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Abstract Wheat is one of the most important crops in
both China and the world, and its domestication can be
traced back to ~10000 years ago. However, the history of
its origin and utilization in China remains highly
ambiguous. Drawing upon the most recent results of
taxonomic, genetic, archeological and textual studies
focused on the wheat in prehistory, this paper argues that
wheat was not domesticated but introduced into China in
the late fifth millennium BP. In the subsequent centuries,
this exotic crop was quickly utilized as a staple food
in northwest China. In contrast, it was not adopted as a
staple in the Central Plains until the Han Dynasty (202
BCE—-220 CE), which was mainly as a consequence of the
living environment, population and innovations in food
processing technology.
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1 Introduction

Wheat, rice and corn are the most important crops in the
modern world. These three crops were initially domes-
ticated in West Asia, East Asia and Central America,
respectively!' *!, and provide 60% of the entire human
diet®!. Of these, the cultivation of wheat covers probably
the largest geographical area, mainly between 67° and 45°
N around the Northern Hemisphere (Fig. 1(a)). However,
archeological evidence suggests that wheat was cultivated
only in Afro-Eurasia before 1000 BCE (before the
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Common Era). Its first introduction into America was in
the late 15th century!’!. The development and expansion
of wheat has profoundly influenced the trajectory of human
social evolution, as well as facilitated the emergence of
the earliest civilizations in the old world, such as
Mesopotamian, Egypt and Indial®.

Modern China is the largest producer of wheat across the
world. The yield of wheat in China was 131 million tonne
and the area of wheat cultivation was 24 million ha in
2018). Wheat has also been crucial in the development of
diet culture in ancient China. It was annotated as one of the
five key crops in Meng Zi by Zhao Qi, viz., rice (Oryza
sativa), foxtail millet (Setaria italica), broomcorn millet
(Panicum miliaceum), soya (Glycine max) and wheat
(Triticum aestivum). The initial use of wheat, nevertheless,
has been the subject of a long-term debate. In the most
recent scholarship, it is considered as an exotic crop that
was introduced into China before the Shang Dynasty
(~1600-1046 BCE) as attested by the inscription “3”
(meaning: come or coming) on the oracle-bone inscrip-
tions!™, though some other scholars hold the view of
independent local domestication within Chinal'® "%

Previous research on the history of the utilization of
wheat in China was primarily focused on the evidence
from a single discipline!"*'*, such as archeology
(Fig. 1(b)), historical philology, phytotaxonomy and
genetics. In this paper, we provide a synthesis of data
from a variety of spheres (taxonomic, genetic, archeolo-
gical and historical studies) to illustrate the history of the
domestication of wheat, its introduction into China, and the
way in which it became one of the major Chinese staples in
ancient China, which hopefully contributes to broader
interests in the subject of east-west communication and the
global history of agriculture.

© The Author(s) 2019. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)
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2 A brief history of the origin and dispersal
of wheat across the world

2.1 Molecular biology and genomics: origin, evolution and
spread of wheat

The domestication of animals and plants is a major
milestone in the birth of modern agriculture and develop-
ment of human civilization!'*'®]. As one of the important
staple foods, the domestication of wheat (7riticum
aestivum) was essential to facilitate and sustain the
development of human civilization!'). Numerous studies
have shown that the current widely planted hexaploid
bread wheat was derived from a complex process believed
to involve two polyploidization events between three
diploid ancestors?”). The first polyploidization event
occurred between Triticum urartu (AA; 2n = 2x= 14)

and an unknown close relative of Adegilops speltoides (BB;
2n = 2x= 14) and led to wild emmer wheat (7riticum
turgidum subsp. dicoccoides, AABB; 2n = 4x = 28). After
the domestication of wild emmer wheat, the second
polyploidization event occurred between cultivated
emmer wheat (7. turgidum subsp. dicoccum, AABB; 2n
= 4x= 28) and Aegilops tauschii (DD; 2n = 2x= 14),
eventually producing hexaploid common wheat (7riticum
aestivum, AABBDD; 2n = 6x = 42). The current genetic
and archeological evidence showed that the Fertile
Crescent near the upper reaches of the Tigris and Euphrates
Rivers in present-day southeastern Turkey and northern
Syria was the area of origin of wheat and the cradle of
modern agriculture!'®. About 12900-11700 years ago,
Younger Dryas, which lasted for a thousand years with
cool and dry climate conditions in the Fertile Crescent,
promoted the domestication of wheat crops by the West
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Asians?'l. At inception, 7. monococcum and T. dicoc-

