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Abstract: [Objective] Foxtail millet (Setariaitalica (L.) P. Beauv.) is rich in nutrition, has a short growth period, and is
resistant to drought and barren. Planting foxtail millet plays an important role in optimizing the agricultural planting structure and
promoting farmers’ income in arid and semi-arid areas. It was of great significance for the sustainable development of foxtail millet
production to analyze the spatiotemporal characteristics and regional advantages of foxtail millet production in China. [Method]
Based on the provincial and county production statistics of foxtail millet from 1985 to 2015, the spatial and temporal variation rules
of foxtail millet production in China were analyzed by using the yield contribution rate, center of gravity migration, comparative
advantage index and other indicators. [Result] In the last thirty years, the sown area of foxtail millet in China decreased from
3.318x10°hm? to 7.88x10° hm* and then recovered to 8.39x10° hm” The yield increased from 1 801.2 kg-hm™ to 2 342.9 kg-hm™.
The area contribution rate of total production change was 80.3%, the yield contribution rate was 18.4%, and the yield contribution
rate gradually increased. The center of foxtail millet production in China varied little in recent 30 years. The advantageous production

areas were stable in the midwest part of northeast China, the north-central part of the North China Plain and the southeastern part of
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the middle-low plateau area in the north, which were concentrated in the counties bordering Inner Mongolia and the three provinces
in northeast China, most of Hebei, northwest Henan, central Shandong, most of Shanxi, northern Shaanxi, eastern Gansu and central
Ningxia. In the last thirty years, the yield increased in the North China Plain, the northeast plain and some counties in the northwest
area, but the sown area decreased significantly, which made these regions show efficiency advantage and scale disadvantage. After
2000, the sown area of Jilin Tongyu, Inner Mongolia Aohan banner and some counties in Shanxi province in the middle and low
plateau area in the north were recovered. The counties with scale advantage and efficiency disadvantage were concentrated in
Shaanxi and parts of north-central Shanxi in Loess Plateau area. [ Conclusion] In the past 30 years, the sown area of millet decreased
first and then increased, the concentration of foxtail millet production in China had been increasing, the advantageous production
areas tended to be stable, and the yield had been gradually increased. The summer foxtail millet replaced by summer corn in North
China Plain was difficult to recover, and the foxtail millet production in the midwest regions of northeast China, the northern
agro-pastoral interleaving areas and the areas along Taihang mountain had the potential to recover. The progress of foxtail millet
breeding, cultivation technology and production processing machinery were very important for improving the quality and efficiency
of foxtail millet production and realizing industrialization development.

Key words: foxtail millet; county; ArcGIS; spatio-temporal changes; contribution rate; migration of center of gravity;

comparative advantage

0 35

UiFREX] BT (Setariaitalica (L.) P. Beauv.)
HAAFEME. KR HER. ST SR
FREME B AR T 5 R DORA, 2R AL 7 L
AR B S PR RO s A 5 AR ERUELR
S RBIEHIDSEEZ (4R AL, PR P, RS T
HATIH KRR > T3R5 K -9 R
EEASRYERN . FN, 87FEAREMEHSH
HHE, B A &) 7 K I A Wi I, 72
D101 55 DX JEAT AL VRS 1 B RELRE AT 24 4 It 23 1S
AEACA B S a5 R B R e g E- . DA, 42
WA D), AR A R, AR A A
FER R R R N E R, [Ar AR RE R Y Tk,
— B2 R AR e EL AR AR s, SR 2 R OT
T 2 PR A 7 I 3 AR A 5 LU AL FAEAT T 9T
KR EEPER F STk AR ST T 2003—2011 4Ef
FRL SR RPORE 25 14 R A0 TR B 1 P I ik, K
JE T4 A5 DR AR SRR X R
ST RS o LU R AR K, X A 4 iy kAT
T RIS EY 2, W T &AL A
ik, FEIR IS o3 b 544 0 T I8 2R Y AR B [ AR 0, R
LR E A P EL W AR R, RERE
kROl “rRRALI” o “ABRM T o B
A UT030 3o P 5 1R /KR 0 A T R /KRS it
A B ) AR AT R IERE LY 230 km, =B L A AR BIE
B2 320 kmo 4 M7 25V F ELSaloR £ 7 S0 AR
B RN, KL 1978 45 B & A2 = F

