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Summary: the spread and distribution of bread wheat in the Old World (Europe, Asia, 

Africa) since the Neolithicum as shown by the distribution of two necrosis genes and their 

alleles was studied. As basic material 1130 bread wheat landraces were investigated. Based on 

this distribution the routes by which bread wheat migrated are shown. The spread was done 

by migrating farmers and by farmers handing over seed to neighbours. 
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J""rn. d'Agri<. TroD. ... de BO/4. App!. XXVlI. I . 1 gSQ 

THE SPREAD OF BREAD WHEAT OVER THE OLD WORLD 

S INC E TH E NEOLITHI CUM 

AS INDICATED BY ITS GENOTYPE FOR HYBRID NECROSIS 

par A.C. ZEVEN~ 

I . INTRODUCTION 

1. 1 . (;F.NETlC SYSTEM OF HY8 RID N EC ROS1S 

Although VAVILOV in his publication, had already dC$Cribed .albino. 
Fl plant • . DEKAPItEL£V ICH (1930) probably waS the first to publi,h . bout 
hybrid necro,i •. The ulbino~ Fl plants may have been necrotic, but there 
aTe more genetic systems underlying similar weaknesS"s of hybrid •. The S"cond 
person to re port on hybrid necro';, is perh.p, KOSTYUNCHENKO ( 1'J36). 
He described a genetic sy'tem which showed the pre,ena of complement:.,y 
genes. At that t ime no further genetic research could be done in the USSR. 
but elsewhere rese,,,h·workers and breeders had .Iso encountered ,hi. pheno. 
menon and investigated it. HERMSEN (1962, 1963 a) summarized the literature 
and recapitulated hi. own re."".re h work . H. ("abli,hed two gene, NCl and 
NeZ and a multiple allelic ,erie. for eacb of tbem, namely 

Nel: ne\.Nelw.Nelm,Nel' (w.weak, n>:mode"'te, ".trong); 

NeZ: ne2. Ne2 w. Ne2mw, NeZm , NeZms, Ne2 ' . 

Name. Were introduced. So, a variety with Ne, is called :.nd Nel carrier 
and one with NeZ an NeZ",a"i.,. A "ariety without an Nc",lIc1e a non-earrier. 

1.2. SOURCES OF N E -GENES. 

liEII.MSI.'.N (1%2, 196Jb) ~lso "udi~d th~ di,tribution of the men,ioned 
Ne_allele. among the ,·:"ittie. and e.tablished for several rela, ed groups of 
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,'anette. the original $Ource of the Nc·.Uele. Thu. he found Ne l' in seveul 
dumm varinies, and discovered rhal Ne,' in mosr of Ih. bread wheat varielies 
(T. al'$/;,mm!comp",,,,m) had been incorporated through Marquillo. This 
variety is a ero .. of Marquis bread wheal (no n..c ... rier) ~ lumillo durnm (Ne , '_ 
carrier). Due 10 lad, of old varieties at that time it was not po"ibl. 10 c,ublis!. 
the original source of Nel m in m.my German varieties and of Ne 1 W in many 
lIe1gian and also in many Au.tralian varieties. The Ne} w •• lIde of Ita[ian varie_ 
rie. originated (rom the italian local wheat Rieti. 

Five main sources of Ne2 have been identified. They aU have a European 
origin. TheIl' .ources ore : 

1. Squarehead (of unknown sou«e), 
2. No. (. French . [ocal» wheal, originally introduced from Odes .. , USSR), 
3. Medi,eTtanean wheats of the USA. 
4. Crimean whe.as of the USA and 
S. flarlel. , an Argentinian local wheat believed to have been inrroduced from 

Spain. 

This last group could be .xtended '0 include Brazi[ian local 'Yhe~t., which 
probab ly .1.0 Came from the Iberian penin.u[a. In fact. the .. fiv.· group. eou[d 
be reduced to : 

I. Crimean and Ukrainian wheat. , including the so..called Mediterranean wheats, 
2. Iberian wheal$ including those from South America. and 
3. Squarehead. of unknown origin. 

1.3. GEOGRAPHTCAL DISTRIBUTION OF CERTAIN CHA RACTERISTICS 

Nc,gcno,ypes: From d~la published by HERMSEN (1962, \963 •. 1963b) 
and other work"" (ZEVEN, 1965) .nd from unpublished data. a prelimin .. y 
study of geographic di5lribulion of t he Net . • nd Ne2",Heles was mad~ (ZEVEN. 
1966) . Nel occurs south of the Mediterranean , Black Sea ' take H-aykal belt: 
north of thi. Ne2 i. found; nel and ne2 arc discovered everywhere. In a post_ 
scriptum '0 this paper on lhe geographic distribution a public.tian by TSUNE, 
WAKI & NAKAI (1965) was discus .. d. These authors has ob .. rved that Nel 
occurred in th. whole of J apan. whe reas Ne2 was restricted to the northern 
part . They suggested that the Ne2,<:arrieu were im.oduetion$ from Europe 
and ,he USA. ZEVEN (1966) argued that these also could have come from 
Siberia. Later TSUNEWAKI et a!. (1971 ) concluded Ih ••• baUl 30% of ,he 
Chine .. wheat v.rieties were NCI--<:arricrs ~nd that this frequency was preserved 
in common wMear during its ea.tward dispersion fro", Central Asi. through 
China to Jap.n. They .1$0 found p.kislani, Afghanistani and Iranian wheat. 
to carry Ne t . but not Ne2' This agrees with the above division into an Ne\, 
area and an Ne2-.tea. Similarly 10 our work. TSUN£WAKI c. s. investig.ted 
t~e dislribution of Ne~enc$. T[,e use of tl.eit .e,ults i.limited in greal measure. 
smoe : 
\) no ~tlcnlion is paid 10 1[,. dislribu.ion of the .lIeles. 



 

2) modern varieties are included, which blurs the picture, and 
3) varieties are considered as being native while in fact they are exotic. 

Thus varielie5 from Gemuny carrying Ne1' or NClm were included, though 
these alleles are exotic to the German varieties ~nd have emered them in recent 
times through Marquillo (from USA) and Gunet (from Canada), The ... me is 
true where Ne2-carricrs aIC concerned. 

When, not so long ago, Mexican wheats were introduced on a large scale 
into India, an extensive introduction of Ne2 into this Nel _area took place. 
Among v:lIieties described by TSUNEWAKI c, s, as Russian four came from 
China. three from Poland, two from India and one from each Finland, Pakistan, 
Mongolia and Nepal. So 13 varieties in all were wrongly classified. More exam· 
pIes ate given by ZEVEN (1969 ,1976). The data from TSUNEWAKJ c. s. 
should therefore be used with care. The above literature on Nel and NC2 carriers 
and other pertinent publications have been summarized by ZEVEN (1967 -1976). 

Other ehuacteIs : an carlier attempt to divide the wheats of the Old World 
imo geographical groups was made by FLAKSBERGER c. s, ( 1938). They found 
two main groups: 

I. The IndO-European wheats occurring in Europe (except the Mediterranean 
regions), the hI-East , Manchuria , part of China and Japan. 

2. The lrano_Asiaticum wheats found in Anterior Asia. Central and SW Asia. 
Mediterranean countries, the Indian subcontinent. Africa and part of China. 
In a later st~ge it will be seen whether this division coincides with the distri. 

but ion ofNe-aUeles. 

ZEVEN (1 970) used the genotypes for hybrid dwarfness (HERMSEN, 1967) 
of 10c~J wheats to study the geographical distribution of the dominant alleles 
of (hree O-Ioci. He found that gene 01 occurs in southern Europe, Africa 
and Asia, gene 02 in all wheat areaS and that gene 03 i. confined to Europe . 
FROST & HOLM (1977) investigated thc flavonoid patterns of 83 primitive 
spring whe::lts, This number is tOo small to dis.covcr any geographical distribution 
of ceruin flavonoids. 

GOTOH (1979) found that spring habit in indigenous Japanese varieties 
was conditioned by gene Vrn _3. This gene is also identified in Chinese Spring 
(PUGSLEY, 1972). Thi. would mean that this gene could be u<cd as a marker 
gcne to establish the relationship of local varieties of wheat in (East) Asia 
and therefore tcs(ing local varieties of .pring wheat from that region for this 
gene should bc continued. 

2. METHODS 

In the first years completely fertile Nel'- and Ne2"-earners were used as 
te,ters for the varielics to be investigated (see 3. Materials); from 1966 onwards 
rimopl:.eev,·-cytoplasmic male sterile testers werc used. F1..grains were sown 



 

-22-

in pot,; .he seedlings were Iransplamed into Ihe field and laler in lO Ihe green
house_ The F1 planlS were scored for Ihei r degree of necrosb. Applying HERM· 
SEN's ( 1962. 1963a) criteria. the strength of the alleles was established. 

