSTONE�CROP�IN�NON
TROPICAL�DRY�AREA�ACROSS�
THE�GLOBE��,IVELIHOOD�OF�POOR�FARMERS�AND�THEIR�LIVELIHOOD�
STRATEGY�WHICH� IS� BASED� ON� LIVESTOCK� �ESPECIALLY� SMALL�
RUMINANTS	�THEY�OWN��ARE�DEPENDENT�ON�BARLEY��BOTH�AS�
FOOD�AND�FEED�AND�FORAGE�CROPS	��)N�DRY�AREAS��A�CONSERVATIVE�
ESTIMATE�INDICATES�THAT�ONE�HA�OF�BARLEY�PRODUCTION�CAN�
NORMALLY�SUPPORTS���SMALL�RUMINANTS��SHEEP�AND�GOAT	�FOR�
FEED�AND�FODDER�FOR�ONE�YEAR��4HEREFORE��POTENTIALLY�BARLEY�
HAS� BEEN� KEY� FEED� AND� FORAGE� CROPS� SUPPORTING�MORE�
THAN����MILLION�SMALL�RUMINANTS�IN�DRY�AREA��)T�IS�EVIDENT�
THAT� SMALL� RUMINANTS�ARE� THE� LIVELIHOOD�ASSETS� FOR� SMALL�
FARMERS�ESPECIALLY�IN�DRY�AREAS�AND�BARLEY�HAS�A�PIVOTAL�
ROLE�IN�LIVELIHOOD�OF�POOR�FARMERS��4HE�OTHER�POTENTIALS�

ADDITION�OF�NATURAL�PROPERTIES�OF�BARLEY�GRAIN�SUCH�AS�FOOD�
CROP� �VALUE� ADDED� FOOD�PRODUCTS	�� FORAGE� �HYDROPONIC�
GREEN�FORAGE�THROUGHOUT�THE�YEAR�WITH�LIMITED�WATER�USE	��
IN�ADDITION� TO� THE� INCREASING�USE� FOR�MALTING� �ALCOHOLIC�
AND� NON
ALCOHOLIC� BEVERAGES	�� AND� NUTRACEUTICAL� FOOD�

CHOLESTEROL��HIGHER�ANTIOXIDANT�ACTIVITIES	� IN�DEVELOPING�
WORLD�� )#!2$!�S� BARLEY� IMPROVEMENT� PROGRAM� IS�
STREAMLINED�WITH�#')!2�2ESEARCH�0ROGRAM�ON�$RYLAND�
#EREALS� �#20$#	�DURING� ITS�PHASE
)�AND�NOW�WITH� THE�
#20�ON�,IVESTOCK��4HE�BARLEY�RESEARCH�IS�ORGANIZED�WITH�

THE�NEEDS�OF�MANY�TARGET�COUNTRIES��(OWEVER��BARLEY�BEING�
THE� GLOBAL�MANDATE� CROP�� )#!2$!�HAS� BEEN� SERVING�
NON
FOCAL� COUNTRIES� AS�WELL� THROUGH� DIRECT� GERMPLASM�



"ARLEY��'LOBAL�CHALLENGES�AND�PERSPECTIVES�UNDER�NON
TROPICAL�DRY�AREAS�

���

BARLEY�IMPROVEMENT�IN�FOCAL�REGIONS�ARE�BEING�ADDRESSED�
WITH�GREATER�COLLABORATION�WITH�THE�COUNTRIES�WHICH�HAVE�
COMPETENCE�AND�CAPABILITIES�IN�THE�REGION�AND�)#!2$!�

IS�TAKING�UP�RESEARCH�FOR�DEVELOPMENT��2�$	�FOR�THE�TARGET�
COUNTRIES�WITH�THE�HELP�OF�THESE�FOCAL�COUNTRIES�

2EGION &OCAL�#OUNTRY 4ARGETED�COUNTRIES 0RODUCTION�CONSTRAINTS�OF�THE�REGION
.ORTH�!FRICA� -OROCCO !LGERIA��4UNISIA��,IBYA��%GYPT��-AURETANIA $ROUGHT�AND�HEAT�AND�STRESS��DISEASES�AND�

INSECT�PESTS
%AST�!FRICA� %THIOPIA %RITREA��+ENYA��4ANZANIA��3OUTH�!FRICA��

9EMEN
,OWER�PRODUCTIVITY�OF�MALT�AND�FOOD�BARLEY��
DROUGHT��ACIDIC�SOILS�DISEASES�AND�WEEDS��

3OUTH�!SIA� )NDIA #HINA��0AKISTAN��!FGHANISTAN��.EPAL��"ANGLA

DESH��"HUTAN�

0RODUCTIVITY�OF�MALT�BARLEY��DEMAND�INCREAS

INGLY���
�����ANNUALLY	��LACK�OF�HIGH�YIELD

ING�VARIETIES�FOR�MARGINAL�AREAS��FOOD��HIGH�

FOLIAR�BLIGHTS��APHID	
7EST�!SIA� )RAN 3YRIA��)RAQ��*ORDAN��,EBANON��!RMENIA�� #OLD��HEAT�AND�DROUGHT�STRESS��BIOTIC�STRESSES�

�LEAF�RUST��POWDERY�MILDEW�AND�SCALD	
7EST�!SIA�� 4URKEY 3YRIA��)RAQ��*ORDAN��,EBANON��!RMENIA��

'EORGIA��!ZERBAIJAN��
#OLD�AND�DROUGHT�STRESS��BIOTIC�STRESSES��NET�
BLOTCH��SCALD��INSECT�PESTS	

#ENTRAL�!SIA� +AZAKHSTAN 5ZBEKISTAN��!ZERBAIJAN�4AJIKISTAN��+YRGYZ

STAN��4URKMENISTAN�

$ROUGHT��HEAT��COLD�AND�SALINITY�STRESSES��
LOWER�PRODUCTIVITY�OF�MALT�AND�FEED�VARIETIES��
DISEASES�AND�INSECT�PESTS

2EST�OF�THE�WORLD�DRY�AREAS��!USTRALIA��,ATIN�!MERICA��%UROPE	�BARLEY�REQUIREMENTS�ARE�ALSO�ADDRESSED�THROUGH�ELITE�GERMPLASM�
DISTRIBUTION�

4ABLE����&OCAL�AND�TARGET�COUNTRIES�WITH�PRODUCTION�CONSTRAINTS�UNDER�#20�$#�ON�BARLEY�

"ARLEY�IS�THE�CLIMATE�RESILIENT�CROP�FOR�PRESENT�AND�FUTURE�
"ARLEY� IS�SUCCESSFULLY�GROWN�AND�CULTIVATED� IN�DRYLANDS�
OF�ARID��SEMI
ARID�AND�TEMPERATE�REGIONS�OF�THE�WORLD�IN�
GENERAL�AND�!FRICA�AND�!SIA� IN�PARTICULAR��"ARLEY�IS� THE�
MOST� IMPORTANT� FEED�AND� FOOD�CROP� FOR�CLIMATE�CHANGE�
CONSIDERING�ITS�RESILIENCE�AND�BUFFERING�CAPACITY�AS�WELL�
AS�TO�ADAPT�QUICKLY�TO�THE�GRADIENTS�OF�MOISTURE�STRESSES�
AND�SHORT�GROWING�SEASON��(AVING�EARLY�VIGOR�AND�BEING�
FASTER�VEGETATIVELY�GROWING�CROP�AMONG�SMALL�GRAINS��IT�IS�
ADAPTED�TO�THE�RAISING�TEMPERATURE�AND�FREQUENT�DROUGHTS���
4HE�RANGE�OF�CULTIVATION�OF�BARLEY�IS�FROM�THE�SEA�LEVEL�TO�AS�
HIGH�AS���
���THOUSAND�FEET�HIGH�IN�THE�COLD�DESERTS��WHERE�
NO�OTHER�CROP�CAN�BE�GROWN	��PROVIDING�THE�HUMAN�FOOD��
AND�FEED�AND�FORAGE�FOR�LIVESTOCK��4HE�ADDED�ADVANTAGE�
OF�THRIVING�IN�COLD�STRESS�WITH�FASTER�BIOMASS�PRODUCTION�
MAKES�WINTER�TYPE�BARLEY�A�POSSIBLE�OPTION�IN�COLD�REGIONS�
OF�WEST�AND�CENTRAL�!SIA��4HE�WORLDWIDE�INCREASING�SALINITY�
PROBLEM�ALSO�MAKES�BARLEY�AS�A�CROP� FOR�MARGINAL�AND�
PROBLEMATIC� SOILS�� )N� THE�DRYLAND�AREA��MAJOR� CROPPING�
SYSTEM� IS� CEREAL
FOOD� LEGUME� �AND�OR� FEED	� BASED� AND�
BARLEY�DOMINATES�AS�MAJOR�CEREAL�IN�THE�CROPPING�SYSTEMS�
PREVAILING�IN�THE�ARID�AND�SEMI
ARID�ZONES��)N�THE�#20�
PROGRAMS��#20�$RYLAND�#EREALS��$#	�IN�ADDITION�TO�FEED�
AND�FODDER�USES��BARLEY�AS�FOOD�CROP�WAS�ALSO�GIVEN�HIGH�
PRIORITY��ESPECIALLY�FOR�THE�.ORTH�!FRICA�AND�%AST�!FRICA��
WHERE�VALUE�ADDITION�FOR�MAKING�DIFFERENT�BARLEY�PRODUCTS�
FOR�SMALL� SCALE� INDUSTRIES� IS�BEING� TAKEN�UP�BY�NATIONAL�
PROGRAMS��-OROCCO�CONSIDERS�BARLEY�AS�A�MAJOR�FOOD�CROP�
AND�HAS� RECENTLY� RELEASED� TWO�HUSKLESS�BARLEY�CULTIVARS�
FROM�)#!2$!�GERMPLASM�INTRODUCTION�WITH�HIGHER�&E��

:N�AND 
GLUCAN��#URRENTLY�BARLEY�HAS�BEEN�INCLUDED�IN�THE�
#20�ON�,IVESTOCK��WITH�OBJECTIVES�OF�FEED��FORAGE�AND�DUAL�
PURPOSES�CROP�FOR�THE�DRY�AREAS�TO�SUPPORT�THE�LIVESTOCK�IN�
THE�TARGET�REGIONS�IN�!FRICA�AND�!SIA��4HE�SHORT�AND�FAST