1 800 mm LA_L i 45 7] 400—800 mm R &5 Wi ,
R ) - S X AR, AR T K S Y5 ) e RO
H, ABHIRT R EIAE . X2 IR 58 A
PR AR T ST, R () AR
SERTREE N 2002 ARSI F R BN, £ ok
SERE TR AR — BRI S5 M . = O BRI R P
b LA R ekl K SRR S 2 Bl L 481 3 Ak
DB . CARFFFRIIAN ST HE7 G4 [ E R
FERIB T A= I AR A G ST, W e 2R fis
RTINS FRAT TR AE . TR ¢
it ) S IASHIE ST LT 1985—2015 4E IR [E 4 g oA EL 25
FEMA AR s, FIHELIEE. PRtk E
fift s LCRARAD T EETTiE, 43 HriE 30 AFFR B4 A
R G WEBRIAFR AU I S - A AR, IR AR K
B A=A R, DU B E S A nl Rk
JEFR AL BURIEE S A4 -

1 MBS

1.1 BUERIE

AR SCATEFH K 2 B AR b S ol S ) R A T
19852015 4E43 4 A A A P2 5!, rp A AL 2
Be A AR BT FTHEAE ) 1985—2015 4E4F 5 4F 1 AN
ML T AMEG I B E By AR, R
BRI 2 E R 0 Chttpr//www.resde.cn) FRIXAG
2015 FFEHFHLA T 1 kmX 1 km W& SR . BB E
AAE i 25 o3 DX UL e [ RE 25 o % 9 PR B B2 S i
HUOFRAIE 2012 4F ELRAT U AT BN SR A, B 38R
PAFOE 10 MRIEX ., 31 A () Gl A X



11 1] KA LA 3 30 FIREL 7477 I 224 5 AL 5T 1885

B4 o 2855 NI AT E .
1.2 MRA%

.21 QBT ASFAEA VD 5 i R e e

B (1 EE OV SR OB TR S A T S,
xj{n;(cﬁ><Xi)/Zn:cji (D
Yj:i(cjiXYi)/Zn:Cji 2
dt:\/(xkﬂ _Xk)2 +(yk+t _y'k)2 (3)

A, Plxg, y)IRER T HAEYH j AR O BAR KR .
Cii RRHAEWIAE 1 KIS j AEMHA = A0 x
5 yi FOREE | AR UL L S AR . d R
INHEAE Y EOTIEA R AR RSN R, e 1 x4 7301
FORHAEWIAEER ket SR K SRR EAAAR, v A1 i
I MNFEREAEYILE SR K+t SRR k AR LR Ab AR, JE I
ArcGIS 10.5 TP e T R 8] P(x, y), IF
HE— 0 I AR 4 TR AT O E BN T
Fo BT BT B4 B2 T ARR ™ o 1) A e (G 53
S, VTS 0 FO AN LI R B A LD,
FL I 2R 15 7 S AT B ) 4 [E AR A P AR
P, MR PR OIS ik 2 1] B 5 A
KRR WL LT (1) A [ 43 A AR D
1.2.2 \R. 27 BETMELSHE BT 07
X AR B EAER DTk R A2

Y.
L =(S,,, -5, '
RSI+[ ( i+t I) Pi+t _ Pi (4)
Si
RYi = (Yi+t - Yl) PiH _ Pi (5)
(Yi - Yi)
Rl.= (Si+t - Si ) Pl: _ Pi (6)
Rsi+l+RYi+t+RIi+1:1 ( 7 )

KA, RSie RYin Rl Z0IFR7R 1 IR Y ARl
A TTRERAS . B DTk L AR HAEDTHR A Si.
Siw 8RR 1 AR 12T t SERHRFITIAN: Py Py
IIAER RN AR R AR R Y Y 20l
TR VAR5 AR ™,

As= RS., (8)
s ‘RSHI ‘ + ‘RYH( + ‘RIHI‘
Ay= RY,. (9
Y ‘Rsiﬁ + ‘RYHt + ‘Rliﬂ
RI.
R, (10)