coides were domesticated successively, and the domestica-
tion and cultivation of polyploid wheat were strengthened
by the fact that polyploid wheat had stronger environ-
mental tolerance (especially low temperature tolerance)
and favorable harvest characteristics, including bare seeds
and soft glumes. After about 1000 years of artificial
selection, the T¢Btrl gene, controlling shattering in wild
emmer wheat, had been domesticated, and the cultivated
emmer wheat produced””). Subsequently, about 8000
years ago, cultivated emmer wheat spread eastward to the
Outer Caucasus between the northern part of the Iranian
plateau and the southeastern part of the Caspian Sea, where
the second hybridization event occurred between the
cultivated emmer wheat and A. fauschii, forming the
wild ancestor of hexaploid common wheat!'®°1,

To understand the spread and evolution of wheat,
genetic relationships among 477 A. tauschii and wheat
accessions were studied with the 4. tauschii 10K single
nucleotide polymorphism array, which confirmed that
Aegilops located in the southern and southwestern Caspian
Sea was the donor of the D subgenome of hexaploid
wheat!>’]. The genetic diversity of 31 cultivated and 34
wild emmer wheat genotypes from Western Asia and its
surrounding areas was analyzed by exome capture
sequencing. The results showed that the cultivated
emmer wheat germplasm from Turkey was distributed in
all of the four subgroups (including Indian Ocean,
Mediterranean, Eastern Europe and Caucasus). It was
also found that the cultivated emmer wheat with the closest
relationship with wild emmer wheat came from Turkey
which was an important part of the Fertile Crescent. These
findings confirmed that the Fertile Crescent was the center
of origin and domestication of the cultivated emmer
wheat!”?]. The gradual eastward migration of hexaploid
wheat, moving further away from the tetraploid center of
origin, and the strong reproductive isolation between
hexaploid wheat and Aegilops, made it difficult to transfer
genes from Aegilops to bread wheat, which resulted in the
lower diversity of the D subgenome of hexaploid wheat in
East Asial”***1. Additionally, the results of whole genome
resequencing have also confirmed the lower diversity of
the D subgenome®™. Moreover, investigations of the
genetic diversity of 731 genotypes from China and West
Asia (Iran and Turkey) indicated that Chinese wheat spread
from the northwestern Caspian Sea region to south China,
adapting during its agricultural trajectory to increasingly
mesic and warm climatic areas””). In recent years, the
rapid development of high throughput sequencing tech-
nology has completely changed the methods of wheat
genomic research. In particular, the publication of the high-
quality hexaploid wheat Chinese Spring reference genome
sequence enabled the in-depth analysis of the domestica-
tion and global migration of hexaploid wheat”*). Recently,
cultivation and breeding history of bread wheat in China,
which was analyzed by genome-wide resequencing,
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revealed that the population structure was consistent with
the geographic distribution of wheat: from its domestica-
tion area in the Fertile Crescent, hexaploid wheat spread
westward to Europe and America, eastward to South and
Central Asia and finally to East Asia, via separate
routes’”®!. The concentrated distribution of wild diploid
wheat and wild emmer wheat in the Fertile Crescent, the
archeological evidence of '*C wheat grain residue and the
evolutionary relationship of tetraploid wheat based on
genome sequence, confirm that the Fertile Crescent is the
center of origin of tetraploid wheat!'®'®2% Furthermore,
the extensive distribution of A. tauschii in the Outer
Caucasus and the closer relationship between the hex-
aploid wheat and A. tauschii germplasm in that region
suggested that the Outer Caucasus region was the center of
origin of hexaploid wheat. Therefore, it is now widely
believed that West Asia is the center of origin of hexaploid
wheat. With the availability of the high-quality genome
sequence of hexaploid wheat, more wheat lines of different
ploidy levels worldwide should be selected to analyze their
radiation and migration from the center of origin to the rest
of the world.