SYSTEMS�WITH�VARIOUS� LEGUMES��5NDER�THE�ONE�YEAR�TWO�
SEASONS�ROTATIONS�ALSO�BARLEY�IN�WINTER�SEASON�IS�AN�IDEAL�
CROP�FOR�ROTATION�WITH�LEGUMES��CEREALS�OF�SUMMER�SEASON��
)N� )#!2$!�� THE�MAJOR� COMPONENTS� OF� SPRING� BARLEY�
RESEARCH�ARE�LOW�INPUT�PROGRAM�FOR�STRESSED�ENVIRONMENT�
�&EED��&OOD�AND�FORAGE�BARLEY	��AND�HIGH�INPUT�PROGRAM�
FOR�OPTIMAL�ENVIRONMENTS��&OOD��FEED�AND�MALT�BARLEY	��
4HE�WINTER�BARLEY�PROGRAM�ADDRESSES�THE�FOOD�AND�FEED�
ASPECTS� UNDER� COLD� AND�DROUGHT� STRESSED� ENVIRONMENTS�
MAINLY�FROM�4URKEY�BASE��)N�ADDITION��PRE
BREEDING�USING�
WILD�BARLEY�AND�LANDRACES�AND�TRAIT�DISCOVERY�IN�BARLEY�
GENETIC�RESOURCES�ARE�OTHER�IMPORTANT�ASPECTS��%VERY�YEAR�
NEARLY�������ELITE�LINES�ARE�EVALUATED�TO�MEET�THE�DEMAND�

)#!2$!�CONTRIBUTES� A� TOTAL� OF�MORE� THAN� ���� SETS� OF�
TRIALS�AND�NURSERIES�TO�MORE�THAN����COLLABORATORS�ACROSS�
��
���COUNTRIES��MAJORITY�DEVELOPING�COUNTRIES	�THROUGH�
)NTERNATIONAL�.URSERY�PROGRAM��4HE�SUCCESS�OF�CONTINUOUS�
IMPROVEMENT�OF�)#!2$!�GERMPLASM�LIES�IN�THE�FACT�THAT�
)#!2$!�BARLEY�PROGRAM�HAS�USED�BARLEY�LANDRACES�AND�
WILD�GERMPLASM�FOR�TRAIT�DISCOVERY�AND�TRAIT�INTEGRATION�
FOR� SEVERAL� YEARS�� )#!2$!�S� GENE� BANK� HOLDS�MORE�
THAN�������BARLEY�ACCESSIONS�OF�WHICH������ACCESSIONS�
ARE�WILD�RELATIVES�OF�BARLEY��2ECENTLY�OUR�GENE�BANK�HAS�
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3TRATEGY��&)'3	�TO�MINE�POTENTIALLY�IMPORTANT�GERMPLASM�
FOR� VARIOUS� TRAITS��#URRENTLY� )#!2$!� IS� COLLABORATING�
WITH�SEVERAL�INSTITUTES�AND�ORGANIZATION�GLOBALLY�MINING�
BARLEY�GENETIC�RESOURCES�USING�&)'3�APPROACHES�INCLUDING�
"!2,%9
#!)'%�PROGRAM�WITH�!USTRALIAN�PARTNERS��3O�
FAR��SEVEN�&)'3�SUB
SETS�HAVE�BEEN�DEVELOPED�IN�BARLEY�

�0OWDERY�MILDEW�� NET� BLOTCH�� YELLOW� RUST�� "9$6�AND�
BARLEY�GALL�MIDGE	��&)'3�APPROACH�USES�ALGORITHMS�LINKING�
ENVIRONMENTAL� CONDITIONS�WITH� SOUGHT� TRAITS� TO� SELECT�
SUBSETS�WITH�FEWER�ACCESSIONS�HAVING�HIGHER�PROBABILITY�

ALLOWED�TO�IDENTIFY�ADEQUATE�SOURCES�OF�RESISTANCE�TO�0-��
"9$6��.ET� BLOTCH� AND�DROUGHT��4HE� GENETIC� DIVERSITY�

OF�)#!2$!�S�BARLEY�PROGRAMS�IS�HIGH�AND�COMPARABLE�
TO� SEVERAL� INTERNATIONAL� COLLECTIONS�� )N� THE�PAST� SEVERAL�
�
ROWED�BY��
ROWED�CROSSES�HAVE�BEEN�MADE��THEREFORE��AN�
OVERLAP�BETWEEN�TWO
ROWED�AND�SIX
ROWED�GERMPLASM�IS�
REPORTED�OFTEN�WITHIN�)#!2$!�S�BARLEY�GENETIC�RESOURCES��
$URING�����
������MORE�THAN�����BARLEY�VARIETIES�HAVE�
BEEN� RELEASED�ACROSS�GLOBE�BY�DIFFERENT� COUNTRIES��WITH�
DIRECT�INTRODUCTION�OF�GERMPLASM�FROM�)#!2$!�S�BARLEY�
BREEDING�PROGRAMS��OUT�OF�WHICH�����RELEASES�WERE� IN�
DEVELOPED� COUNTRIES� INCLUDING�!USTRALIA� AND�#ANADA��
$URING�LAST����YEARS�PERIOD����CULTIVARS�HAVE�BEEN�RELEASED�
IN� ��� COUNTRIES� �4ABLE� �	��WHERE� )RAN��%THIOPIA��#HINA�

