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Summary. The distribution of genetic variants of a
group of low molecular weight, chloroform-methanol
soluble proteins (CM proteins), among Moroccan and
non-Moroccan accessions of Hordeum spontaneum and
among selections from several Moroccan landraces of
H. vulgare and cultivars of the same species with
widespread European origin, suggests that domestica-
tion of barley might have taken place in Morocco. An
agromorphological characterization of the H. sponia-
neum accessions further supports this hypothesis. The
possible Moroccan origin of the French cultivar ‘Hatif
de Grignon’ and of several Spanish 6-rowed barleys is
also presented.
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Introduction

Cultivated barley (Hordeum vulgare L.) has been con-
sidered, on the basis of its evolutionary pattern, as an
oligocentric crop; this means that barley has a de-
finable center of origin, the Fertile Crescent, and one or
more centers of diversity, for instance Ethiopia (Harlan
1975).

The center of origin of a crop may be defined as the

region where domestication took place and can be recognised -

because there the wild ancestor survives together with its
derived crop. The wild species is usually living in a wild status
in the core of its range and, sometimes, survives as a weed at
the periphery of it (Zohary 1964). The discovery of H.
spontaneum C. Koch as a weed of barley in Morocco (Molina-
Cano and Conde 1980; Molina-Cano et al. 1982) enlarged the
know western limits of the area of distribution of the wild
ancestor of cultivated barley, which were previously thought to
be Cyrenaica, in the east of Libya (Harlan and Zohary 1966;

Harlan 1979). At about the same time, Chinese workers
reported the occurrence of H. spontaneum in the Qinghai-
Xizang plateau of China (Xu 1982). Today, therefore, both the
eastern and western limits of the area of distribution of wild
barley have been considerably enlarged and, consequently, the
Fertile Crescent can be called into question as the only center
of origin of barley. More recently, Bekele (1983) has argued
for the possibility of a multiple origin of cultivated barley.
Giles and von Bothmer (1985) argued that it is very
difficult to state whether Morocco and China are true centers

-of origin of barley or should rather be considered as secondary

centers. .

Molina-Cano etal. (1982) put forward the following 2
alternative hypotheses to explain the occurrence of H. spon-
taneum in Morocco: i) It was formerly wild there and has
survived after becoming a weed. ii) It was introduced there in
historical times, presumably as an admixture with barley seeds
coming from elsewhere, possibly from the Near East.

For making the correct choice among the two former
hypotheses it is necessary to study the genetic relationships
among the Moroccan weed barleys and their counterparts
from other regions of its range, particularly from the core of
the Fertile Crescent, i.e., Israel, Iraq, Syria, Iran, etc., but also
from other peripheral regions such as Libya and Afghanistan.
As suggested by Harlan (1980, personal communication) Libya
is indeed a very critical region in this context. Genetical
differences between the Moroccan and the other wild barley
populations would tend to exclude the second hypothesis, that
of the introduction of H.spontaneum into Morocco from
elsewhere, and would support the first hypothesis, that of a
domestication carried out in sitn. Giles and Lefkovitch (1984,
1985) found clear differences among Moroccan and Iranian
accessions of H. spontaneum, both in germination pattern and
in agromorphology.

In addition, the study of the genetical relationships among
Moroccan weed barleys, Moroccan cultivated barleys, and
southern European cultivated barleys should also offer some
insights into the origin of the latter.

In our survey, we have investigated the genetic

variability of the CM-proteins, which are the main
components of the A-hordeins (Salcedo etal. 1980,
1982). The A-hordeins are less variable both in the
cultivated and in the wild species than the B-, C- and
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D-hordeins (Doll and Brown 1979; Shewry et al. 1979,
1983) and are, therefore, more suitable biochemical
markers in phylogenetical studies. Wheat CM-proteins
were among those used by Johnson and coworkers in
their extensive studies on the origin and evolution of
Aegilops-Triticum species (Johnson 1972, 1975: Johnson
and Hall 1965). Our survey has been complemented
with an agromorphological study of the H. spontanewm
accessions.