Because male sterile tester lines were used, F2·planls could be obtained and 
grown only if the tested variety carried Rfd genets). This may have resulted 
in a nonidentifieltion of very wuk Ne alleles. like the Ne 1 W_allele of Chinese 
Spring. in dry years in thc field. In Ihe green-house sufficient wat er prevemed 
withering before the first symptoms appeared. 

The tester lines were checled for presence of the relevant Ne-allele. This 
wiU done b)' crouing the teller linu with v:a.r ieties polsclliing the complememary 
Ne-alle le. 

3. \/A"fI:RIA I. 

Seeds of Ihe lested ,"uleties wcrc obuined from various genebanb and other 
~ol1ce t ions see for sources: ZEVEN, 1965·1976). The main sources werc the 
I'lanl Genetics and C,eronpb stll hlSl itute. Ikluville, Maryland. USA, the Vavilov 
Institu te of Pl~n t lndu~lry. ten;ngr .. d, USS K ~nd the Zenlr~ I · l nsti lUt fu r 
Genetil. um\ Kul turpnanzenfouchu ng. Gate .. lebcn, ~Olt. The origin of the 
m .. terial waS checled to avoid inclusion of impro.·ed uriedes with exot ic 
genes. Onl)' line selections from local varieties were included. See for t he origin 
of mOSI of the materi .. 1 ZEVEN & ZEVEN-H ISSINK ( 1 976~ Published inform .. l;on 
wlU studied aud many personal inquiries were made to esrabli.h the correct 
background. If errors occur. it iJ belie. ed t ha t these .. re few and of negligible 
innuence. 

As most of the material conststed of recently collected samples of local varietiu. 
these samples Were ohen mOt"phologically impure. and in some cases. also for Nege
notypc. Hawn·er. never wu a vanety found tha t was both an NoI-and an ~ carrier, 

In all. 1100 local v .. riet;es of bread whc;o l .. nd line seleelions o f such varieties 
hne been ltud~d. Their number per n~tion alily is given in Table I. The presenl 
nomenclature of Trilic"". /, ll'gi/ol'S is r:llher complicated. In this paper I will 
usc the .specific. naniH only when neceuary. as il reduces the lpaee I .. ken 
up by lengthy sc~ntific names. So instead of wriling Tri'icum '''I'j(id"m u p. 
''''".I1;d",,, conv. d"n"" I will write dUnlm, o r durum whe~ t . I .. 1$0 will ust: 
the name Al'gilopa sq"IJrrosa imtcad of T. t""lchii. 

Modern Europe .. n and US varieties h .. ve been identified as Ne 1 . Ne2- and 
non<arri(n. Their breeders. uriet y registra .. and farmers do nOI know the Ne
genotype of the .... fie l y they bred, registet~d or cultiv:atcd. App ... endy there 
il nO ad"antage or dis.o.d" .. ntage for a variety in porn:ssing .. n Ne-allele. This 
shows that the Ne-alldes are neutral and t !tat the o ld bread wheat varieties 
spread irrespect ive of the presence of an Ne-allclc. 

Archadogi",l find. show Ih .. 1 wheal were grown as mixtures. Such miXlUre. 
Q<:CUTcd recently in the Austr;"n Alps where vulg:uc and compaClUm wheats 
werC grown together ,MAYR, 1964). They are presently grown in Afgh .. nist .. n 
{HALLORAN. 1966; DOROFEEV. 1969; HENNETI, 1970} and in Anuou.. 
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T.ble I. - Numb .... of vatietie. ,u'ed and eb .. ified .ccording to .heir Neil"no.y?, (I) 

Country Ne l
m Nel '" Ne2' nel ne2 To",1 

Afghani".n , , • Chin. +Tai", • ., , , 
'" '" CYl'tu. , 

Indi. , 
" n " Iraq , , 

Ir.n , , • 1".eI , , 
Kora 2 J 
Mongolia 
Nep. 1 '" " Palinan , 

" " " Philippine. , , 
Saudi _A rabi. + Vemen " 

, 
" " Tibe. , , 2 , 

Turhl' " 2 " Asia (extol" Asian USSR) " H 0 " "" Algori. J , 
'" Canary 1,land. . , " .. 

Ch.d , 2 , 
Egypt , , , " E.hiopia 2 , , 
Lybia " 

, 
" Morocco , J " H 

Nigeri. " '" " S.h.ra , , , 
Soudan , ., , 
TUI,isi. , 

" " Afric. " " 0 '" '" Alb.ni. , 3 , 
Au.tria '" " "' !><Islum , , , 
.8,,111"';' , 
C,echoslov.kb , , 
D.,,,,,ark , , J 
Fj"land '" <, " Funco , n '" " <': •• m.ny · ' , , 

'" " "rear II" .. ;" 3 3 " " " Gree.e , n " Hungary .. '" '" Ireland ; ; 
Ir.ly , , 

" " M.h. , , 
NHhefblld. , • Norw.y 6 6 
Pnbnd , , 

" POrfugal , 
'" " Rum.ni. , 

S!",in J , 
" '" Sweden J " n 

Switzerland , 2 " " USSR " 
, 

" " '" Yugoslavia , , 
E",ol'" (h,d" USS R) " JO '" '" '" Total '" " '" '" 1130 

(I) Nelm: NelmNelm"e2ne2' Nel'" NelwNel"'ne2neO" Nel' 
''"2 : "<j"el''"2"e2" - • Incl . N<2m, ,. FC II. and PI'. 

n el n£IN e2 ' NeZ'; ne] " 



 

;and Tranocaucasi.>. (OOROF£EV, 1968, 1969). Such mixture. are likely to ha.ve 
received a vernacu!:.. n;ame, which often means whea.t in seus .. I .. to, cereal or 
corn. 

4. L./TERIITURE li ND NiRSONAL COAIMUNfCATlONS 

M~ny data Were derived from literature and obtained by personal communi. 
cation •. The sources have been listed by ZEVEN (196S·1976). 

5. Till, OBJEcror RESEAH.CH 

Thc object of TCsureh " to determine the gwgnphical d ... tribution of Ne
genes ami their ;alleles in indigenous «local varicticu, and to use the data for 
investigation of the spre.ding of brud wheal over Ihe Old World. 

As will be dis<:u<sed bier, bread wheat reached Europe, Africa ;and possibly 
SW Asia ~s an admixture of emmer. The route. by whic1. emmer spread are 
documented by archaeological investigations. Bread wheat sprud to Easl Asia 
un;accompanied by Olher cc.c"l., 

It could be argued th~t the reCent distribution of local varieties of bread 
whut has no Or little rdnion wit h the origin;al 'prc"ding panern u the lat!cr 
could ha"e ~en disturbed by .eeondary imporu of bread whut. However, 
there are are only a few reports On the transport of wheat. Thu, in Ancient 
Rome whc.-.t was imporled from North Africa and from East Mediternnun 
aru. 'CAESAR, 44 B.C.; MANN, 1946). but the imported whc~t w~s mainly 
durum wheal KAYYEL, 1973), Bread whe~t came from Galli~ and elsewhere. 
Much lalCr Ihe import of wheal into indmtrializing Europe de,·e\oped; maybe 
the first war between wheat merchanlS of North Se" and Baltic parts too~ place 
ill 12aO A.D. (I'ORTHEINE, 1898). Stilllater,lorgct imports into NW Europe 
~rriv~d by Ihe so-ca lled Horseshoe Trade from N. Poland and SW Russia and 
Iheir interl~nd •. Bul these wheah werc not introduced a. !-Owing seed ~nd we 
do nOI lnow how much rtaehed the farms, The fast spread of an Nc-allele 
(arne by Ihe introduction of Ne2m<arrying Me"ican short .Iraw bread whea" 
as sowing seed and bruding materiaL This fasl spread was made possible by 
modern mean~ of transport and extension work, Iwo factors which only arose 
in re<:ent time. 

So we do nOt ~now the ~nelie impact of secondary introduced wheats 
on Ihe original populations, but as literature rarely refen to tr;ansport of wheat 
and al we do find geographical puterns for the Ne·alleles il is usumed that 
this impact, e~cept for Ihe introduelion of Ne2<arriers Lmo NW Europe (see 
below), wu '1uite limited Or abtcnt up to ca. 1900. So identically to the geo· 
graphical patterns of the human blood group lod and alleles ~fter the inllnigra· 
tion of Ihe first farmers into Europe. These pallern. "ill show that these farme .. 
came from SE Europe migrating in NW direct ion (DARLINGTON, 1969; ME. 