Ar RS,..|+[RY,,,|+[RT,

1 1+t

A, Ag o A 0T R 28 (1) 20 7 — 2R ma ik 2 41
XHEZFILL I, Ay Z 7 B o1 R 28 1R 00 H =
RKoTER RN 2 P LEEE, A KR TAE ik 1
Y0 T R DTER R L ML . Ag>1/3
AT E SR, Ay>1/3 N ESM, A>13 4
HARRL,
1.2.3 bt #dede  WERAIRET 5 B LA
fLF#FEHL (scale advantage index, SAI) R LA
#FEHL (efficiency advantage index, EAI) FIZE& L
#A4E%0 (aggregated advantage index, AAID) !,

(1) B ASEH WA H DX AR ) P
B, ] R EDI L g, kAT

SAl=—2 (1)

A, SAL K i X j FEMI IR EG GS; A i
DX j B S IE R R GSi R 1 X BT AP A K %
PR AN GS; b4 § Bl ™ SRR T GS
h A B T AR S IR 2 1. SAT;<<1, Wi
X j FPYED A = IR 4 P3R4 1453 SAT
> 1,00 1 DX § BiEY A P AR 4 [P AT Ak TR
P SAL EHBA, B HEI .

(2) RERANIASEEU I ITEAE Y25 H X 7 54
B E N {A A 1 TS 7 o = /NS W 1

Emfii (12)
X, EAL; K i X j FERIRIRCEMAIREG AP R i
DX j FEDI = AP A § FIMEYER . EALG
<1, LB 1 X j PED AR =R i A I A 14534 EA
>1, UL 1 X § FIEY AR = e i A [ AL T35 BAT
HAK, LA 5

(3) LA WL FR B S & % e B L R AL 34 5
RS, Ak

AATL= [SAL; x EAI, (13)

L AAT O i X FHEYII 286 BUEBIR AR E AAL
<1, ULWIF4AESEEAREAEL, 1 X j FEY) A At
THESH: AAL>1, BEHIEAEFE P, |
D j R A T R A . AAT O, DRFht
R

2 R

2.1 AFEERELIHETL
1985—2015 4 E A FAEF= IS sCE 1Y, e



1886

bk Al B

2

= 52 4

BRI (B D o AES TS RAEY
SR AR LG EE 1985 AE I 2.3% BRI AR 2013 A1)
0.4%, JEZWEITEE 2015 £ 0.5%. 2EA 7%
P AR AR D R R I AR LG E 1985 AR 3.1%
PR 2009 11 0.7%, JEZ#iHITHE 2015 411
0.8%. 1985—2009 4F, &AM A H 3.318 X 10° hm?
k> 7.88 X 10° hm?, Ik /> T 76.3%, &k i i 1 5.977
X 10% t JlbE 1.225X10°t, WA T 79.5%.

2009—2015 4R T+ A 8.39X 10° hm®, 1

C—1 % FP1HI R Planting area

JEFAIAA Planting area (x10° hm?)
S Total production (x10° t)

(i8]

N ' Total production

PO b e [t R e b e e et

1
Fig. 1

BRI R = W B = A R & T 2
TR (B2) . 1985 FELLATAE. BRI, H
S . AR AR, RS 1T BREE. HOR
SEER R, KT 15000 hm? (95 3850 A e 1L 7
JEE R =R PEH—2k, 2 000—15 000 hm® £.4E
YRR . SRR AR — S R
FIrR b . 2015 AE . WSE . b, 0T, BR
PE. EARS R LR HOl . SN TEA T4
A LR R, FERTERC T 30 000 hm? (1 BANAT Y
SEIBLE, 15 000—30 000 hm? Fr-EL = 3k s i
DI R E A B bR T, 2 000—15 000
VRt RE e L G it | i TN i | = N T i
5. AL AR,

30 AEAV I IR X L ARG S b oy £

1985—2015 F2ER FHEMER. 5=

Change trend of millet sown area, total production and

T 6.5%. B EBITFE 1.967X10%, #H1 T 60.5%.
30 4E A 77 1 1 801.2 kgrhm™ 425 % 2 342.9 kg'hm™?,
$Em T 30.1%.

