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Abstract: This paper aims to investigate human foodstuffs and lifestyle during the Western
and Eastern Zhou Dynasties in the core area of the Central Plains using starch grain analysis of
human dental calculus. Plant microfossils, starch grains and phytoliths, which were found in most
calculus samples from the Guanzhuang site, were from millets, bread wheat, rice, adzuki, tubers

and acorns.
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Diversity of starch grains and phytoliths extracted from dental calculus and analyzed for their
morphological characteristics indicates that a variety of starchy plants, including crops and
gathered plants, were consumed by the Guanzhuang inhabitants. Millets were dominant in the
human diet of the Guanzhuang site. Bread wheat was of secondary importance. Combined with
the macrobotanical evidence from the Guanzhuang and other neighboring sites, a traditional
millet agricultural system still existed in the core area of the Central Plains when the multiple
cropping system had emerged in this region. Meanwhile, the importance of bread wheat increased
in the agricultural system during the Western and Eastern Zhou Dynasties and a change in the

cropping system from millet-dominant to bread wheat-dominant ocurred.

Key words: Guanzhuang site; dental calculus; starch grain; phytolith; diet
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Tab.1 Human dental calculus samples selected from the Guanzhuang site
L E S FE iR R HURESR AL AR
GZ1 MI8 HFHE=HkA PiJE 2 bR
GZ2 M18 HEHEHIA P Z bR
GZ3 Mi8 F A =R Y P Z bR
GZ4 M18 VERWN] P Z bR
GZ5 M18 HEHE A P Z bR
GZ6 M18 HEHE—TA P Z bR
GZ7 M18 FEFE—T A P Z bR
GZ8 M18 FEFE TN P Z bR
GZ9 Mi8 Fe R =R Y P Z bR
GZ10 M18 Jr T VYR P Z bR
GZl11 Mi8 HEE =% P Z bR
GZ12 Mi8 ZERse A UTTIERS, P Z bR
GZ13 Mi8 i B =R P Z bR
GZ14 Mi8 El NS P Z bR
GZ15 Mi8 PEley s P Z bR
GZ16 Mi8 HEHE—TTN P Z bR
GZ17 MI8 Fe BT P Z bR
GZ18 M18 ooy s P Z bR
GZ19 MI8 F R HY% P Z bR
GZ20 M8 F ik P Z bR
GZz21 M8 [t P Z bR
GZ22 M8 HIF P Z bR
GZ23 M26 [t P Z bR
GZ24 M26 H EE =% P Z bR
GZ25 M26 fe A —RTF Y P Z bR
GZ26 M26 Rtk P Z bR
GZ27 M22 Fth EL R
G728 M22 H BB —H% EL R
GZ29 M21 ERE=MH% P Z bR
GZ30 M21 AR % P Z bR
GZ31 M21 =M% P Z bR
GZ32 M21 HRE % P Z bR
GZ33 M21 KR P Z bR
GZ34 M25 IIERS VG JE G
GZ35 M7 HFE AR VG JE G
GZ36 M7 e bE—HIA V5 JE B 30
GZ37 M10 EN N g ) VG JE G
GZ38 M10 FS) VG e e 441

* BPMRHER, L C EREUR
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B 1M REEMRERE (B a. by cv dv h#RRJ9 20pum; HRJ9 10pm)
Fig.1 Starch grains from some modern plants

a. 78 (Panicum miliaceum), VERYRIRIAZTEHE] 5.96um -10.99um, “FHJRitE 8.42um (n=46); b. SE (Setaria italica), VEXyFRI{EIEH]
6.23um -19.35um, “FEJKi4E 9.32um (n=55); c. /NE (Triticum aestivum), FERYRDRAZIER 5.77um -31.24um, ~FHPRAE 14.98um
(n=82); d. K (Hordeum vulgare), ¥y Fikif2iEHl 11.29um -30.33um, “FEJRiAE 21.82um (n=49); e. /N5 (Vigna angularis),
VEM BRI VG 24.6um -71pm, PRI 48.03um (n=114); f. G5 (Vigna radiata), JERPRRIAZRTEE 11.9um -52um, “FIkie
27.7um (n=188); g. W& (Vigna umbellata), JEKRIRIFEIEHE 16.2um -86.2um, “FHJHRi4E 48.31um (n=251); h. (L2} (Dioscorea
opposita), VENPRIRIFTEHE 5.89um -43.58um, “FHRi4% 22.86pum (n=115); i. FiAK (Quercu sacutissima), JEFFIRIZTEE 6.9um
-2021pm, TFHERAE 11.13um (n=62); j-k. 5532 (Sorghum bicolor), JEFMRIKIAETEE 9.37um -29.52um, “FHJHifE 18.1um (n=46)
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Fig.Z Starch grains and phytoliths extracted from human dental calculus selected from the Guanzhuang