 

 
 

NOZZI et al., t 978). The movement of man and wheat was very limited. 

The spread of agricultu re and wheats into Europe, Wen and SW Asia, and 
Africa happened in an area that was free of agriculture and consequently free 
of wheats. But in eastern direction, the mOre east the whuts went . the mOre 
nUmerOUS the other domesticated crops they met, like rice, etc. This may have 
slowed down the spreading of the migrating wheats. Thus HO (1962) reported 
that wheat reached North China in 1200 B.C., while it reached Japan only 
in 300 B. C. (K.IHARA, 1969) . 

A more predse description of the rOutes of spread. when available. wi!! be 
given when discussing below the various regions. 

6 . RESULTS 

6.1 . GEOGRAPHICAl. fJ/STRIBUTION OF N E·AL LELES 

In earlier publications I proposed a division of the Old World into areas 
where certain alleles of Nel or Ne2 dominated. On account of new re;u1l. 
and after consideration of all data I have partly abandoned the old division 
of non..carrier areas. Below ( will show that the non..carricr areas are linked 
to form one extremely large non ..carrier area . However, for the sake of conve. 
nience in diJeussion and after som e adaptations I will u<e the original division 
of non..carriers (map t) : 

Non ..::a .. ;er area ' ; Ireland _ Great Britain _ F rance _ Belgium . the Nether_ 
land • . Germany· Denmark . Norway _ Sweden - Poland _ Czechoslovakia 
Bulgaria. _ Hungary . Yugoslavia . Albania. . Austria _ Switzerland. 
nOn carrie r a.rea. , links with: 

Non-carr ier area 2 : Canary Island •. North Africa _ S .. hara _ Israel · Syria _ 
Libanon - the Mediterranean Isles· South Greece - South and Centra! Jtaly . 
Spain - Portugal. 
non carrier area 2 links with area 1 and 

Non-canier area 3 : Ethiopia . 
non curier area 3 links with area 2 and 

Non..carrier area 4 : Saudi Arabia . Southern Iran _ Afgh~ni.tan _ uzbeki.tan _ 
Tadzhikstan _ Ki rgizstan . Kashmir _ up to Lake &ykal and Tr~ns-Baykal regions 
- Mongolia . Mandchuria . East China _ Taiwan . Japan . Philippines. 

For Ne, and Ne2 we established the following a reas (map 2 and 3) : 

Nt ] W area' : northern Portugal . northern Spain _ southern France· Italy _ 
Albany - West Greece. 

Ne , W area 2 ; southern Iran _ southern Pakistan· India _ South China and , 
most likely, East China. 

Ne lm area: the Sudan tone· some Sahilra o;l.ses · the Arabian Peninsula -
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Turkey _ Iraq _ northern Iran _ Tra"~au,asi:o _ Turkestan _ Kaukhstan _ upro 

North and East China - Japan. 

Ne2ms!s area I : White Russia _ Bulgari:o. _ Poland _ Finland. 

Ne2ms}s area 2 : Switzerbnd France · I\elgium . the Netherlands _ upto 
Sweden. 

No Nc l' area ha, been found for bread wheat. This accord, with the fact 
that thi, allele belongs to n"ked te tuploid wheats like dumm and carthlicum 
wheaH. 

Land varieties '>'lith NeZm, NeZmw and Ne2w OccUr rarely and no geographi
cal distribution for these allele. could be found. 

6.2. ON 1"IIE ORIGIN OF EAlMER 

It is generally assumed thar emmer is the domesticated type of wild cmmer 
(dicoccoides) (sec ZEVEN & ZHUKOVSKY, 1975). However, DENNELL 
(1973) said that: «present evidence suggests that by 7000 B.C. a tough-rachiS 
tctraploid wheat w:l.S cultivated in variou, areaS of the Near East. Shortly after 
thi, date the first record of T . dicoccoides is found (Jarmo and CayOnii)~. So 
dicoccoidcs would have originated bter as a feral off,hoot of dicocwm. Or 
dicoccoides would have originated as a new amphidiploid of boeori""'1 + 
Aegilvl" .pehoMes DENNELL, 1973). However, VAN ZEIST (1976) stated 
that dicoccoides also occured in the earliest remain, of emmer. So, unless 
new evidence becomes ~v~ ilable. the above assumption - Cmmer (dieoccum) is 
the Jomesticated derivative of the wild emmeT (dicoccoides) . should be main
tained. 

6.1. DOMESTICATION 01' EINKORN AND EMMER AND ON 1"HE ORIGIN 

OF IJREAD WHEAT. 

DHALIWAL ( 1977) conduded that einkom (monococcum) is quite uniform. 
And OS its parental species 7". bacoNc .. '" is heterogeneous. only ~ small poplll._ 
tion of wild einkom has been domesticated to become cinkom. So einkom 
would have developed into a domesticated crop in a restricted are~ within 
a short period after it had been moved from the area of wild einkorn. 

T he conclu.ion that einkotn is qll ite uniform is correct, but I will come 
to it by a different way. The fiTSt poplll~tion of a somewhat domesticated 
einkOTn e ~ isted of a nllmber of genotypes that represented more or less the 
genetic variation of its wild (<tarter ) popubtion . Duc to intergenotypic compe_ 
tition only a limited number of genotypes survived. This genetically poor cin_ 
korn population «:rved as ~ nudeus population from which ~11 other einkom po_ 
plllation. derive. The first population. of domesticated einkorn milS! have been 
taken quickly outside the .Tea of the wild einkorn. Otherwise the genetic variation 
of (inkom would h~ve incrused due to introgressioll of wild cinkorn genes_ 
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Similarly, the .European . emmer is genetical poor in Neal1eles and cames 
only nc, and nC2 while the wild emmer carries several Nl'.l ,allelcl and n(2. 
This may abo point 10 a domest ication of a small wild emmer population. 
intergenotype competition and a quick transportation away from the wild 
emmer area. 

The origin of bread when is dis<:uned below. It is not known whether bread 
wheat hu a monophyletic or a polyphylclic origin. If a monophyletic origin 
is advocated the fint hexaploid wheat mU$1 have had the Nc.gcnotypc of Ihe 
parental emmCr plant. If a polyphyletic origin is Jupporlcd, mOrC Ne.genolYpcs 
of cmmer would have been parents to bread whea t. We know that in bread 
wheat vuioul Ne-gcnot)' pc. occur, but we do not know whether these different 
Ne·brc<ld wheals or iginated from JCvcrIIl (cmmer + Ac. squllrroSd) amphiploids 
different for the Ne~notype or whether Ihe Ne alle1u innogrcsscd at a later 
dalc . 

• European . bread wheat was spread toge ther with " Eulopean. emmer. 
ha th being non-carrieT$ (Table 2 for emmer). But not all emmer wheats arc 
rdated to bread wheat (and to .Europun . emmer). So thc «Indian. emmer 
. khapli _ carriers Chi (HERMSEN . 1966). This allelc is not found in bread 
wheat! (vulgure, (OrllP<l£/''''I. spll<ll!fo(occum). II musl be rclatcd to the hexa
ploid makha (nllldru ' wheat. which also carrin Chi' Whether the non-carrier 
bread wheat aro$e and spread first followed by Nel and Ne2- carriers is nOt 
known. From the geographical distribution of Ihesc whealS in Europe. Africa 
and SW Asia no conclusion can be drawn. Maybe whcn the geographical distribu
tion of the Ne·gcnolypes in China becomes available mare can be s;o.id about it. 

T~hlc 2. The geno.ype' (or hybnd n<<rosH, hyhrid chlo.oo;" ~nd fert.h.y Tftlo.aUon of 
"moph •• vi cytoplnmIC mak OI •• i1;Iy. 

Va.; •• )" 

Weisser Emmer 
'4 o'itlhc r Emmer 
Am.donie< nO.re 
"".iSlCr Am.don.cr 
SaJ. B.c:grann • ., ( I . 
E.chcnl>trlcbene, 
Graue. Emmer 
Ra ter K. Halbbqr. S. (1) 
Asturn<hc Emmu 
Balkan 19<41 : 1~t18 

Nationality 

A",.rio 

A""rill 
France 

'"~ Gcrmoony 
Germany 
Germ.ny 
Germany 

Spa,n (An" .... ) 
y", oslavio 

Genotype: 

roc! ne2chl (rf)
DC! nelch! (f f) 
net ne l ch! (Rf) 
DCI nelchl (rf) 
nel nelchl (rf) 
nel nelch! (If) 
""1 ne2chl (If) 
nCI nC2chtlRf) 
nel ne2chl (rf) 
""I ne2ch l (Tf) 

( I ) BaJonelrormige IkgrannlCr. (2) Ro leT Kahle. Halbbcuann.cr Sommer .• (t f): no. o( 
,cn"" no' de.crm,rocd. 
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6.4. ARE THE NEOUTHIC AESTlVO-COMPACTUM GRAINS POSSIBLY 

GRAINS Of" DUIWAI WHEAT? 