INCLUDE�VARIETIES�DEVELOPED� THROUGH�HYBRIDIZATION�WITH�
)#!2$!�GERMPLASM�

#OUNTRY 6ARIETY 4OTAL
!FGHANISTAN "ALKH������3HAMAL������BOTH�����	 �
!LGERIA &OUARA������	 �
!ZERBAIJAN 'UDRATLI�����'ARABAKH����BOTH�����	��$EYANETLI������	��3ADIG������	 �
"RAZIL 3AVAVNNA������	 �
#HINA 9UNGING
�������	��9UNDAMAI���9UNDAMAI���9UNDAMAI���!LL�����	��9UNDAMAI���9UNDA


MAI���BOTH�����	
�

#YPRUS� ,EFKA��-ORFO�AND�4RIKOMO��ALL�����	 �
%THIOPIA $IRIBE������	��'OBE��)"/.��������BOTH�����	��("�������("�������3INGITAN��ALL�����	��

-OATA�AND�!DOSHE��BOTH�����	
�

)NDIA "(3���������	��5"0�����������	��0,����������	��"(3���������	��6,"���������	��
6,"���������	

�

)RAN .IMRUZ�AND�-AHOR������	��9OUSEF��&AJRE����AND�"AHMAN������	��+HORRAM������	��.ADER�
�����	��!NSAR������	��"EHDAN��-AHTAB��.OROOZ��ALL�����	

��

-EXICO� $O×A�*OSEFA������	 �
-OROCCO #HIFAA��).2!����	��!SSIYA��).2!����	��BOTH�����	�+HNATA��).2!����	�AND�+SIBA�

�).2!�����	��BOTH�����	
�

0ERU ,A�-ILAGROSA������	 �
4AJIKISTAN 0ULODI������	 �
4UNISIA +OUNOUZ������	� �
4URKEY +ENDAL������	�"URKUT��(EVSEL��BOTH�����	 �

4OTAL ��

4ABLE�����.EW�CULTIVARS�RELEASED�IN�DIFFERENT�COUNTRIES�AS�INTRODUCTIONS�FROM�)#!2$!�ELITE�GERMPLASM�
DURING�LAST����YEARS

4HE� BARLEY� PROGRAM� OF� )#!2$!� HAS� BEEN� RECENTLY�
REORGANIZED�AND�STREAMLINED�WITH�#20�$#��4HE�SPRING�
BARLEY� �LOW� AND� HIGH� INPUTS	� PROGRAMS� HAVE� BEEN�
RELOCATED� IN�-OROCCO��WHILE�WINTER� PROGRAM� IS� BASED�
IN�4URKEY��,EBANON� IS� SERVING� AS� HUB� OF� )NTERNATIONAL�
.URSERY�PROGRAM�AND�NEW�EVALUATION� SITES� IN�%THIOPIA�

OF� THE� PROGRAM��$ESPITE� THE� RECENT� REORGANIZATION� OF�
)#!2$!�PROGRAM�IN�DIFFERENT�LOCATION��BARLEY�PROGRAM�
HAS�SUCCESSFULLY�DELIVERED�USEFUL�GENETIC�RESOURCES�TO�ITS�
COLLABORATORS�ACROSS�GLOBE��2ECENTLY��MALT�AND�NUTRIENT�
DENSE�FOOD�BARLEY��HIGH�:N��&E�AND 
'LUCAN	�COMPONENT�

HAVE� RECEIVED� GREATER� ATTENTION� AT� )#!2$!� TO�MEET�
INCREASING� DEMAND� OF� DIVERSE� RAW�MATERIALS� REQUIRED�
BY�BARLEY� INDUSTRY� IN� DEVELOPING� COUNTRIES��4HE� LATEST�
INCLUSION� IN� )#!2$!�BARLEY� PROGRAM� IS� THE�MALTING�
QUALITY�IMPROVEMENT�ASPECTS��RECENTLY�ADDRESSED�THROUGH�
0RIVATE
0UBLIC� 0ARTNERSHIP� �000	�� IN�-EXICO�WITH�-�S�
)MPULSORA�!GRICOLA�DE�3!��)!3!	�A�JOINT�SUBSIDIARY�OF�!"�

ADVANCED�GENOTYPES�WITH�EXCELLENT�GRAIN�AND�MALT�TRAITS�
IN�TWO�AND�SIX�ROW�TYPES��WHICH�HAVE�GREAT�POTENTIAL�IN�
%AST�!FRICA�AND�3OUTH�!SIA�REGIONS�WHERE�THE�DEMAND�ON�
MALTING�BARLEY�IS�ON�CONTINUOUS�RISE�IN�RECENT�PAST��%THIOPIA�
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AND�)NDIA�NATIONAL�PROGRAM�ARE�MAKING�GOOD�USE�OF�SUCH�
GENOTYPES� IN� EVALUATION� AND� RELEASE� IN� THE� COUNTRY� FOR�
MEETING�THE�REQUIREMENT�OF�MALTING�AND�BREWING�INDUSTRY��
!NOTHER�ASPECT�OF�MALT
BASED�ENERGY�DRINKS� FOR� INFANTS�
AND� CHILDREN� IS� ALSO� TARGETED�WITH�DEVELOPING� CULTIVARS�
FOR�NON
BREWER�S�MALT��

"OTTLENECKS� AND� FUTURE� PROSPECTS� FOR� BARLEY�
IMPROVEMENT
'ENETIC�BOTTLENECK

3INCE� AND� DURING� DOMESTICATION�� CERTAIN� SELECTION�
PRESSURES�FORCE�THE�CROP�PLANTS�TO�CHANGE�IN�THEIR�GENETIC�

CULTIVATED�BARLEY�IN�COMPARISON�TO�WILD�SPECIES��4ANKSLEY�
AND�-C#OUCH������	��-ANY�GENES�WERE�LOST�DURING�THE�
PROCESS� OF� DOMESTICATION� AND�MODERN�BREEDING��WHICH�
NOW�WARRANTS� INTROGRESSION� OF� NEW� GENES� IN� BARLEY�
�+ILIAN� ET� AL��� ����	�� 4HE� AVAILABLE� GENETIC� RESOURCES�
NEED� TO� BE� INVESTIGATED�WITH�MODERN� GENETIC� TOOLS� FOR�
THE�MUCH
NEEDED� INCREASE� IN� YIELD� POTENTIAL�� AS� IN� THE�
PAST� LINKAGE� DRAG�� INVOLVING� UNDESIRED� LINKED� GENES��
OFTEN� HAMPERED� THEIR� USE� AS� PARENTAL� STOCKS� IN� PLANT�
BREEDING��7ILD�GENE�POOLS�AND�LANDRACES�CAN�BE�UTILIZED�
FOR� INCREASING� CROP� PRODUCTIVITY� AND� STRESS� RESISTANCE�
TOLERANCE� UNDER� CHANGING� ENVIRONMENTAL� CONDITIONS�
�"OCKELMAN�AND�6ALKOUN��������+ILIAN�ET�AL���������8U�
ET�AL�������	��3UB�3AHARAN�AND�.ORTH�!FRICA�ARE�THE�HOME�
OF�BARLEY�LANDRACES��WHICH�ARE�GENETICALLY�HETEROGENEOUS�
POPULATIONS� COMPRISING� NEAR
HOMOZYGOUS� INBRED�
INDIVIDUALS� AND�HYBRID� SEGREGATES� GENERATED� BY� A� LOW�
LEVEL� OF� RANDOM�OUTCROSSING� AMONG� THOSE� INDIVIDUALS�
IN� EACH� GENERATION� �.EVO�� ����	��4HESE�HETEROGENEOUS�
PLANT�VARIETIES�ARE�STILL�BEING�REPRODUCED�BY� FARMERS�AS�

AND�NATURAL�SELECTION��4HE�TRAITS�DERIVED�FROM�LANDRACES�
OF�BARLEY�ARE�PRINCIPAL�CONTRIBUTOR� TOWARDS�AGRICULTURAL�
PRODUCTION�� REPRESENTING� OVER� ���MILLION� HECTARES�
WORLDWIDE�COMPRISING�NINE�COUNTRIES�WITH�#ANADA��53!�
AND� )#!2$!� IN� 3YRIA� BEING� THE�MAJOR� CONTRIBUTORS�
�!LTIERI�� ����	�� )N�MANY�DEVELOPING� COUNTRIES�� FARMERS�
MAINTAIN� TRADITIONAL� VARIETIES� INDEPENDENTLY�WITH� SEED�
OFTEN�OBTAINED�FROM�RELATIVES��NEIGHBORS�OR�LOCAL�MARKETS�
�-C'UIRE������	��4HE�GENETIC�STRUCTURE�OF�THESE�LANDRACES�
MAY�BE�CONSIDERED�AS�AN�EVOLUTIONARY�APPROACH�TO�SURVIVAL�
AND�PERFORMANCE� UNDER� ARID� AND� SEMI
ARID� CONDITIONS�
�3CHULZE������	��AND�CAN�HOPEFULLY�PROVIDE�A� SOURCE�OF�
ALLELES�FOR�ADAPTATION�TO�CLIMATE�CHANGE��

0RE
BREEDING�AND�EXPLORATION�OF�GENETIC�DIVERSITY
!� CONSIDERABLE� YIELD� ADVANTAGE� OF� CERTAIN� LANDRACES�
OVER�MODERN� VARIETIES� IN� VERY� LOW� RAINFALL� CONDITIONS��

WITH� LITTLE� OR� NO� USE� OF� INPUTS�� HAS� BEEN� REPORTED� BY�
#ECCARELLI� AND�'RANDO� �����	�� "ARLEY� LANDRACES� HAVE�
DEVELOPED� ABUNDANT� PATTERNS� OF� VARIATION� AND�WOULD�
REPRESENT� A� LARGELY� UNTAPPED� RESERVOIR� OF� USEFUL� GENES�
FOR�ADAPTATION�TO�BIOTIC�AND�ABIOTIC�STRESSES��"RUSH������	�
TO� CONTRIBUTE� TO� THE� IMPROVEMENT� OF�MODERN� VARIETIES�
�(ADJICHRISTODOULOU�� ������6ETELËINEN�� ����	�� !S� AN�
EXAMPLE��FOR�BIOTIC�STRESSES��NINETEEN�MAJOR�GENES��2PH	�
FOR�RESISTANCE�AGAINST�0UCCINIA�HORDEI
AND�MAPPED� IN� BARLEY� LANDRACES� AND�WILD� BARLEY� �(��
VULGARE�SSP�SPONTANEUM	��7EERASENA�ET�AL�������	��'ENERALLY��
IN�BOTH�DEVELOPING�AND�DEVELOPED�COUNTRIES��THE�USE�OF�
WILD�CROP�RELATIVES�SUCH�AS�(��SPONTANEUM�AND�LANDRACES�
IS�NOT�COMMON�IN�BARLEY�BREEDING��'RANDO�ET�AL�������	��
4HEIR�BREEDING�PROGRAMS�FOCUS�ON�USING�NEWLY�RELEASED�
VARIETIES�AND�ELITE�GERMPLASM�AS�PARENTS�FOR�HYBRIDIZATION��
!LTHOUGH�MOST�OF�THE�RECENT�BREEDING�MATERIAL�IS�OF�COURSE�
ORIGINALLY� DERIVED� FROM� PREVIOUS� LANDRACES�� STILL� THE�
BREEDING�EFFORTS�RELY�ON�A�RELATIVELY�NARROW�GENE�POOL�OF�
MODERN�GERMPLASM��"ARLEY�LANDRACES�ARE�EXPECTED�TO�BE�
A�SOURCE�OF�VALUABLE�GERMPLASM�FOR�SUSTAINABLE�AGRICULTURE�
IN� THE� CONTEXT� OF� FUTURE� CLIMATE� CHANGE� AND� PROVIDE�
IMPROVED�ADAPTATION� TO� LOCAL�ENVIRONMENTS� �"ELLUCCI� ET�
AL�������	��4HESE�COLLECTIONS�OF�LANDRACES�ARE�LOOKED�UPON�
AS�IMPORTANT�SOURCES�OF�GERMPLASM�WITH�WHICH�TO�ENRICH�
MODERN� BARLEY� VARIETIES� �4ESTER� AND�,ANGRIDGE�� ����	��
%XPLOITATION�OF�THESE�LANDRACES�IN�MODERN�CROP�BREEDING�
REQUIRES�UNDERSTANDING�OF�THEIR�PHENOTYPIC�CHARACTERISTICS��
ENVIRONMENTAL�ADAPTATIONS�AND�THE�UNDERPINNING�GENETICS��
ALONG�WITH�THEIR�EVOLUTIONARY�RELATIONSHIPS��0RE
BREEDING�
EFFORTS� ARE� ESSENTIAL� TO� BE� TAKEN�UP�BY�DEDICATED�BASIC�
RESEARCH�PROGRAMS��AS� THE�MAIN�BREEDING�PROGRAMS�ARE�
FOCUSED�IN�VARIETY�DEVELOPMENT��OFTEN�DEPENDENT�EITHER�ON�
INTRODUCTIONS�OR�LIMITED�HYBRIDIZATION�BETWEEN�IMPROVED�
VARIETIES��4HE�OBVIOUS� REASONS�MAY�BE� THE� SHORTAGE�OF�
FUNDS�AND�MANPOWER�AND�PRIORITY�SETTING�BY�THE�CONCERNED�
INSTITUTES��4HAT�THE�INCORPORATION�OF�NOBLE�GENES�FROM�WILD�
RELATIVES�CAN�REALLY�BE�ACHIEVED�IN�MODERN�CEREAL�BREEDING�
HAS�SUCCESSFULLY�BEEN�PROVEN�IN�BREAD�WHEAT�BREEDING�BY�
#)--94��VAN�'INKEL�AND�/GBONNAYA������	��RESULTING�IN�
SEVERAL�DOZENS�OF�COMMERCIAL�VARIETIES�RELEASED�TO�FARMERS�
BY�NATIONAL� PROGRAMS� CONTAINING� A�WILD�WHEAT� RELATIVE�
AS�A�PARENT��4HEIR�APPROACH�CAN�SERVE�AS�AN�EXAMPLE�FOR�
BARLEY�BREEDING��

"REEDING�GOALS�AND�PROJECTED�PROGRESSES

"ESIDES�INTRODUCING�GENETIC�DIVERSITY�FROM�WILD�RELATIVES�
AND�LANDRACES��A�SECOND�MAJOR�FOCUS�TO�IMPROVE�BARLEY�
PRODUCTION� IS� ON� ENHANCING� HUMAN� AND� INFRASTRUCTURE�
CAPACITY� OF� THE� BARLEY� RESEARCHERS� TO� SUCCESSFULLY� USE�
MODERN�BIOTECHNOLOGICAL� TOOLS�� )N� TERMS�OF� TRAITS�� AFTER�
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YIELD�AND�YIELD�STABILITY��PRIORITY�IS�TO�BE�GIVEN�TO�DISEASE�
AND� PEST� MANAGEMENT� THROUGH� HOST� RESISTANCE� FOR�
SUSTAINABLE�PRODUCTION��5PTAKE�OF�MODERN�VARIETIES�WILL�
ALSO�BE�ENHANCED�IF�DISTINCT�VARIETIES�ARE�BRED�ADDRESSING��
VARIOUS�AGRO
ECOSYSTEMS��INCLUDING�THE�MARGINALIZED��DRY��
HOT�ENVIRONMENTS�AND�THE�MORE�OPTIMUM�ENVIRONMENTS�
WITH� IRRIGATION� POTENTIAL��(AND
IN
HAND�WITH� GENETIC�
IMPROVEMENT��SOIL�FERTILITY�AND�AGRONOMIC�MANAGEMENT�
OF� STRESSED� SOILS�� SUCH� AS� DUE� TO� ACIDITY�� SALINITY� AND�
WATERLOGGING�� NEEDS� TO� BE� UNDERTAKEN�� 4HIS� REQUIRES�
CLOSE� COOPERATION� BETWEEN� BREEDERS�� AGRONOMISTS� AND�
ALSO�PHYSIOLOGISTS��-ARKET�COMPETITIVE�PRODUCTION�WILL�BE�
ENHANCED�IF�TARGETED�FOCUS�IS�GIVEN�TO�IMPROVING�MALTING�
QUALITY�TO�A�SHARE�OF�THE�NEW�VARIETIES��.UTRITIONAL�SECURITY�
CAN�BE�IMPROVED�THROUGH�MICRONUTRIENT�ENRICHMENT�BY�

DEPEND�ON� OTHER� HIGH
PRIORITY� NEEDS� IN� NEW�VARIETIES��
-ECHANIZATION�EMPHASIS�IS�BECOMING�ESSENTIAL�AND�NEED�
FOR� SUITABLE� CULTIVARS� TO� ADOPT� THE� REQUIREMENTS� SUCH�
AS� NON
BRITTLE� SPIKES�� BECOMES� AN� IMPORTANT� BREEDING�
OBJECTIVE�� )N� SOME� PARTS� OF� 33!� INCREASED� AND�MORE�
ERRATIC� DROUGHT� IS� PREDICTED�� WHILE� IN� OTHERS� RAINFALL�
MAY� INCREASE�BUT� FALL� IN� THE� FORM�OF� A� LIMITED�NUMBER�
OF�STRONG�OUTBURSTS��4HIS�REQUIRES�THAT�RESEARCH�SCIENTISTS�
AND�OTHERS�ALONG�THE�PATHWAY�TO�PROVIDE�SEED�OF�ADAPTED�
VARIETIES�TO�FARMERS�NEED�TO�BE�VERY�VIGILANT�AND�FOCUSED�
ON�MONITORING�CHANGE��SO�THE�2�$�FOCUS�AND�SCOPE�CAN�
BE�ADJUSTED�QUICKLY��

!PPLICATION�OF�BIOTECHNOLOGIES

7ITH� THE� ADVENT� OF�MOLECULAR�MARKERS�� THE� ABILITY� TO�
UTILIZE�WILD� RELATIVES� IN� CROP� IMPROVEMENT� HAS� GREATLY�
IMPROVED��8IAO�ET�AL�������	��)N�MANY�BREEDING�PROGRAMS�
MOLECULAR�BREEDING�COMPLEMENTS�CONVENTIONAL�BREEDING��
AS�THESE�NEW�TOOLS�ALLOW�BREEDERS�TO�IDENTIFY�AND�FOLLOW�
DESIRED�ALLELES�THROUGH�MARKER
ASSISTED�SELECTION��-!3	�
IN�THE�BREEDING�SELECTION�PROCESS��2AO�ET�AL�������	��4HE�
PROGRESS� IN� BIOTECHNOLOGY� HAS� OPENED� UP� ENORMOUS�

BROADENING�OF�GENETIC�BASE�THROUGH�PRE
BREEDING��%VEN�
THE�LARGE�SIZE�OF�THE�BARLEY�GENOME�HAS�NOT�RESTRICTED�THE�
PROGRESS�IN�MOLECULAR�MAPPING��4HE�TECHNIQUES�LEADING�
TO� THIS� DEVELOPMENT� INITIALLY� INCLUDED�%34� RESOURCES�
FOR�GENE
BASED�MARKERS��DEVELOPMENT�OF� A� COMMERCIAL�
MICRO
ARRAY�WITH�������BARLEY�GENES��AND�THE�SYNTHESIS�
OF�$!R4�MARKERS� FOR� SPECIFIC� CHROMOSOMAL� REGIONS��
#OMPREHENSIVE�CONSENSUS�MAPS�PROVIDED�MEANS�TO�SELECT�
MARKERS�FOR�CHROMOSOMAL�REGIONS�AND�ALLOW�COMPARATIVE�
MAPPING�BY� EXPLORING� INFORMATION� AVAILABLE� FOR� OTHER�
GRASSES��4HEN�HIGH
THROUGHPUT�GENOTYPING��3.0��$!R4	�

INCREASED�DATA� GENERATION� SPEED�� )NCREASINGLY� GENOMIC�
ANALYSIS�OF�GERMPLASM�CAN�BE�OUTSOURCED�TO�COMMERCIAL�
PARTIES�� AND� IN
HOUSE� EMPHASIS� IS� ON� INTERPRETING� THE�
RETURNED�DATA�THROUGH�BIO
INFORMATICS��#ONSORTIA�EFFORTS�
ARE� IN� PROGRESS� FOR� THE� SEQUENCING� OF� BARLEY� GENOME�
�HTTP���BARLEYGENOME�ORG	�� WHICH�WILL� FACILITATE� RAPID�
CLONING� OF� GENES� AND� INCREASE� THE� NUMBER� OF�MARKERS�
AVAILABLE�FOR�MAPPING�14,�AND�IMPLEMENTING�MARKER

ASSISTED�SELECTION��4HE�BARLEY�GENOME�IS�ONE�OF�THE�LARGEST�
IN�CEREAL�CROPS�AND�A�SUBSTANTIAL�BODY�MAP�OF�GENETIC�AND�
GENOMIC�RESOURCES�HAVE�BEEN�PRODUCED��-ARTIN�ET�AL������	�
AS� HIGH
QUALITY� REFERENCE� GENOME� ASSEMBLY� FOR� BARLEY��

AND�THIS�IS�ALLOWING�THE�DEMAND�FOR�AN�EVALUATION�OF�GENE�
FUNCTION�USING�TRANSGENIC�TOOLS��(OWEVER��THE�PACE�OF�GENE�
DISCOVERY�IS�ALSO�INCREASING��WITH�THE�AVAILABILITY�OF�MORE�
SEQUENCED�CROP�GENOMES�AND�IMPROVED�GENOMICS�TOOLS��
MEANING�THAT�EVEN�MORE�GENES�WILL�NEED�TO�GO�THROUGH�
A� TRANSFORMATION� PIPELINE� TO� ALLOW� THE� STUDY� OF� GENE�
FUNCTION��7ENDY�����	��!�RANGE�OF�TOOLS�ARE�AVAILABLE�TO�

EXPRESSION�REQUIRED��BUT�THERE�ARE�STILL�GAPS�IN�THE�RANGE�
OF�PROMOTERS�AVAILABLE�FOR�USE�IN�BARLEY�THAT�NEEDS�TO�BE�
ADDRESSED��(OWEVER��FURTHER�ADVANCES�IN�THIS�TECHNOLOGY�
ARE�REQUIRED�BEFORE�IT�CAN�BE�USED�ROUTINELY�IN�BARLEY��!�
KEY�REMAINING�CHALLENGE�IS�THE�GENOTYPE�DEPENDENCE�OF�
MOST�WHEAT�AND�BARLEY�TRANSFORMATION�SYSTEMS�AND�THIS�
CONTINUES�TO�RESTRICT�THE�APPLICATION�OF�THE�TECHNOLOGY��)T�IS��
HOWEVER��LIKELY�THAT��BY�UNDERSTANDING�AND�MANIPULATING�
PLANT� GENES� IMPORTANT� IN� EITHER� THE� PLANT� REGENERATION�
PROCESS�OR�IN�SUSCEPTIBILITY�TO�!GROBACTERIUM��IT�WILL�BE�
POSSIBLE�TO�ADDRESS�ISSUES�OF�GENOTYPE�DEPENDENCE�AND�TO�

TECHNOLOGIES�TOGETHER�WITH�DOUBLED�HAPLOID�TECHNOLOGIES�
AND� hSPEED�BREEDINGv� HAVE� ALMOST� HALVED� THE� TIME�OF�
VARIETY�DEVELOPMENT�IN�SOME�BARLEY�BREEDING�PROGRAMS�
�(ICKEY� ET� AL��� ����	��'ENOME�WIDE� ASSOCIATION� STUDIES�
�'7!3	�WITH�INFORMATION�ON�LINKAGE�DISEQUILIBRIUM��,$	�
HAVE�REVOLUTIONIZED�THE�14,�STUDIES�TO�UNRAVEL�THE�GENETIC�
ARCHITECTURE�OF�COMPLEX�AGRONOMIC�TRAITS��.EW�14,�FOR�
BIOTIC�STRESSES�LIKE�NET�BLOTCH��!MEZROU�ET�AL��������'YAWALI�
ET�AL������B	��SPOT�BLOTCH��'YAWALI�ET�AL������A	�AND�STRIPE�
RUST��6ISIONI�ET�AL������	�AND�GRAIN�MICRONUTRIENTS��'YAWALI�
ET� AL�� ����	� HAVE�BEEN�DISCOVERED� IN� GLOBAL� COLLECTIONS�
AT� )#!2$!� IN� ASSOCIATION�WITH� OTHER� INSTITUTIONS��!S�
AN� OUTCOME�� GENOMIC� SELECTION� USING� ENTIRE� GENOME�
INFORMATION�IS�PROVING�THE�LATEST�TOOL�IN�MAKING�BREEDING�
MORE�PRECISE�AND�FASTER��4HEREFORE��THE�STRATEGY�FOR�FUTURE�
BARLEY�BREEDING�SHOULD�BE�BUILT�ON�IN
DEPTH�KNOWLEDGE�
OF�THE�BARLEY�GENOME�AND�PROMOTE�THE�USE�OF�BOTH�OLDER�
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MORE�RAPIDLY��"ESIDES��NUMEROUS�HEALTH�CLAIMS�ATTRIBUTED�
TO�BARLEY�IN�GENERAL��!MES�AND�2HYMER������	��SEVERAL�

PROPERTIES�OF� 
GLUCANS��7OOD�AND�"EER��������.EWMAN�
AND�.EWMAN������	� 
GLUCANS�HAVE�BEEN�IMPLICATED�IN�
LOWERING�PLASMA�CHOLESTEROL��IMPROVING�LIPID�METABOLISM��
REDUCING� GLYCEMIC� INDEX� AND� THE� RISK� OF� COLON� CANCER�
�"EHALL�ET�AL���������"RENNAN�AND�#LEARY��������+EENAN�
ET� AL�� ������ ,I� ET� AL�� ����	�� 0EARLING� BY
PRODUCTS� HAVE�
INTERESTING� AMOUNTS� OF� BIOACTIVE� COMPOUNDS� �DIETARY�


GLUCANS	�AND�COULD��THEREFORE��BE�PROPOSED�AS�
POTENTIAL�INGREDIENTS�FOR�MANUFACTURING�OF�FUNCTIONAL�FOOD�
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