2.2 Geographical distribution of the wild ancestors of
domesticated wheat

Five wild species in two genera were directly involved in
the origin of wheat, 7. monococcum, T. turgidum, T. urartu,
A. speltoides and A. tauschii. Both genera are members of
the tribe Triticeae in the Poaceae!”). Although they have
been sometimes treated as independent genera, i.e.,
Triticum (6 species) and Aegilops (25 species), recent
studies based on molecular evidence indicated that they
appear more likely to be one genus, i.e., Triticum®"). Both
Triticum and Aegilops are herbs with one spikelet per node
of rachis and the spikelets are not embedded in the rachis
depression. The main differences between them are the
ways in which their spikes fall and the morphology of their
glumes. When mature, the spikes of Triticum often fall
from the base as a whole, and the backs of the glumes are
flat and not keeled. The spikes of the Aegilops, however,
fall from the rachis section by section, and the glumes have
one or two veins raised as keels?'].

Based on the data from the GBIF (Global Biodiversity
Information Facility)**!, we obtained distribution maps of
the five allied species of wheat (Fig. 2). Among the five
species involved in the domestication of wheat, A. tauschii
is widely distributed from eastern Europe to central Asia,
the other four species are restricted to the Fertile Crescent
(from central Iran to the east coast of the Mediterranean)
(Fig. 2). A. tauschii is also reported to occur in Henan and
Shaanxi Provinces of Chinal>*!. This area is far away from
the center of origin of the five speciesi®>*!. However, some
scholars argued that A. tauschii in the area above was
actually brought into China together with the introduction
of wheat®?]. Thus, China is neither a center of wild
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Fig. 2 Distribution of the allied species of wheat (source from GBIF datasetsm])

distribution of Triticum nor Aegilops. It lacks the five wild
ancestors of the wheat, which are essential for the origin of
the domesticated wheat.

2.3 Archaeological and historical evidence for wheat
domestication and dispersal

Archaeobotanical studies provide additional detailed
information for reconstructing the history of domestication
and dispersal in antiquity (Fig. 1(b)). Remains of wild
wheat and barley were identified from the Ohalo 1T site,
which can be dated to 21000 BCE in the Fertile Crescent of
West Asial?>2%l. The earliest bread remnants unearthed
from northeastern Jordan date to around 12400 BCEF"!.
However, the earliest definite domesticated einkorn wheat
was recovered from Cafer Hoyilik and Cayonii Neolithic
sites in the Levant areas around 8000 BCEF®!. These two
crops were subsequently taken from their centers of
domestication to the rest of Eurasia (Fig. 1(b)) and reached
east Europe before 6500 BCEF?#! and then other areas of
Europe before 3000 BCEM!+#21.

Wheat was taken eastward to Iran and Turkmenistan
before 5500 BCE***] and then Tajikistan, Afghanistan
and the Indian subcontinent between 6000 and 3000
BCE" ™1 Wheat was utilized in Kazakhstan in the
central Eurasian Steppes between 3000 and 2000
BCE"**] Tt was introduced further eastward to East
Asia during the Longshan period (2600-2000 BCE).
Charred remains of wheat from Zhaojiazhuang and
Dinggong sites date to between 2500 and 2000
BCEDP* ! while the earliest direct dates of wheat remains
from west China was unearthed from Huoshiliang and
Ganggangwa sites in the central Hexi Corridor®*>*], The

timing and routes for introduction of wheat to China is still
subject to debatel™*>*.

Archaeobotanical evidence suggests that wheat was
definitely domesticated in West Asia (Fig. 1(b)), which is
consistent with genetic studies. This western crop was first
introduced into China during the late Neolithic Age and
there is very little archaecobotanical evidence suggesting
that wheat was independently domesticated in China.
Although a few wheat remains have been occasionally
unearthed from early Neolithic sites, such as Jiahu site
(7000-5800 BCE) in Henan Province, the direct radio-
carbon dates from these remains were younger than 1200
CEP?l. Clearly, these wheat remains were historical relics
which were disturbed into stratum of the Jiahu culture. The
same issue has also been reported from archaeobotanical
studies of other Neolithic sites both in China and
Europe[56’57].