Materials and methods

We present in Table 1, the name, origin, source of seed and
pedigree, where known, of all the cultivars and accessions
studied. The 8 accessions of H. spontaneum from Morocco are
all the available material collected in the 2 expeditions
reported by Molina-Cano and Conde (1980) and Molina-Cano
etal. (1982). Each of the 8 populations of weed barley was
collected as a group of about 15-20 single spikes; they were
not yet completely mature and therefore unthreshed. These
populations have since been conserved in isolation as single-
spike progenies. The composite of Moroccan landraces of
cultivated barley was formed by bulking together grain from
single spikes of the 9 original populations. This bulk was
sampled afterwards on the basis of the agromorphological
appearance of its individual component plants. The accessions
from Cyrenaica (Libya) were kindly sent us by Dr. K.
Hammer (Zentralinstitut fir Genetik und Kulturpflanzen-
forschung, German Democratic Republic). The remaining
accessions of H. spontaneum from some of the relevant regions
of its range of distribution, were kindly supplied by Dr. J. C.
Craddock (USDA World Barley Collection).

- The cultivated barleys sampled could be divided into 4
groups: 1) Landraces from Morocco; ii) primitive cultivars of
Spanish and French origin that were, in turn, derived from
landraces; iii) modern French cultivars; iv) European cultivars
of non-Mediterranean origin.

Biochemical methods

The extraction and 2-dimensional fractionation of barley CM-
proteins was carried out essentially as described by Salcedo
et al. (1984}, on single kernels from the progenies of individual
spikes of each population studied.

Delipidated kernels were extracted twice with chloroform:
methanol 2:1 (v/v) and the solvent vacuum-evaporated. The
extracts were fractionated by 2-dimensional gel electrophore-
sis: the first dimension was a pH-gradient electrophoresis on
preformed pH gradients (ampholines 5-8), and the second
one, a starch-gel electrophoresis (pH 3.2). Gels were stained
with 0.05% nigrosine, in methanol-water-acetic acid (5:5: 1 by
vol). To ascertain the relative positions of different protein
variants in the 2-dimensional maps, electrophoresis of mix-
tures of the appropriate samples was carried out.

Agromorphological studies

The characters studied were mainly chosen to give a picture,
as complete as possible, of the differences among the acces-
sions of H. spontaneum. From the set of 28 characters studied,
only 8 of them, listed in Table 2, gave significant differences
among accessions, when analyses of variance were carried out.

Results

Variation in CM-proteins (A-hordeins)

The CM-proteins were analyzed by 2-dimensional elec-
trophoresis in all the H. spontaneum and H. vulgare
samples listed in Table 1. Figure 1 is a composite
diagram where the relative positions of all the variants
are shown in the 2-dimensional map. The CM-proteins
are low molecular weight, salt-soluble hydrophobic
polypeptides that are selectively extracted from barley
endosperm with chloroform : methanol 2:1 (v/v) (Sal-
cedo etal. 1980). The standard phenotype, that of
‘Zephyr’ barley, consists of 5 components: CMa-1,
CMb-1, CMc-1, CMd-1 and CMe-1 (Fig. 1, black spots).
Variants for these proteins were identified on the basis
of their alternative appearance in the survey and, in the
case of the more frequent ones, by studying their
inheritance in appropriate crosses (Salcedo et al., 1984).
Results are summarized in Table 3.

The variant proteins CMe-2,2" were found in 7 out of
8 H. spontaneum accessions from Morocco; in 12 out of
14 H. vulgare (6-rowed) accessions also from Morocco
and, finally, in the French cultivar ‘Hatif de Grignon’
and its derivatives ‘Precoce Lepeuple’, ‘Monlon’, ‘As-
trix’, and ‘Hop’, all of the 6-row type.