site. Scale bar: 10pm (except Fig.w: Scale bar: 100pm)
a-d: 51 BIERGERY KL (Type 1, Setaria italic and Panicum miliaceum); e-h: #EVIZEEEE (B0 JE#rFL (Type 6, possible

Sorghum bicolor); i-j: &5 11 Z/NFERFENRL (Type 2, Triticeae); k-p: &5 I /NG GEMHL (Type 3, Vigna anglaris); q-r:
IV HZE 50 kKL (Type 4, tubers); s-t: 25 V ZRARJEVER KL (Type 5, Quercus sp); u-v: V2R GBELD Rk (Type 6,
possible Sorghum bicolor); w: K E/KFEFT I XUE TR AE LA (double-peaked cell from rice glume); x: K E RAFBHEYIFETE 1)

JEfEAA (husk phytolith from Poaceae) (& w A7 100um; H A 10um)
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SO 6T TS RHIE, 0 5 2K (HE 2):

WK 79K, ZREGERIE, BralEd, TRELL o BORTER KL mUb A

2k, 25 Y BEkEagtE, BAR O ALE 6.3um -22.6um 2 [i], #B2TE MRk 45 4 5

(Bl 2:a-d) o ZIEHTEMBLRZ RE TARARED T T, 3K ( Setaria italica ). 7
( Panicum miliaceum). F& (Oryza sativa). &% (Sorghum bicolor). UL (Coix lacryma-
jobi L) % ", s RgyE R AL, PRI 8.42um, KIAREHE 5.96um -10.99um,
REREEALBR, AR 250 B A s 24 ™ (- 1) e
RLRIAETE Y 6.23um -19.35um, —BAEIT 19um, ~FIEKiAE N 9.32um, i &,
HorpoR AR KRB 2 1 B s AR 1 (B 1 b) s EREERYRLS SE . R ATER R
KARFIEE EEH S EE, (HERER R EZ K T EMZE, A% 18.1um, A5
R R FH NIE B SOE A, BRMERM S SEUHR, BfafRe ™. H1%k+$
KLA2 KT 19um () 8 ek KL A MK B SEMZR, EATHH Y Bk R, KA
%, AREHERRSR H mRMETRE (B 2: e-h) o AR 71 BUEMpRLR A6 TR 4%, ARAT
Ak H R . RIEM PR —RAKRT 12um, Kb H AR A2 KT 12um 17 52 B
FIRAR AT RER A 3R (] 20 c-d) , IX 7 UE by b R oREAR R 38 J0F i A7 ) 28 B, AT
B SRR R E . (FRLAR /N T 120m (1385 RITEMRLTC A X 4y, I A HE R R
B/ANT 12um FIRH 19 ek KAk H AR AE (K 2:a-b) .

0 VSRR T 1 1% 117 = N S N3 i VA S i U b A HES A SN U
Forb R BRI T 4 O Ry KL B R AAE 31 B A, i RUE R, BB RAR K Ve R kL2
SUN L (B 200 o BEIRTEMRLIRIAR 2 AT IRk, 850 TE A58 3R I8 I i ve Fr
KRR AR LE 5.6um-38um. FRATHE /N1 19 Bk Ridi T 704 " (& 12 e-d)
TR R & /N2 R BRI I S 2 ™M, R BN (Triticeae) TokE. KIAREIKM
TERTRLZ S I, B ORI ] WAR RS, T2 AR R, X EERHIE 5%