3 The brief history of wheat utilization in
China

Before the introduction of wheat and barley, the spatial
pattern of agriculture in late Neolithic China is featured by
rainfed agriculture based on foxtail and broomcorn millet
in the Yellow River valley, rice-based agriculture in the
Yangtze River valley and mixed cultivation of millet and
rice in transitional zone between these two areas’’".
Though wheat was introduced into the Shandong Penin-
sula during 2500-2000 BCEP*!1] this exotic crop was
likely to have been treated as a special item rather than a
staple.

Remains of wheat and barley have been frequently
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uncovered from Bronze Age sites in north China dating
from 2000 BCE. However, the trajectories to adopt wheat
as staple varied dramatically in different areas of China. In
northwest China, wheat replaced millet crop as the primary
crop around 1700 BCE in the Hexi Corridor’®”! and might
have become a staple food in Xinjiang from ~1800
BCE®* %2 On the northeast Tibetan Plateau, however,
barley became the most important staple after 1600
BCE'] especially in areas with an altitude above 2500
m.a.s.] (meters above sea level)!®. Agricultural innova-
tion dominated by cold-tolerant agro-pastoral production
facilitated permanent settlement on the Tibetan Plateaul®”.

In the Central Plains, although wheat was introduced
during the Xia Dynasty (~2000-1600 BCE) and became
widely cultivated during the Shang Dynasty (~1600—-1046
BCE)!°*"] millet crops remained as the dominant staple
in the area until the Zhou Dynasty (1046221 BCE). This
has been supported by the carbon isotopes of human bones
unearthed from a variety of archeological sites!®® "),
Wheat was adopted as the staple in the Central Plains
during the Han Dynasty (202 BCE-220 CE), which can be
also detected from isotopic evidence, archaecobotanical
analysis””’-"!), and historical documents such as Han Shu
and Hou Han Shu.

Following the early introduction of wheat into pre-
historic China, the cooking method for this kind of crop
was the same as for millet and rice: people simply boiled
the grain to make maifan (the aggregation of cooked wheat
grains). However, this rough process was unable to
separate the coat from the grain. As a result, mouthfeel
would have been terrible and deglutination difficult. The
invention and adoption of the stone mill helped people
resolve this problem by turning the grains into powder,
which has enriched the variety of wheat-based cuisines. In
the Han Dynasty (202 BCE-220 CE), the widespread use
of stone mills assisted Chinese people to use wheat more
easily. Meanwhile, the development of water conservancy
facilities and irrigation techniques helped to expand the
scale of wheat cultivation!’?!. During the Northern and
Southern Dynasties (420-589 CE), the mastery of flour
fermentation technology made wheat-based food even
tastier!”!,

Apart from the development of wheat cultivation and
processing techniques, the climate and the population were
also vital factors during the intensification of wheat
utilization in the Central Plains. From 2000 BCE, the
Northern Hemisphere experienced a dramatic cooling
period’*). Unlike the Central Plains, the fluctuations of
temperature in the northwest region of China had
significantly affected the yield of millet farming. People
were forced to cultivate more wheat and barley to adapt to
the colder climate. However, in the Central Plains, higher-
yield wheat became popular during the Han Dynasty due to
the rapid growth of population, the shortage of food and
the need to survive!”!.
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4 Conclusions

Based on the comprehensive analysis of evidence from a
range of disciplines, including genetic, taxonomic, arche-
ological and historical literature, the history of the
introduction of wheat and its utilization in China can
now be better understood. Wheat was not an indigenous
crop in China, but rather it was domesticated in West Asia
around 8000 BCE. It was first introduced into China
between 2500 and 2000 BCE and became one of the
staples in the Hexi Corridor and Xinjiang after 1700 BCE.
It remained a subsidiary crop in the Central Plains until the
Han Dynasty (202 BCE-220 CE), when its use changed in
response to the difference in susceptibility of traditional
rainfed agriculture to cooling climate in these areas.
Following the Song Dynasty (960—-1279 CE), thanks to the
improved food processing technology, wheat finally
became the most favorite staple food in north China.
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