These variants seem thus to be restricted to Moroc-
can weed and cultivated barleys and, also, to some
French cultivars. Two line-selections (‘Anezal’ nos. 2
and 4) from the same Moroccan landrace carried CMe-1
and CMe-2,2", respectively, indicating that the origi-
nal population was segregating at the CMe locus. This
landrace was not included in the bulk that originated
accessions A-L. Several single plants from this landrace
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Fig. 1. Composite diagram showing relative positions in the
2-dimensional map and designations of all observed variants
(black spots correspond to proteins found in the “standard
phenotype” of Hordeum vulgare, cv. “Zephyr’)



533

319q8eH v I YIewus [BAISUIA, X Snuog, Jwog, T ] 2403 N4 winapiogy

31aq8eH 'V 1 uapamg (.redO x Jopuig,) x Jopreq, puduy, Z ] 24034 winapiogy

v's ‘odwe) [9p ZnI) BT JO UOHII[[OD) Uapams (BLIES], X BIUDY, Bny, z *] 2408na winapioyy

V'S ‘odwe) [op Zniy) e Jo UONII0D) Auewidn JOJIDUY, X [BLIes], eLeuo(], Z "1 24034 WnapoF]

v'S ‘odwe)) [ap ZnI)) v Jo uondA[0) pueuLy Jo3ny, x Sraqspae)), Juey, z ] 24084 winapiogy

v ‘odwe) [op Zni)) BT JO WORII[OD) urejg 18910 Jkydaz, x epea, -e18ory, Z ] 2403 M winap.ofy

V'S ‘odwre)) [9p ZnI)) €Y JO UONOII0)) pueaIl Jeidg, x Joyory, Joyory pexdg, 7 1 24p3na winapofy

v's ‘odwe) [ap Znx) B JO UOTA0D SpPUeIaYIaN Jopred, X JOIOUSN, Jound, Z * 24p3na winapofy

v'§ ‘odwe) [9p Zni) BT JO UONOIOD) SPUB[IAYIAN] B13qs[1eD), X 64T QUIH, JAydaz, e ] 24084 winapiogy

v ‘odwe) [9p Zni) vy Jo Uonoado) SPUB[ISYION 1LZ9X 62219 Jnopeqnoiy, 7 * 24084 winap.ogy

'v°S ‘odwe)) [9p ZnI1)) ¥ JO UOHIA0D ouely Jopauy, X JIIX 28y, zeyoq, Z * 24084 winapofy
Jougun 3p JNeH, X

V'S ‘odwe) [9p ZnI) B Jo UONII[0D) souelg (1899, X .9SH XNO[qUIDD),) doy, 9 * 24p8na winap.ofy
;uoudun ap

V'S ‘odwe)) [9p ZnI) B JO UONRII[0D) JoueI] JUBHL, X S9IV, X .1 1L-65Z UM\, XUIsY, 9 ] 2408n4 winapiogy
Joudun ap

v'§ ‘odwie)) [op zni) B JO UORII[O)D souel] JUBH, X JOUIPER[YOS 1pajsnalg, JUO[UO, 9 ] 24084 winapiogy

v ‘odwe) [9p zni) v Jo UONRII0) ouelj .uouSuID) ap JueH, X SLS Q0N A1dnada 3009914, 9 " 2403n4 winapofy
ENEE

V'S ‘odwe)) [ap Zn1y) v JO UOHII[0D sourly WOIJ 30BIPUR[ € UL UOTIIS[AS, Juouduo ap Jjuey, 9, ] 2403 na wnapiogy

v'§ ‘odwe) [9p Zni) B Jo UONIDN[0) aouel] Jng, X /07 99udry, souy1Iod, z 1 24p3na winapofy

(uredg) VINI uredg soevIpue] ystueds © Ur UOTIA[RS adn, 9 1 24p8n4 wnapaofy

v'g ‘odwe) [ap ZnI) BT JO UORII[[0D uredg JovIpue| ystuedg € UL UOTIOS[IS 0113, 9 " 203N wnapiofy

v's ‘odwe) [9p ZnI) €Y Jo UONII[0)D) uredg aoerpue| ysruedg € ur uonods[ag euag, 9 ] 2408)na winaprogy