& 2 BN RRA S REHRRER T EUE

Tab.2 Statistic data of lengths of starch grains of common edible beans

[UEN Guikgd () BRI (um) WAz dR/MA (nm) RS T (um)
/N (Lens culinaris) 23 35.3 8.27 22.83
N ZEF AR (Lens orientalis) 52 32.36 8.68 18.6
WS (Lathyrus sativum) 38 49.14 15.86 33.15
W G JE—R (Lathyrus sp) 74 40.27 14.95 26.84
SE5 )& (Phaseolus mungo) 144 30.74 10.84 24.77
Ui S BB A (Pisum sativum ssp) 25 52.06 7.59 33.41
WiE (Vicia sativa) 35 49.14 15.32 25.4
HHWI S (Vicia ervilia) 106 29.22 9.16 19.01
oG R (Vicia sp) 26 31.55 7.06 18.69
[EWESS (Cicer arietinum) 43 21.15 9.39 16.17
/W& (Vigna angularis) 114 71 24.6 48.03
25 (Vigna radiata) 188 52 11.9 27.7

W5 (Vigna umbellata) 251 86.2 16.2 48.31
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/N2 B BUK 2 SR M R R e B e & U T Atk Rtk N T, R i
FUEMTRLR H /N EZ B AT R ROR .

S 9 kL, M6E R M =M, 5P R BOE 56T A T 32 7] 0L &
JE80, AR, X AE, SaoemBihig i aagE (B 2:k o RERRK, JuH
9 283um-67.7um (& 2: k-p) . ERHEYITER R Z SMEE . BIREURA A =M, K
BRKR BT LR ZEOZRR (YN, B ) B A EUDIRD 2 S ARME Y VE KR B 21
B HFAE Y (K 1 e-g) o ASSSHUVER KA S RMEYITER RSB — 8, Mok E ER
Y. 15 Nk KR EY)F) & 52 258 55 (Leguminosae) B 1E IFF} (Papilionaceae ) ,
TATN RGBS (Lens culinaris) B £ F (Lens orientalis) 1L T )& 1) 1L
® & (Lathyrus sativum) . — R FF (Lathyrus sp) « 3 5. J& i) Phaseolus mungo. Wi
OB MW S A (Pisum sativum ssp. elatius var. humile) . B Wi & )& [ B Wi & (Vicia
sativa) =BG (Vicia ervilia) VL —NREFD (Vicia sp) « [EWE G B TIEBE S (Cicer
arietinum) VAR ELE J&I/NE. (Vigna anglaris) « %% (Vigna radiata) TS (Vigna
umbellata) %5 7 )& 13 Fhfx Fl G RAEMRIE ST T 1 (% 2) , RILAARE
S5 @ /NS AR S R e Ry Bt ok AR BE R T 60pm,  HLES ISR yE M ki 5 AR /N S ek kL
AR — 3, WG = 2Ry kiR B 5L & /N G AT Re It i K

EIV: T BREDE, K40 50um, FHA 34.4um, I SUE T —ui, B sibfiE <y
TEREL (2 qr) o PP i m O RIS BGE A b B B 2 1 B B 2 SR )
TEMPRARIE (B 1) PP BACE 1B, (ER SR ZE R A ) BT AE ] o

BV AR, SPRERIEIE, KRR, JuEN 13.9um-29um, KK INIE jE
zvip AR S ISR E2 N [ O S N N A DR i A A IR 2 1 S B 5 W i i i 1B R
AEE (E2:s-) o IRGEHRA R RREM RS IER N~ ™ (B 1D, A1
ek AR B Y .

FEVIZE: 1 FL IEMETE, RifEN 25.9um, B SAE Y R, RiEZESHE (E 2:
u-v) o B SRR 50 ZREYIVER KIE AT XL, ISRVERY KRR B R R
TR SRR A A M (1R i o)
QAT FTA, 55 TR PORIAR KT 19um 1) 8 Fi 16%
MR R E BRI, SasVizEx1 TR T
WS Ve R, X 9 Bugkkick  HERW
SRR SN w0

B R S5 A b E EE YR S e &%
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o> AR RE AR T A R AE B e — b R WL 7Y

EHEHE (T1)
47%

MEBE (31)
IR (B 2:w) , K T8 R R T 2150
ST B MBASREEAR R A RARE B 3 B R A AR R R
PR FIRES (H2: 0 , ST RO ER AR BT

N N = Fig.3 Types and quantity statistics of undamaged
1 yez A\ A +
F GBI R, 1T AN HE BR IX O 25 L AR A starch grains extracted from dental calculus from

KHZHBIARE. Guanzhuang site
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