30 4 [AFE R TIBLINT 500 hm? (1) 58000 1 5 0
AR IR B /N, KT 500 hm? F B B0 80w,
500—2 000 hm? [¥) EL B0 A /1N, 2 000 hm? BA_E (¥ 5L
HO IR, AT 50 (1 B4R R AL AN 4
LLEE Y 1985 4511 31.5%M8 N4 2015 4E[¥) 55.9%, 4
P TR SR TR N

. - 3000
—&— 1™ Yield

2500

2000

1500

¥ Yield (kg-hm™?)

1000

500

,
S = A 0 T v O > X DNO —~ AN T N
(== R R R =R = R R o R R e sl s sl sy
o O O O O O O O O O O O o o o o
(o I o I o IR o~ N o I o~ I o~ NN o BENY o oS BN QN HEN'S ANE o BN o BN o BN o |

F0} Year

i3
fim

. BET{ER
ield from 1985 to 2015 in China

G

<

BRARA A B, 2000 45 5 b AR R R X 3
FRIEA « N S B Lo o3 S R A T AR el 7
B AFEO R ARG PR 7 3, FOTE 1985—
1990 4EMIARIECR, HAbE AN (B 3) .

19852009 £, =37 253.3 hm®, LA
B RS, Wb BIETTEA T 4.6X10° hm?
PLE. AR T 3.1X10° hm?, Fbk. tiZs. Ly
FH RG> T 2.0X10° hm? ZeA7, T RIBEPg b T
1.0X10°hm® 245, Hiliib 7 5.7X10°hm?, 500,

T 2B TR s> T 1 000—4 000 hm’.

2009—2015 4[] 4 [E] K6 53 1 [X 4% 1 35 o 1 FA 4k 252
Wb, 0T BRI R BRI T 17 860 hm* LA I,

HRU> T 5 340 hm?, [ gk/> 7 2 280 hm?, LB
HIG s SR X A R OR IR T (4D, ST



11 XA T4

T 30 IR E A 1A I AR S DO AR ST 1887

=
0 750 1,500 3,000 4,500 6,000

km

FHES: GS (2019) 1367 5

TN
b i e
£3r ATHHER a3F

i "‘ﬁ%’ Millet planting area (hm?) ';'_S‘g!

T No cropping <500 2000 5000 15000 30000 >30000

Millet yield (kg-hm™?)

FEFiHE No cropping <1000 2000 3000 4000 5000 >5000

av by ¢ 73R 1985, 2000 4. 2015 FEHEMIMA. dv ev F0HIHLE 1985, 2000 4. 2015 FFEHL™
a, b and c represent the sown area in 1985, 2000 and 2015, respectively; d, e and f represent the yield in 1985, 2000 and 2015, respectively

2 EATEMERMAFHEES S

Fig. 2 Distribution of millet sown area and yield in different counties of China

48 026.7 hm®, #HAMALPEHI N T 26 793.3 hm® L I+,
TR PR LR SRR T 2 000 hm? B 1, R
N7 1073.3 hm?, YLPEHEHNT 600 hm?, St M40
T 6946.7 hm*, =FEHIINT 146.7 hm?,

30 4[] 48 L Y IR 22 11 DX sk 3 24y AT A o
T H X 2 AR AU DX H s, 2 1 0 7 DX = 15l
FUHAbEE, 257 R E TR A B T A
MZesEkmeg (B 3) o BT ™ 1985 4F LA 4R
W R Jbat &b s, KT 3 000 kg-hm™
fEL A A AR (L R A a3 . T db R A P R, K
T2 000 kg-hm? fEEFE LA Wb hpE, TR
JEiB. WS —w 5 R AR A B . 2015 4F
Bl B, AR BBV, = Eg. Widb. k.
R B 3L 7 5, KT 4 000 kg-hm™ (i B 32 5243 A
PRI R WA S i
s PR PP, WSS RIS EIER

LAk, 2 000—4 000 kg-hm™ [ ELAE LI ZR | 0L
P, T db 3B R A AL e X 3 . 30 4F 7] 22
TV B PEAIN T 200% L F, AR SEMURTEL 32 88 0
T 100%Lh b 5= Wb Hl A e in T 50%
PA b o 2000 AFHT L 138G AR TR AR BOENET R, AR
e =25 Bk, 2000 4 5 57 (138 0 48 A e Bk
WP IR WEAREIET —4 . RIOEHMX PS5 A5
KRB B (B 2) .