V'S ‘odwe)) [9p Zn1) v JO UOHI0D) uredg soerpue] ystueds © Ul UOTIIFIAS 2190BqTV, 9 ] 243 N4 winapogy

v'S ‘odwe) [ap zni)) v Jo UONILI0D) uredg soerpue| ystuedg e ur uonospeg Jlerunuyy, 9 ] 24D3Ina WNIpIOF]

[ezauy ¥ "ON pue
'v'S ‘odwie)) [9p ZnI) B JO UOTIO[0)) 00D0IO woyy uoneindod e ur uonds[eg 7 'ON J[BZaUY, UONDI[3S 9 * 24084 winapaogy .

saoRIpUE] JO

v'g ‘odwe)) [op ZnI)) B JO UONII[0)) 0000I0 ausodwos v ur suonoaeg 1-V 9 “ 24084 winopofy

(Maq) uaqojsiaen eAqry Q08I PIIM (78/12L6 MOHYV) 61 'ON [/ Y03 "D wnaupiuods winapof

(MAq) uegaisialen ehqry 9081 PIIM (78/61L6 MOHYV) 81 'ON (4 Y00 "D wnaupiuods winapiog

uonAd0) PHOM VSN ueystuEySyy 2081 PIIM (50€21T 1d) 91 "ON 4 Yooy D wnoupiuods wnapiof

uonaR[Io) pPHIomM vASA ueisiueyspy 20uI PIM (1p01121d) ST ON (4 Y03 ") wnaupiuods winapiof

uonod[[0) PHOM VASN ueystueyyy 2081 I (1766127 1d) ¥1 "ON z YooY "D wnaupjuods winapiof

uonIR[0) PHIOM VASN beyy 20R1 pIm (r684STId) €1 ON 4 Y20 D wnauntuods winapiog

uondIIo) PHOM VASN [oRISs] Joel PIIM (18578 1d) 11 'ON (4 O D winaupiuods winapof

uo1RI[0D) PHIOM VASN [orIs] 30”1 PIM (£L5€ST1d) 6 ON 4 Yooy D winauvtuods winapiofy

v'S ‘odwe) [9p ZnI) B JO UOTIIOD 000010 $308I POIM 8 ON— [ 'ON z YOO D) winaupiuods wWnap4ofy

SMOT
Po3s 311 JO 32IN0g uiduo 92131pagd auIeu 10 9p0))  JO "ON sawadg

(SUOISSIVOE JO SIBATIND) PIsn [eud)ewr A3[aeq Jo uonduosa(y *f ajqe],



534

asqe = — quasaxd = +

- - % + -+ - -+ -+ (uapamg) ey, pue puduj, (Auewiagn)

(BLIRUO(], {(euwua(q) Jwog, {(purjul]) wrey, {(purSuyg)

eado, {(puepaay) Joyory neids, {(souel)) eyag, {(ureds)
2dn, {(spuepayiaN) Jnopeqnoi], pue wuuy, ‘ IAydoz, 24034 'y
- + - + - + - - + - + (soue1y) doy, pue xuisy, ‘ UO[UOI, a03na 'y
— + - + - + - + - - + (eoueLy) oidnada 9000014, ¢ uoudun op Juey, aun8na gy

- - + + - + - + - - + (souery) soynog,
pue (uredg) ,0115)), pue eliag, ¢ 21908q[y, ‘ PlUNW]Y, 2403Ina gy
- + — + - + - - + - + (093010]) ¢ "OU [BZIUY UOHIIIS aupdna gy
- - + + - + - - + - + (0330101N) 7 "OU [€ZoUY UONIIAS 03na ‘g
— + - + — + + - - - + (092010 [ 1 am3ina g
- - + + - + + - - - + (02010I) a4p3ina Iy
-+ - + -+ - -+ -+ (022010W) THAHDAADAV auvSpna g
- - % + + - - - ¥ -+ (eAqry) 61 wnouptuods “f
- - + + - + - - + - + (eAqrD) 81 ‘(umsteysyy) 91 wnouppuods “f
- -+ + -+ - -+ + - (uerstureydyy) g1 “p1 “(beip) g1 wnaupruods g
+ - - + - + - - + - + (1s®1s]) 11 ‘6 winauvuods gy
- + - + - + - + - - + (0200101Y) 8 wnauppuods 'y
- - + + - + + - - - + (0000101) € wnauptuods gy
— + - + — + - - + - + (0200I0W) L 9°C P T 1 winaupiyods "y