Many ~uthors have identified wheat grains of archaeological fmding. with 
a plump character as grains of bread wheat. On the basi. of their plumpness 
they were classified as ("aestivD-compactuml. Such plump grains already occured 
in grain mixtures of 6000 B.C. So it was coneluded tha t bread wheat existed 
already at that time. 

Since bread wheat nose from a croSs between emmer and the wild gra>s 
Aegilops squarrosa followed by amphidiploidisation. This could only have 
happened after the origination of emmer and its transport to the area where 
Ae. squarroSll occurs in a wild statc. This .would have been thc casc in the period 
6000-5000 B.C. (VAN ZEIST & BAKKER .HEERES , 1975, VAN ZEIST. 1976). 
These researchers concluded that the grains hitherto identified as .... e.tivo
compactun .. can therefore not be bread wheat grains. Scing tha t dUTUm wheat 
grains resemble those of bread wheat so closely that they cannOt he told apart, 
the <aenivo-comp<'cfUm.l" grains are considered to be in fact dUTUm grains. 
This conclusion Wa~ sup!'orted by the evidence that, if the first hexaploid 
wheat is an amphidiploid of emmer (brittle rachis, genotype qq) ;md Ae . squ",
ro$<.l, this wheat would have carried a brittle rachis too. T he first hexaploid 
wheat would then have been ~ spelt-like wheat. However. spelt gra ins in archaeo_ 
logic finds da te later than the "aestivo-{;ompaetum» grains. The occurence 
of durum whea t in the Neolithicum would fit in better with the theory of evo
lution. i. e. the tough.rachi> dumm (genotype QQ) could easily result from a 
mutation (q __ '> Q) within emmet. At a luer date durum could have Teach£d 
Ae. £uq"' rroS<1 after which the tougb_rach;' bread wheat ~rose. 

Arguments against the conclusion of «<zcsrivo-compacTUm» grains being 
durnm grains are: 

1. Tough-rachis wild emmerS have been found though it "light be argued 
that they arose from an introgression of the Q gene into this wild species. 

2. Present day durum wheats are mainly NelJ-carriers (SARKISIAN et al.. 
1971; ZEVEN, 1976) and. if emmeT and dUTum wheats would have been grown 
as a mixture the Ne I s-gene would ceruinly have introgressed into the European 
emmer. I have no evidence th~t the latter species carries NelS. A Counter·argu
ment could be that the flut durum whealS, like their parental emmer. were nOll· 
carriers, and that they differ in th is respect from the present day durum. How_ 
ever. VAN ZEIST e. s. abo based their conclusion on the close rcsemblana 
of present day bread wheat grains and those of present d~y Nel S-carrying 
dUTUm wheats. 

J. It is not known whether the present day distribution of Ae. sqOA<lrroS<1 
is the same as its spread SOme 9000 years ago. This argument was also ~d\"aneed 
by VAN ZE IST c. s. It could be assumed th~t a fcw caryopse. of Ae. 'quarros" 
had reached a field of emmer. 
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<I. The small number of finds dating about 6000 B.C. and the few data 
avaibble are not sufficient to prove that fanning + emmer ruehed A ... squarrO$<! 
only afltr .,,, .. lIi.,o .... omp<lcwrn. had arisen. 

6.5. TilE SPR EA D Of' B READ WHEA T OVER THE 0 1.1) WORU) 

To make a di$(uuion more convenient. we still sep~rate the Old world into 
p;orl5 which arc based on the .stru.mn or routes by which bread wheat was 
spread over the Old World. 

6.5. 1. Cr:ntr .. of origin "nd divnsay of brr:ild W~'" 

In Cauca$ia bread wheat v~rielie$ caTTY Nel Or NeZ Or are 'lon-carrien (00_ 
ROFEEV .& MEREZKO. 1969; MEREZKO. 1970; DEKAl'il.£LEVICH .& 
YASHAGASHW1Ll . 1970; DEKAPRELEVICH .& NASKlDASHVILI, 1971; 
SARKIS IAN 6. PETROSIAN. 1972 : MKRCH IAN & MINASSIAN , 1973; ZE· 
VEN. 1973; TSUNEWAK I .& NAKAI , 197<1). This could mean that Net and 
Ne2 are indigenous there. Howeller. on the opposite side of the B~ck Sea we 
find in Crimea and the Ukraine NeZ..::arrieu. It u quite possible that wheats 
from thCoSe regions were introduced intO Caucasia. Similarly we fmd an Nqm· 
caTTier (Ulka) in Rumania. which mUSt halle been introduced from Turkey 
or C~ucasi<l. Funher rese;uch of genotypes should be done to sollie thu pro· 
blem. 

6.5.2. I!urope .. :ccepl USS R "nd flu M .. Jitt!n''''' .... " /WS;II. 

This region and others include the non..::~rrier ~ rc~ 1 and the NeZms/s arc. 2. 

HOl'F (1975) described the main routes (map <I ) by which agriculture and the 
wheats reached Europe and Africa. One route $Ianed in the Ncar East to cross 
the Bosphorus into Greece soon afte r 6000 B.C. (RENFREW , 1973). This 
route branched in Bulgaria with one branch going norlhw~rds to reach Moldavia . 
However. RENFREW ( 197 J) Iit~tcd thaI the wheats could have reached Bulgaria 
direct from Turkey. The second branch goes nonhwest with the Danubian 
Aryan fanners (Band Keramic Culture) through the Balkans nonhward. into 
Pobnd. Denmark and Sweden: Some examples are: emmer and bread wheat 
occured in Ihe Balkans in u 6000 B.C. (RENFREW. 1973). These wheats 
got to the loess plains of Central Europe in Ca 5000 B.C .. and reac.hed Belgium 
and the $CUlh of the NNherlands in ca 4000 B.C. (BOHMERS. 1958/1959: 
DE PUYDT el ~l .. 1910). In the fourth millenium agriculture ~nd wheats gn.. 
dually enlered other pans of North and West Europe (CLARK, 1956). 

So ~gricul ture and wheats mm'ed intO Europe with a mean speed of some 
Ikm/ year. SPANG el al. (1976) showed that agriculture was introduced into 
the whole of Denmark by 4Z00 B.C. At that time it had also ruched the south 
wen area of Sweden after its introduction from Dtnmark. From there it movtd 
nonh wesi. north and northea$! inlO Norway. Central Sweden and Finland. 
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By 2800 B.C. mon of JOurh.wUt Finland WU acqu.ain ted with fanning and 
hence with wheats. 

Another main route, also starting in the Nu.r East craned the Dardanelles 
10 branch in Greece. one branch going south. the other north.west as rar as 
the north of Italy and West and North_est Europe. WATER80LK (1971 ) 
and BUTZER ( 1971 ) lumma,;:te the auas where farming had been introduced 
at >'arious epoch •. 

Farming had reached many places in Europe by SOOO B.C. Within ca 800 
years from then fanning and wheats had co>'ered most of Europe. The produc
tion an'as were abo the consumption areas; long dinance transport could only 
become a fact when transport o>'er water de>,eloped. Thi. meanl that wheau 
did not move o"er a large distance after they had reached a certain site UAR· 
MAN'" BAY.PETERSON, 1976). These authon also mentioned that the neo_ 
lithic wheat production areaS in Europe arc still the present thy production 
areas of the crop. 

Most of the finds show us that wheats were grown as mixtures in which 
emmer was the main crop. but accasionnalty with bread wheat was the domi_ 
nating component. For instance VAN ZEIST 6: BAKKER·HEERES ( 1974) 
found on a brmcr's site in East Cenu .. J Turkey thring 4500-4000 B.C. 40 
(75") emmer gra ins and') (15%) bread wheat grains. For a find of 4200 B.C. 
they discovered 62 (82%) emmer grains and 14 (18%) bread wheat grains. At 
that time and upto Ca 2300 B.C. no einkocn wu grown there: dscwhere it was. 
In the period 2600-2300 B.C. emmer had almost di~ppeared and bread wheat 
had becon'e the main wheat crop. 