30 A A 2% F 7 aE AR A DT R DL T R AR Ak
(80.3%) , VAR =24k A4h (18.4%) , HAETIRAN
BPEAML AN (13%) (K 5, 2ERTE
FETRA DTRR AR T Iak /D o B DR AR B N (3% DD
1985—2000 4, 74.5%[M4 ¥ FiE L= 5280 f AR
TAET, 242%H BN T T, 1.2% 4 HAERE,
2000—2015 4F, 75.5%[M4FF FiiE EL =522 40 f AR
BHET, 23.1%H PN ET, 1.4% 0 HAER



1888

RN E5 R B A S - 52 %

A, FRACHLIX 55 P SR ) B R o ik A S L A
1985—2000 “EHI N4 .
2.2 AFHEMBEHNEIHRETK

S AT AR AR ) BT LR A B

PR AR R T R 2, AL X B R
AP A RIS Wb S A
T AR B = 55 3. 1985 A IR B 35 B AT L3 1)
DA AR AL L P AT L L ARAEES . TR AL, A

116° 118°
/" i \\ﬁ
N / P
o S
A g < 1985
X \ {8
Beijing -
B [)
40° Hebei
; ¥
& F -
IS Tianjin -]
/ s
Hebei V8 .
CE[ 995 ATFELEH s
Transfer of barycénter of millet -
N EEERELA T G
) Sown area gravity center
—p HHERELTERE X
The migration path of the sown area center—~
RO A o
otal production gravity center ¥
/N Total producti i >
38° AR ELEREE /
- _» The migration path of Fhe }ptal production center
0 30 60 10 WAH
- Shandong
, F km

3

1985—2015 £/ FE LT HIERE

Fig. 3 Migration path of millet production gravity center from 1985 to 2015

—e— e R (61XD
North farming region (6)

FEFIIA Planting area (x10° hm?)

LS}

H_.’—w—fA

1985 1990 1995 2000 2005 2010 2015

& 4

25

—_ —_ )
(=) W (=]

147 Total production (x10° t)

w

—e— IR AEX (21X)
Huanghuaihai farming region (2)

—a— FRAGRAEX (11X
Northeast farming region (1)

4000
3500

3000

2500

2000

1500

7 Yield (kg'hm™)

1000

500

> —e

—e— Jfib[X Other regions

* ! 0
1985 1990 1995 2000 2005 2010 2015

E4) Year

1985 1990 1995 2000 2005 2010 2015

1985—2015 ELE TR RMEXAS FEMER () . BFE (b)) . B (o) THIER

Fig. 4 Millet sown area (a), total production (b) and yield (c) in different farming system regions from 1985 to 2015



11 1] KA LA 3 30 FIREL 7477 I 224 5 AL 5T 1889

F1 ENEENBEEERFFEmmETH
Table 1

The change of millet yield contribution rate in each period of China in recent 30 years

I B HER AR AR AL B R R FEARA HRTTIRAE LT e HAFTTIRE
Period of Change in sown area Change in total Change in yield Area contribution rate  Yield contribution rate  Mutual contribution
time (hm®) production (t) (kg'hm™) (%) (%) rate (%)
1985-1990 -1040000.0 -1402.0 206.7 67.5 24.7 7.7
1990-1995 -756066.7 -1556.0 -249 95.3 3.6 1.2
1995-2000 -272400.0 -893.9 -282.9 51.5 41.1 7.4
2000-2005 -400800.0 -340.1 401.9 50.7 37.4 12.0
2005-2010 -40500.0 -212.0 -156.9 37.9 59.3 2.8
2010-2015 30673.3 393.5 397.8 15.2 81.7 3.1
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