€9 T'T0 [-9 [-p o -2 €4 749 14 e I

IND PO SIND qND BND UI31I0 PUE AWEYU IO IPOD UOISSIDY sawadg

o 2403[n4 [ pue winaupiuods wnapiofy wi suiajord WO Jo siskjeue snosoydonoss sy ur paasasqo sadKiouayy ‘¢ ajqe,

xe[ 17 ‘orerpawraul | foed
-woo :( ‘sapoy) “Asuap oxids g *(8) 1ySrom spourey goo‘1 £ oyrds Iad sppuiay oN -9 uerd 1ad soyids -oN ¢ -(ww) JjoweIp WIS p (Wo) 1Yoy e[ € 19910 7 ‘ayensord
-Twids ] ‘srensoid :g ‘sopo) -aFers Surpesy 1e 11qey el 7 ‘Juons :7 wnipsw (| Huswdojossp aderjof o i ‘Sapo) dTwis SUIPEsYy JB SSIUYRIT ] ISINORITYD JO ISTT

(1000=d
TO0Sdas S0°0Sds) PoModas o1e sHIZHIO IS0 WIOY ASOY] PUE OIDOIO[ WOL SUOISSIIOE UIOMIFG ISIOBIRYD UIENSD B JOJ S0UBLIBA JO SISA[RUR UI SIOUSIQNIP Emommw_m*”
0 I 0 0 ¢l [ [4 [ [ I [ I [ [ [ 0 0 0 0 0 0 0 0 0 3
6'S S9t 0C +xxb'€S SOF 00F OIF €pve 09¢ 09¢ 01€ 0LE §S¢ 09C 0OSy +veS OIS 0bS 06F 0€S 0TS OPS 0SS 065 L
ST TVT 9T =xLLT SPT 0€C 09C €PT 08T 0ST 861 9€C 1HvT 9T 9TT LLT V¥E€T ¥ST T6Z 89T +O0E TIE +8T OLT 9
6y voT 9¢ €€ 96l 07l T6l 61T T6l 9PT 0TC 0€T ¥IT 9SS TLT €€T 9S1 $TT 9LT OSIL TVYT 8TC 06T 96T S
S0 ¢t S0 1tV Lre 0oy Se 0t I'e 0¢ 6'C 8¢ 0v T 8¢ £y Ty 9v Ly vy ¥b LY 6€¢ e v
€L obL 19 T69 LOL 9LL 8¢9 S6L 88L 9I8 08L 919 €SL THL ¥Y9L T69 O0V¥9 TIL T89 TOL VLS OvL SIL 89L €
§0 050 0 4 0 0 0 €0 0 0 I I I I I C 4 4 [4 [4 [4 [4 4 [4 [4
S0 SLO 0 C 0 0 0 I I I 1 1 1 I 1 4 [4 [4 [4 [4 [4 [4 4 C I
a x as X X 6l 8l X 91 ST Wl €1 X II 6 X 8 L 9 § v € T 1
suiduo - 810108
19410 IV 0000I0 vAqry ueisiueydyy  besp [o%IS| 0000101  -1BYD)

< SUOISSI00® winaupjuods wnapiofy Jo uotesuaidereys [esrdojoydiowosdy -z ayqer,



were collected by Molina-Cano, Gomez-Campo and
Conde during their 1980 trip, near the village of
Anezal, in the surroundings of the Djebel Siroua, in a
thin stand of barley cultivated in an isolated field. The
selections were made on the basis of agromorphological
appearance.

The variant CMb-3 was found only in Moroccan
material, both cultivated of the 6-row type and weed.

The allele CMb-2 has been found in Moroccan H.
spontaneum, in 4 out of 5 Spanish 6-rowed cultivars,
and in the 6-rowed French cultivars ‘Hatif de Grignon’
and its derivative ‘Precoce Lepeuple’, and in the 2-
rowed ‘Porthos’.