Other examples are from aulg:,o.';a (HOPF, 1973): 

period nllm"", of pillS and peteen'. 

einko," emme. b,ud ... hltlll " 
4900 B.C. 9 (4.~1 218 (96.~1 0 m 
4800 B.C. , .. , .. , 
.770 B.C. II (2.9'l') 204 (27. ISI 527 pO.OS) '" 4Zn B.C. - (O.OS) (99.1)"'1 (O.OS) 

So two ~mple. are almost pure emmer. but in the sample of 4770 B.C. 
bread wheat make. out 70% of the grains. More examples are prC5cnted by 
HOPF (1968). 

There mllst have been special, but unknown conditions which mild, bru.d 
wheat Or einkom become the: main crop instead of emmer already at an early 
lime. For inuance, einkorn was the principal wheat at a site in N. Yugoslavia. 
There the t1nt bread wbeat-.like grains werC identified dating from 3000 B.C., 
while bre .. d wheat as a ",i::cture of emmer and cinko.-n was grown the:re Ca 
2SOO B.C. VAN ZEIST 6: CASPARIE (1974) found only bread wheat grains 
Ie Nicderwil. Swit:tcrland. dating from ca 3700<a 3625 B.C. 
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In a Neolithic site ( Vb.ardin~n, the Netherlands, date.d 23S0 B.C.) 69 
(90,8%) bread whut graim and 7 emmer grains w~re discovered. At oth~r 
sites of the Vlaardin~n culture emmer wu the sole crop. At R.oman site bread 
wheat wu the main crop (VAN ZEI$T, 1968). Thi, proofs that in the Neolithic 
bread wheat as such wu an imponanl crop. The more or leu pure wheal popu· 
lation. mUlt have originated from a demuing of the introduced emmer/bread 
wheat/ einkom mutures. But why were they dembed? 

6.5.1.1 TIll' AU'lNE W/1SATS. 

In the valleys of the Aumian (and SwUs) Alps Alpine bread whutS have 
been grown up to recent timC5. They lTe utremely old and are direct descen· 
dants from the whuts cultivated by the Palusuian farmers al ea 4000 B.C. 
(MAYK., 1964; KOCK. 1973; SCHACH L, 1975a , 1975b). which have also 
been described by o. Heer u Trificltm <llItiquo ... ",. The local varietiu were 
muturcs of vulga.e and compaetum. In the higher valleys only spring whealS 
could be grown. In the lower valleys both winter and ~pring wheau occured. 
KOCK (1973) stated that the spring wheau of the higher valleys had been 
innoduced cartier than those of the lower valleYJ. In the iJQ!aled valleys the 
spring whealS were completely adapted to the local climatic conditions. 
KOCK suggested that no other wheats could be introduced , as they were nOt 
suitable for the$( pkcu. I doubt whether this picture is ;oS black and while. 
as suggeJled. Some gene uchang<' may have occured and iu impact Over several 
millennia mu.1I have been enOnnOUS. 

The Palus!.ian alpine wheats must derive from the bread wheat admixtures 
of emmer. Apparently owing to natural and/or human selection, the emmer 
wheats mUll have been suppressed. So their original gcnOtypa should be equal 
to tbose of these admutures, hence to very early bread wheat. But Ihe utent 
of introgrcssion i1 no t known. By invelligating the genot),pes of a number of 
recently col,lected Alpine WhealS we may get ~n indication of their original 
genotypes. If so. tbe-se original genotype-s can be compared with those of the 
European emmen. The latter arc direct descendants from the emmen imported 
and cultivated by the Danubian farmers. An indication of relationship is that 
the present day land race. of emmer and bread wheat of Ellrope are non.carrien. 
Fifty.five bread wheats of Austria have been tested; tbe 21 $pring wheats arc· 
all non-carrien. the 34 winter wheat> divide intO 26 non.cuners and 8 Ne 2m$' 

carrier •. This Ne2~llelc , which is also found in 50me Swiss bread wheats mu~t 
originate from later introductions and/or from introgression with spelt. Spelt 
is mainly an NeZ.ca.rier (ZEVEN, 1969. 197"', 197I b). As the Alpine wheats 
do not carry this allele, Spell cannot detive from a eros< between Alpine wheat 
~ emmcr. 

6.5.1.1. POL"ND "S AN EXPORTCOUN"i"R Y. 

Poland is also included in non.carrier area 1. although many varieties carry 
an NeZ-gcne. During the last 4·5 centuries much mixing must have occurI'd 
there. Poland exported a great deal of wheat from pons as Szezecin ·Stettin) 
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and Gdan.!.; (Dan!ig) and Ihe" arrived Ihcre via Ihe rivcn Ncis" and wisla 
(Weichsel ) (KOSTECIU &> WOLSKI, 1963). Elsewhere such wheals were sown 
and grown 10 develop into local varietiu. T he namu of lOme l..uh varieties 
like Red Stell ;n or Dan!ig rcfer to their orisin. but this i, not the case for Irish 
Red Chaff, which is a synonym of Red Slellin. Nor doc. Red Fife sive an 
indication of iu Polilh origin. It developed in Scotland from Ostka Galicyjska. 
which means bearded (wheat ) from Galicia, South Poland. The origin' of thuc 
introductions is traceable: bu t how numerous arc tho" that cannot be traced? 
Hence it is coneluded that the NeZ·local wheats of West Europe derive from 
imporu from EaSt Europe, cruting a $Ccond Ne2.area in I non-carrier area. 

The shipment of wheat and other transport, within Poland must have caused 
the Ne2-carrierl and non-carrie .. 10 mix Ihere. T he Irish whcau Red Sleet;n 
and Danlig arc non-carrien. Maybe they derive from non-carrier whealS of 
Poland. Red Fife is an NeZ'-ca,,;er and thu, belong' to the wheall of Ne2'..area 
I. Other non-carrien can have reached We,t Europe. but Ihey merely shiftcd 
from the cast end to the WCSI end of non-carrier arca I. 

Another, more recent influx of Ne2·wheats in to non-camer arCa 1 happened 
in Hungary , where in 186) the wheal harvest failed and sowing seed (of local 
variClies) had to be introduced from Galicia and Wesl Ukraine UANOSSY 
et al., 1963). The NeZ·wheats may derive from this and .imilar imporl •. 

6.J.2.1. GREAT BRITA.lN AND IRELANr) 

HOPF (197S) stated that agriculture reached Great Britain and Ireland 
from Cenlral Europe. whereas RENFREW (1973) wrote that it Wa:! introduced 
via Ihc Medilerranean . Spain. Atlantic coaSi route. Maybe both ro~es were 
used. Our data are of no help in delennining the COrrect route. Both areas 
belong to the lar~ non-carrier area and hence the flu! bread whnu came 
either from Central Europe or from North Spain. Wesl France is a non-camer 
arca. We have tuted 38 local varielies from GTUt Brita;n and" from Ireland 
which w~..., grown around 1900. The results arc : 

Nt-genotype G. '" 
No ~ No ~ 

N~lm , H , 
N<lw , '-' , 

Ne2ms' , " }O , 
No" " 57.9 • (100) 

The th<ee Net-ca...-;ers are of nO impo<tance, while the Ne2-catTiers be~n 
introduced from Ne2·ar~a 1 (Ice abon). Among the 22 non-camers "~~ral 
probably derive from non-caUlcr .. adetie. introduced in the la.1 few centurie •. 
The remainder may originale from the introduced ea SOOO B.C. non-e.arrier 
wheat •. Three of the four non-e.arrier wheats from Ireland arc known to come 
from Poland , while the fourth i. called Galway Iandwheat . It mayor may not 
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h .. ve been in troduced in the last centuries. 
Furthe r research should be done to determine which of the hind wheats 

belong to the earliest introduced whe .. ts and from where they c .. me. 

6.5.2 .4. SOUTH FlNLIlND. 

Agriculture a.ud nOIl-<:arrier wheats reached south.west Finland 2800 B.C. 
(see 6.5.2.), but .. griculture did not continue .. nd the wheats must have died 
out. Apparently, Finland w .. s populated by immigrating fa""ers who came 
from the south crossing the Gulf of Finland (NEVANLINNA, 1972). This 
immigr .. tion c .. me to a halt around 800 AD. T he origin of the Finnic people 
from which the Finns derive, is not fully understood . But as the Finns grow 
Ne2ms/s_ and non·carriers the Finnics must have come from or by way of the 
Ne2ms/s area 1 (map 5) (see 6.5.2 .5.). T hey may have also transporled non· 
carrier wheats laken from Ihe European or Asian non...: .. rier area. For inSiance. 
PISAREV ( 1956, !960) stated that bread wheau were taken from Ihe Tram· 
Baybl into Siberia and hence into Finland. If so Ihe non...:arrier wheats of 
Finland could also (partly) derive from the non...:arriers of Trans_Bayb!. This 
needs further investigation. .. 

6.5.2.5. Nel'u" AREA tN EASTERN EUROPE 

!n area 1 in the Ne2ms/s allele must have originated either as a mutation 
Or through introgression. ]n the latter case the source is unknown. Aegilops 
spelroides played perhaps a role, because F) plants (duNm NetS x Ae.speltoi
des) showed symptoms of modest hybrid necrosis (ZEVEN, 1971). This means 
that Ihis accession of Ae. spe/wides carried Ne2. Furthermore, the Ne2 /ne2 
l(>Cu. is located on the 2 B chromosome (TSUNEWAKJ. 1960) which probably 
derives from this Aegilops species. 

From the nudeus «Crimea_Ukraine» Ne2ms/s wheau were taken northwards 
(map 5) to mingle with non-<:arriers in South Poland, South Finland and other 
regions. Area I may have been the area of origin of the Ne2·wheats of Ne2 
area 2 (see below). The Ne2ms/s . al1ele also spread in western direction into 
the B .. lhn, while the few Ne2 wheats of Switzerland possibly also derive from 
imports. However, there is also possibility that this allele introgressed from 
spelta. This wheal was cultivated in South Germany, Switzerland and elsewhere. 
Spelt wheat and Ihe non.carrying bread wheats cannot be closely related as 
spdta carries Ne2' (see 6.5.2.1.). Area 1 is thought to be abo the source of the 
so.cal1ed Mediterranean and Turkey wheats grown in North America. 

In quite recenl times Ne2s bread wheats wne taken by Russian colonislS 
to the region around Irkutsk (ANON., 1949; BAHTEEV, \960). 

It is tempting to relate the Ne2ms/ s nucleus wilh the neo[othic fa""ers 
of the Tripolie culture (ca 3500·19001 B.C.), They grew wheal and other 
crops UANUSHEVICH, 1978). 
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6.1.1.6. NC1 .... /J AREA 1 

[\ hu alr1:ady been suggeJled (see 6.5.5.2) that the NeZ wheal! of Wen 
and Northwest Eumpe derive from import wheats from Ne2·aru 1. Thes.e 
wheats had arrived in West and Northwest Europe mainly by the HorlCshoe 
trade in the lall! few centuries (map 5). 

6.5.3. The Medut=a"",m ba,i" 

6.5 .J. I. NONCARRfcR. AREA 1. 

HOPF (1975) described the spread of emmer wheat through the Mediterra 
nun (map 4). From the Ncar East a stream of emmer went to Egypt. Another 
strum went to Turkey to divide into one branch going to Lybia and another 
going to Greece and then 10 Sidly. Here a further branching occur$. One route 
goes through Tunisi:l, Algeria and Morocco to the South of Spain. the ICcond 
runs through Sardinia to Northeast Spain and then in a southernly direction 
along the coasi. The third route finds France. So agriculture has reached North 
Africa at several points from the north (HELBAEK, 1960). 

According to RENFR.EW (1973) agriculture was spread by'''' second route 
viz. along the Mediterranean coast to Spain and hence along the Atlantk coast 
to reach the Brit ish Islcs before 3500 B.C. 

If bread wheat was spread together with itl parental emmer, it must have 
been a non-<;:arrier too. There arc some findl of blead wheat grains in ancient 
remains of emmer gninl. HELBAEK (1956) discovered in prehistork emmer 
from Egypt some comp.octllm grain •. TELLEZ &: CIFERRI (1954) stated that 
bread wheat was introduced into Spun in the Bronu: Age long after emmer 
had been introduced. But in plant remain. from the Spanish East Coast· dating 
ca 2345 B.C. - HOPF (1971 ) identified 46 emmer (86.8%) and 7 (13.2%) bread 
wheat grainl. She stated that whuts reached Spain probably in the 5th millen 
nium H.C. This may be an indieation of an introduction ofb",a.! wheal varieties , 
as such, 10 replac~ the emmer with bread wheat mixture. However, from what 
pla,e or region did thne pure bread wheat varieties originate? How,ver. HOPF 
reported that emmer reached Spain in the 8th Century B.C. aud later. Similarly 
ERROUX & COURTIN (1974) reported Ihe OCcurenCe of emmer and bread 
wheat in South Eut France ca 3000 B.C. Emmer when generally dominated . 
Einkorn wal found only once. 

Other resc:atchers giv~ additional and sometimes contradicting information. 
FLAKSBERGER ( 1926) reponed that in 1500 B.C. when (species not men · 
tioned) was ~:rported from Cyprul to Egypl. SCHREIBER (19.J.4) stated that 
in Sicily bread wheat must have been introduced from the Balearic island •. 
(When?) Bread wheat was especially grown On Corsica. C1FERRr &: G1GLlOLO 
(1940) wrote that when, of RhodO$ res.emhle those of the Mediterranean and 
nOt those of nearby Anatolia. This accords with our finding that Mediterranun 
wheats are non-<:arricr. and those from Anatolia Nelm-<;:arricrs. Similarly, 
)AKUBZINER (1932) observed that the Mediterranean wheatt resemble thos.e 



 

of the Neat East. This also agree. with OUr Ne.Jata. During relatively less dry 
conditions of the Sahara (6S00·2000 B.C., HOSLER & HESTER, \969) 
.bridge$» of arable tmd exilted between North Africa and the Sudan zone 
(map 1). Via the~e bridges North African non<arrier wheats must have migrated 
!:OUlhward. to penetrate into an Nelm- area (see below) (ZEVEN, 1974). Due 
to the presence of the first arrived Net m wheat the Sahara became only partly 
a non<arrier area. If we assume the percentage (12.4) of nOn carner wheats 
among the local Nqm.wheats from North Nigeria to be ,epresentative for the 
original Sahara wheats. we can estimate how m,my of the 9 non<arrier wheats 
from the Lybian oases belong to the first arrived wheats and how many derive 
from Nord. Africat\ imports. The result is: 2 first anived and 7 laler imported 
non-carners. 

6.5.J.l. Ne,"'.tlREtI 

The presence of Nel w_wheats III a narrow band front Greece to Portugal 
is quite peculiar and I have no information to explain it. WRIGHT's (1972) 
conclusion that in Spain bread wheats moved more freely round the western 
end of the Pyrenees into Navarro than round the eastern end finds nO ,upport 
from the Ne.Jata. 

6.5.4. Afr;ca 

North Africa h~s already been treated in the previous ""aion. 

6.5.~.1. SAIIARA 

Agriculture was well established in Egypt Ca 6000 B.C. (HUGOT, \968) and 
according to CLARK (1962) whe~t and barley spread to the Central Highlands 
of the Sahara in the St h millennium B.C. (maps 4 and S). However, HOBLER 
& HESTER (1969) (sec HESTER, 1968) reported that there was incipient 
food production in Lybia in ca 59S0 B.C. This could mean that agriculture 
waS introduced in to Africa at an a. rlier date than hitherto thought. The spread 
of agriculture must have taken place in the Wet Period, 6000·3S00 U.C. About 
3000 U.C. knowledge of cereal growing was distributed throughout the Sahara 
(SEDDON, 1968). HOBLER & HESTER (1969) suggested that the so-<alled 
Saharan Fcrtile Crescent .• chain of highlands in the Sahara · was used as a 
route by which plants , animals and men migrated. It linked, in dry periods. 
the ","vanna area, at the east end with tho"" at the west end. The cast end . 
the Middle Nile region· was the !:OurCe of the fir.t Sahara wheats (E RROUX. 
1962). 

These wheats were adapted to the winter rainfalls. which dominated at 
that time. After increasing dryness wheat and buley could only be cul ti,·~ted 
in the Central Highlands, the oases (CLARK, 1964) and in the Sudan zone. 
The severe conditions in the oases and isolation may have caused the develop. 
ment of wheats with compacto;d car typcs described as var. olJsicol"m Ducellicr 
(ERROUX. 1962). Crossing Vat. olJsico1um with vulgMC wheat produces an 
F2 with an irregular panern of ear type segregation (ZEVEN, 1967. unpub!.). 
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This is po$1ibly caused by translocation (ERROUX, 1962), Both the Saha~ 
wheats and those of the Sudan zone (North Nigeria and Chad) arc Nel m..:arrieTS 
(ZEVEN. 1974). In uperimenlJ at Wageningen both prove 10 be very SU$Cep
tible 10 European racu of mildew. This could mean that they haye a common 
parentage and that the present-<lay morphological differences or iginated from 
a scpar-lie evolution in twO yery different environmenu. after their introduction 
into Africa. 