Some protein variants were found only in wild
barleys outside Morocco: CMa-2 in H. spontaneum
from Iraq and Afghanistan, CMc-2 from Libya, and
CMe-3 from Israel.

Protein CMd-1 was found to be invariant among all
the studied material.

Variation in agromorphological characters

The relevant results are presented in Table2. The
accessions of H. spontaneum from Morocco have a high
foliar development and an erect habit at heading, as
well as tillers that are significantly shorter and thicker
than those of the accessions from other origins. More-
over, their yielding ability is much higher for they have
a significantly higher thousand-kernel weight and num-
ber of grains per spike and, also, a higher tillering
capacity — number of spikes per plant. Besides, the
Moroccan weed barley has a spike denser than that of
H. spontaneum from the other origins. All these ob-
servations indicate that the former is much closer to the
cultivated species than the other wild barleys studied.

If we examine in Table 2, the similarities of H.
spontaneum, Morocco, versus H. spontaneum Israel,
Iraq, Afghanistan, and Libya, we can conclude that
they are very slight. And this is true even when we
compare accessions from Morocco and Libya, that are
neighbouring countries.

Discussion

Both the biochemical and the agromorphological data
seem to indicate that Moroccan weed barleys are
clearly different from those from elsewhere, although
we should allow for the limited number of non-
Moroccan accessions studied. These results are in good
agreement with those by Giles and Lefkovitch (1984,
1985). Even the Libyan accessions are very dissimilar
from the Moroccan ones. This implies a long period of
isolation of the latter.

The striking phenotypic similarity between H. vul-
gare and H. spontaneum from Morocco, as well as the
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distribution of the less frequent protein variant, CMb-3,
could be explained in terms of introgression. However,
the prevalence of CMe-2,2’ in both types of Moroccan
barleys is not easily explained by introgression — this
allele probably originated there — and suggests that a
domestication process might have occurred in Morocco,
a situation which would be similar to those postulated
for China (Xu 1982) and Ethiopia (Bekele 1983),
regions well apart from the Fertile Crescent.

We could thus conceive the domestication of barley
as a process carried out over a continuum of very
different environments, i.e., as a noncentric crop,
“sensu” Harlan (1975).

The situation in Morocco could be explained as
follows: (i) The real wild types would disappear at an
undetermined moment after domestication had taken
place. This situation might be explained because of the
progressive desertization of the Sahara from the 3rd
millennium BC onwards (Harlan 1975). Under those
drier conditions, the only suitable land for wild barley
was restricted to the more humid and favorable en-
vironment of cultivated barley fields, where soil mois-
ture was conserved by ploughing. Away from those
fields, on the very dry and hard Artemisia steppe, only
xerophytes could live. (ii) H. spontaneum was adapted
to survive as a weed in cultivated barley fields, then
introgression started that led it to its present level of
similarity with its cultivated companion. A similar
situation is described for Libya by Hammer etal
(1985).

In conclusion, the evidence presented here supports
the hypothesis that Morocco is a center of origin of
barley, providing we allow for the limited evidence
based on: i) the restricted number of populations
analysed, and ii) the small number of protein systems
used.

The French cultivar ‘Hatif de Grignon’ and all its
derivatives share with most of the Moroccan weed and
cultivated barleys proteins CMe-2,2', which suggests the
possible African origin of this variety, which is, in turn,
a selection within an old French landrace from Ile
de Re. This possible Moroccan origin of ‘Hatif de
Grignon’ is in agreement with its known good adapta-
tion to arid regions, particularly in Spain. Four out of
five Spanish varieties share with ‘Hatif de Grignon’,
‘Precoce Lepeuple’ and ‘Porthos’, all of French origin,
the allele CMb-2, which is also carried by the Moroccan
H. spontaneum no. 8. This evidence favours the sug-
gestion of the presumed Moroccan origin of ‘Hatif de
Grignon’ and further supports the North African origin
of the Spanish 6-rowed barleys (Wiebe 1968).
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