6.5.4.1. I:.THIQPIA 

Emmer had ruehed Ethiopia through Egypt, since the presem-<lay emmer 
of Ethiopia closely resembles the emmer wheat of Ancient Egypt (HELBAEK. 
1960). Like the emmer of Europe, bread wheat may han grown there as an 
admb:ture. Similarly. ZOHAR Y (1970) sta ted that cereals of the Fertile Cres
cent were likely to have been introduced into Ethiopia by Hamilic agricultural 
migranls. However. MURJXX:K (1959, 1960) JUggested that the wheat entered 
Ethiopia from the Arabian peninsula. Further, JAKUBZINER (l93 1) reported 
that Ihe Ethiopian wheats resemble those of Egypt, Syria and Palestine, but 
VAVILOV (I940) wrOte Ihat the wheau of Ethiopia. Yem~n and India are 
. Iinked in origin.. . 

Our dllla show the Ethiopian wheats to be non..:arriers, and therefore, their 
Ne..genotype i.s the S:l.me as that of many wheals of the Arabian Peninsula. 
Egypt, Syria and Paleitine. 

Wheats of Sout h Iran and India are often Ne 1 w..:arriers. and only a few 
of such carriers haye been found in Ethiopia. They may be indigenous. but they 
could derive from Italian introductions made ca 1935. The Ne-genotypcs of 
the Ethiopian and Indian wheats do not support V A VILOV 's observation. 

6.5. 5. Asp 

From its cenue of origin bread wheat moyed in Jauthern, iout heastern and 
eastern direction. In Jaulhern direnion whea t reached the Arabun Peninsula. 
and in southeastern and eastern direction il spread as far as Central India in the 
south and Japan and the Philippines in the east. 

6.5.5.1. l 'URKEY 

From 6.5.2. we learned that tile Brst fanners of Europe migrated through 
Turkey growing nOn-Ci1rriu emmer and bread wheat mixtures. Tile oldest 
cul tivated wheat was an emmer wheat gt"own in Anatolia u 6750 B.C. (Accu 
mle Hacibr). The fIrSt bread wheats ( IIU/gllff: and co"'?,c,,,"') di1te from ca 
6500 B.C. (Can Ha ... n III _ &ceramic) (MEl.l.AART. 1975). These whealS 
were very probably the same as those taken some 500 years bter into Europe. 
Hence they must havc been non-camers. At present mon of the bread wlleah 
in Turkey are Nel m-carriers. This suggests a break between the fitst farme .. 
with their non-<:arrier wheat. and later immigTi1nt. farmers witll Nel m bread 
wheats. Howeyer. notlling is known about sucll a break (D. FEREMBACH, 
Juvisy-$ur.Qrge, pel"$Onal communiution. 1979). Maybe: when OnCe attention 
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of archaeologisu have been drawn to Ihis possible break it will be obaerved. 

6.J,5.2, AR,A/JlANPENINSVtA 

Twenty~ven bread wheat. were tested: I Net" 13 Nelm(48~) . 1 NctW 
and 12 non-a.rrieu (<14%). The He lm.",nd the non..carrier wheau apparendy 
occur at random. This may mean that the Arabian Peninsula belongs to an 
Ne, m ... rn and to a non..;:arrier arCa. It i. not possible to decide whether the 
Ne! m.hread wheau Or the non..carriers arrived lirst . It could also be that c. g. 
NClm.whuts moved along the Red Sea coast and the non-carrien along the 
c<nst of the Arabian Gulf. Some suppon is found for this supposition. The 
Ne I m·whuts of the Sah;>.", (;arne from the Middle Nile regiorl and it is powble 
thai they had been introduced from the opposite side of the Red Suo WRIGHT 
(1973) reported thaI bread wheat entered Iran from Ihe Arabian P"ninsuia. 
In Iran we find non.carnen and Nelw.caniers. E~cepl for one, the lUI a,e 
nOI found in the Arabian Peninsula and therefore Wright muSt refer to non 
(:arriers, which at the time of introduction into Iran were not contaminated 
with Nel m.wheau. 

6.J.J.J. SPREAD TO ASIA 

In Asia we fmd Netm., Netw. and non.caniers (maps t and 2). In WeSt 
and South Asia these andes arc ~t ill restricted to certain region •. but at the 
Call end they have to some utent become mixed with eachother. U here the 
routes joined. 

In 6.5.5.1. it has already been suggested that in We.t Asia non.carrier wheats 
may have come from Inn to move eaSlwards. North of these non.caniers we 
find Ne]m caniers (Ne lm-area , see below) and Kluth we find N"1 w. car riers 
(Ne] w-area 2, see below). 

A. already mentioned, WRIGHT (1973) reported that bread wheats · accOr· 
to u. non.carners . entered Iran from the Arabian Peninsula. Il read wheats 
reached Ww China (:a 2400 B.C. (LIU, 1927) and Hopei Ca 1200 B.C. (HO. 
1969). The distance of Ca 3400km as the crow Aies. was covered in some 1200 
years. So bread wheat m;gnud with an average .peed of 2.8 km per y""r. This 
is much faster than ilS .peed in Europe (see 6.5.2), and against the suPP(l$ition 
made in 5. 

However . upto ca 500 B.C. bread wheat had not made much progress in 
North China due to in poor adaptability to spring droughts (HO. 1969). About 
200 B.C. fanne .. of the Shen.i area we.., ordued to grow more bread wh""t. 
It appears that in the last century B.C. and the fust century A.D. two methods 
were adoptcd whereb), wheat growing became pouible. The first is Ihat during 
the winter snow was pressed together to prevent it from being blown away. 
Hence at the beginning of spring, the water content of the soil had be"n in· 
creased. The second i. the cultivation of spring wheats. It is not known whether 
the.e .pring wheats were selected from .pring type. occuring in the local winter 
wheats or whclhcr they had been introduced. HO ( 1969) stated that they 
had been inuoduced from Central Asia during the Fonner Han Empire. The 
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N~ ·g~notypu of NOrlh.c~ntral Chinese wh~an a. publ"h~d by TSUN£WAKI 
~t al. (1972) aT~ ,umrnari,>;ed according 10 grOwl], habit and N~-g~notype.: 

N<, Noo 

No. • No. • 
winter ., 

" .. " .pring " " JO " ;nt.rm. " " " " 
The higher proportion of non..:arrien among the spring wheats may point 

to their Central Asian origin, their r~tio Net /non carrier does not differ signi· 
flcantly from that of the winter wheats. 

It i~ nO! reported when bread wheat reached China'. east coast and from 
what direction(s) the Hnl wheat. came (see below). KIHARA (1969) wrote 
that br~ad wheu entered Japan in ca 300 B.C. Thi~ i. 9uite late. HOSONO 
(1935) is the Hrst to describe the routes by which wheat was transported. One 
route is India - nurma . South China (Vunnan). Thi. route is characterized by 
var. bengalense. A second is a northern route: Turkestan . :Kansu . Shensi. 
Th .. trade route is characterized by Vat. rurcom"";c",,,. In 19S4 HOSONO 
hd obtained more data enabling him to develop his views on migr:l.Iory rout~, 
of wheat. He de!.Cribed 3 route.: 

I. Afghanistan _ Khybat pass. crOs< the Punjab plain . ,kirt ing Himalaya -
upper Bunna · cto .. ing Yunnan. Szechwan . the Yangtze Valley. By this route 
ted-grained wheats were transported; 

2. Turkcstan . Sinkian - skirting Mongolia - N. China. This route became 
later known as the Silk road because of the silk that was traded in we,tern 
dircction; 

3. possibly Wcst India . crossing Pamir or Nepal - Shensi or Szechwan. This 
route could due to lack of data, nOI he recognized sufficiently. Other !.Cienti,,, 
have designed other migratory routes for brcad wheats. 

NAKAO ( 1957 ) wrote that wheat was transported via the so..:alled Persian 
arc, which run. from Iran to Himalayas_ Here this route branched in a wcstcrn 
and eastern rOllle_ The first keeps its name Persian arc. The eastern branches 
again in 1. the Himalayan arc ('" Indian arc ), which runs via the southern slope. 
of the Himalayan range, and 2. the Tibetan arc which runs along the northern 
slopes. 

NAKAO (1956) dell-Cribed the whcats of Nepal as vcry similar to those of 
South and Central China. Earlier LEIN (1949) divided the wheal~, collected 
by the German Hindukllsh-, India· (Pakistan) - Nepal - and Tibet. expedition 
in three group~ : 

1. The Tibetan wheats, 
2. the Indian (incl. Pakistani) wheats and 



 

.. 
He concluded Ihal the Tibelan wheat. have an old, independent evolution 

anel that they (orm the we«ern population of the aut.Allan wheats. 

The Indian-Pakistani whul ~ have a vcry old, independent evolution 100. They 
'a re not clo5Cly related to Ihe Central Asian whuu. The Hindukulh wheau are 
the cutem popublion of these Centul Asian whuu. Our data do not permit to 
conclude which is Ihe Nc-gcnotypc of the Tibetan wheats. But, IS LEIN conclu. 
ded that these wheats have tome .eblionship. with wheats of "natoll .. , it is 
sugges ted thai Ihe Tibetan whnu arc NClm-carrierl. This need. further proof. 
LEIN'. Indian-Pakistani wheats are NClw-<:arricn (see 6.5.5.3.2) and his Hin. 
dukulh wheul arc non-carrien. 

6.S.S,l.l. NO"<(Jrric rs 

Our dala luggcn Ihal non<amers were Iransporled north of the Himalaya 
(map S). Maybe. at a latn 'ime. Nt\ m whnu tra"cUcd along thc same rOUICS 
(map 4) ("""c for the NCI m·whnt , 6.S.S.3.3.). South of the Himalaya. Nel w. 
wheats were transported nstward. 10 for insuncc along HOSONO·. (1954) 
flnt ,OUle (map S). (Sce for Ne! w.wheats 6.5. 5.3.2.). 

TSUNEWAIO tt al. (1972) luted 21 whcats from Mandchuna. Two wCrC 
Ne2 ' carriers Ind therefore arC probably nOt indigtnou •. Of thc rcmaining 19 
whnts 4 (21,,) arc Nel <arriers (allcle not identified) and 15 (79%) non<amers. 
This suggests that Mandchurill is also a non carncr area and probably links 
with Trans.Baykal and Mongolia. 

We have only one wheat reported to come from Wen China, vi!. Chinc"",, 
166.lt is a non<arner. 

Non<arrier area 4 cxtcnds UplO East China and Japan. TSUNEWAKI et :01. 
(1972) identified 90 vaneties from the provinces Hopch. Shantung and Killng
sun, as 41 (46%) Nt!<amers, 6 (7%) Ne2<arrien and 43 (48%) non-<;ame ... 
Thc Ne2<arrien occurcd in Hopeh (with capilal Pek.ing) (2 no.) and in the 
coastal province Shantung_ Th~y may denve from US impons during a famine 
in 1932 SHEN. t933). In adjacent mOre interior provinces nO Ne2<arncrs 
wne found. In the$<: provinces 12 Net- and 15 non<amcu werc identified. 
When excluding Ihe Nel<arriers. in East China 53 (4g%) Nel-<;arrie .. and 58 
(52%) non<amcfS arc ound. Unfortunalcly, TSUNEWAKI et a1. (1972) did 
not identify the Nc\",lIcle , 10 we do nOI know how many of the Nel<arricrs 
posse .. NCI Wand how many Nel m. My own dau for the wholc of China 
arc 4 N"J m .. 4 Ne! w_ and 9 non..::amcrs. 

Brnd wheats nri~d in Japan in 300 B.C. (K!HARA , 1969). AI present 
WC find non..::arners. Ne! w . NCt m and NC2<amefS in Japan. According 10 

TSUNEWAKI & NAKAI (1965) Ihe N"2..::arrieu were recently imported from 
USA and Europe. Thesc imports may also have included lOme of the non<amers. 

We do nOI know which Ne/ne-genotype of bread wheat rcachcd Japan first. 
BUI. as there the t!lTce main types arc fou nd, it is possible Ihal these th.ree types 
had ruched East China, after which they wcre .simultaneously introduced 
into Japan. 



 

Two bread wheat varieties from the Philippines were tested: both are non. 
carriers. Abo two varieties from Taiwan were investigated; one is a non..:arrier. 

6.5.5.3.2. Nelw.,vea 2. 

The Nel w ..... lld" probably arose in South Iran (map 2). The Nel w.bread 
wheats wtre bter uk"n to North hkist~n ~nd Indi~ (l.ein 's Indian wheat 
morpho--group, see 6.S.S.2) and from there through South China to nst coast. 
(SHEN & KING. !9S8). Two loc ... l whe ... ts from T ... iw ... n wer" t",ted: 1 Nelw, 
and 1 non..:a r';er. In Japan 2 of the 27 tested varieties were Ne\w..: ... rriers. 
Tbis m~ns that from the east coast orChina N"I w.whealS were taken to Taiw ... n 
and Japan. In Japan they are in the minority:the rea.<On of which probably 
lies in the fact th ... t they were introduced after other wheal$ had reached thai 
country. 

Sp/laerOCOccl<m is an Ne! w..:arncr. This whe~t dates from Ca 2500 B.C. 
(VISHNU-MITTRE, 1974). It has been found in the Sind valley Hanpp~n 
cul ture (2300·1700 B.C.). Later il was taken into Madhya Pudesh (Central 
Prov., India) and further into Meharahtra and Bengal. In this ... tea the NC 1 w. 
allele is common ~mong the land varieties. According to El. l.ERTON (1939) 
sphacrucocc"m was grown in East Baluchistan (Pakistan) and the Sind, \>unjab, 
Madhya Pradesh and Uttar Pradesh (United Provinces) (India). It is nOt found 
at present in the NetW area of Chin ... . Therefore.' assume that in an early 
Nelw wheat the sp/,aerococcum mutation occurI'd ... fter NetW.wheu had 
moved eastw ... rd,. So the Net w·alkle is older than the s (spilaerococcum) aUc1e 
(ZEVEN. 1978). The oldest sp/Illerococcum wheats date from 2300 B.C. so 
the Nq w allele ... rose before that time. 

The "pi,aerococcum wheal has been in cultivation upto the prescnt time. 
This pro"es that a wheat population may stay in a certain region for some 
4500 years. It supports the conclusion that most of the nOIl..: ... rrier wheats 
of the Old World derive from the first introduction of whe~t together with 
agriculture (ZEVEN, 1979). 

6.5.5.3.3. Nelm .area. 

The Net m.area of A.ia links Ihrough the Arabian Peninsula with th~t of the 
Sahara and Sudan zolle (map 2). Therefore, the Nq m.bread wheats like non· 
carner wheats cO"er an extremely large area. They must have originated proha. 
bly .<OlTIewhcrc in {Tr ... ns)Cauc ... sia . Nort h 'ran, so in t he centre of origill of b read 
whe ... t. 

Nel m bread wheats have been identified in Chill"' , but the region is nOt 
known to me. They have also been found in Japan. They mu<l have reached 
this COl.llltry Ihrough China prob ... bly by the route through North and Central 
China. Simultaneously or 1101. they may have been introduced together with 
non<arrier bread wheat. 



 

7. CONCLUSfONS AND SUCGESTIONS FOR FURTHER 

RESEARCH 

The ... present ~ geographical distribution of the Ne-gene. and their alldes 
slrows for many parts of the Old World by which routes of bread wheat 'migrated 
and at what time thi~ occured. Howe~er. there are many vague poinlS which 
need further in~estigation. 

The be.t way is to u.e the land ~arieties which were collected (or the above 
inve.ligation. Thi. collection could be screened for other genco and their allele. 
and their geogr~phic distribution. These genes should be neut ..... l and not linked 
to gene. with a <tTOng gene x environment interaction. Such genes could be the 
D.genes for hybrid dwarfness (HERMSEN, 1967), but one D-gene is linked 
to an Sr-gene for stemrust resistance. Furthermore, the ctossing worl: i. quite 
laborious. 

In the Introduction I have already suggested (he identification work rOT 
the spring habit gene Vrn·3, Maybe this worl: could also cover other Vm_gcncs. 

Recently it became known that gencs conditioning the various gliadins 
in wheat grains arC not influenced by environment (AUTRAN, 1973). There_ 
fore, a start was made to investigate the geographic distribution of gliadin 
patterns. But. when 10 grains of the externally uniform Alpine land variety 
Haunsberg from Austria Were investigated 8 gliadin patterns were discovued. 
This is inter~sting b~c ....... ~ although this variety has been grown for <orne 6000-
7000 years 1. e. generations there is sli11 a high genetic variation present, This 
shows that gliadin pal!erns cannot euily be uscd to characterizc land ~arictic., 

Mote work has 10 be done to verify the abo~e described rOUles by which 
bread wheat spread ovcr the Old Wotld. 
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