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Abstract

Exploring the spatio-temporal changes of cropping patterns at township scale is crucial to advance
China’s agricultural supply-side structural reform. In this paper, 14 towns and sub-districts under
the jurisdiction of Shouguang City, Shandong Province, are used as the research area to analyze the
changes in cropping patterns and the effects of water and soil resources consumption. The study
found that from 2006 to 2016, Shouguang City’s cropping pattern was always a single vegetable type,
while the cropping patterns of its townships were significantly different. Among them, the five
townships located in the middle of Shouguang City were mainly composed of wheat-corn compound
type; the six townships in the south were single vegetable type; and Yangkou Town, located at the
northernmost part of Shouguang and the mouth of Xiaoqing River to Bo Hai, was adjusted from a
single cotton to a corn-cotton compound type. The changes of Luocheng Street’s cropping patterns
were the most significant, with five cropping types, which were finally adjusted to a single vegetable
type. Taking the cropping pattern in 2006 as a basic scenario, the adjustment of the cropping pattern
in Shouguang City had aggravated the pressure on the shortage of water and soil resources, and the
effects of water and soil resource consumption on the cropping pattern adjustment in the 14 town-
ships were different. This study provides more refined scientific support for the cropping pattern
adjustment and sustainable agricultural development in China’s townships under rigid constraints
of water and soil resources.
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1. BY

T, P EROR R F BT E O A EA R NG T JE[L], TR Bt TSRk
PR R IFAF[2]. PSS MAG . A0 R EEAE s R AR P ) LR 3R, W ARSI IR e A
PR P A B B T EEAE3] [4] [5]. VEVIFE S5 R T A T — B RO B 2 R R ML 22 5 R
14 HEBERT RN, PR ERNAE6] [7]. HET, 2R FE SR w EEED TEX
[5] [8]+ XIH[9] [10] [1L]A148 i A R B[] [12] [13] [14], FEAE T Fhke &5 M I 25 AR Ak, S LUKy 77[15] [16]+
T ol B 5 R LS R) 40 A [17] [18] PHIESSMRAG[11] [19] [20]. LIRS AR S AE[21] . R fEAE10[22]
[23]\ 578N JIFIAC LI [24] [25] BORBEDAE[26], LA RAHE S5 M0 /K 1 B2 [27] [28] [29] A
N[301% 77 I . B9 B, 1978~2003 4, H[EFPE L A& FRILH BB < 2 &,
2004 R AR N “Haktk” G5R[2]; EIEE , 2002 45 IR /EY N E R S5 1 R A T IR AR 1L,
DAKFE A 2 B RS = PR RE KRG . /NS R0 SRR R DX 3 A7 PR S, G Hp SR Ko T AR L 431 7 % 1]
AR RE, EREE AR - PR CEOR R, K EAN B S 2SI L A5 7E 3 A X ER
B IN[5]. i H A AR, BRE R 3 X RS oK A A A E S Ak X B [31] [32],
IR T St XK SRR ER[33], AR s Pk Nz . iR AR R YRR, K
FE K B EFIRE R E YRR T k2> [34]

U EDR RO KE, R T F KRR B Z M Xz —, ARSI 5 &5 A T

ik
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BI7KF 1) 28.0%F1 40.0% [35] [36]. 1M H, FEK T FIEZS RS AAL, KA FPEHITH ™ E KM, Ll
DX AR T AR o 4 E B 65.0%, T /K BEUR S AN 4 [E ¥ 18.0% [37], {HF-FIME N 4.0%, %X R
AP AR T KRR, IR R X KA DAREAE 1~2 m Sl BE T RR[38], T KGR ™ B AR A O
SR ) R [39] o FR EDRR ARG 7 2 DA i FE I R FH /K R BRI, TR iR T AR 38 A K B
VS FE TR KA 14 1) e ) 32 AR tp e /K R SRR P B BRI AL T M X [29], AN B IX ek AR A P kSR SR A
T BB — 2 7 AR K SR A R A 4 [40] 4, BT SRR, B b5 K BEIR 43 A (R A n g,
A b 5 84.0% ) EL T I ™ B /K SRR AT R [41]. X HEHIm &, EA A # =D, i HA R = e
ARG, . ARZEP A e G b A T R 2/3 BLE[42]. b, AR . 7K IR B B S A
i 2 TR B A e RO R, B Tl Al IR e — D HEdE, 7K BEURRE RO A = 1N
PEL AR I 2o K R BHRZY R H IR B A AR AT %2 4 FF S 858 T RF a2 th F T I 1 e KBk iz —
[43] [44].

AR5 6T K B J5™ BB 2 A B iy, A¥BHh 0.078 hm?, AX) /K E PR & 185.7 m® [45].
b AW FHAGEEIG I, REAAR A A 7= SRR A U e As , BUlEE e ORIl R R KR 2
FLBR K™ ERER X, (e T AR R X MR 41.6%, Ml 48 Bk Rk HX, 251 FK T
B R R K N AR S5 7% 5 2B 25 5 PRI b 5 1) R [46] o IR 1, 4 iy 4 ) 8 5 0 0 2 A 7 66 b R £ & 7 o (15 1
IKREAE . HFKEER S B AR R & N B OO R A e RO T RE 4k R I 2 BRI [ 3. %
Tt AW TR B TR E A R R B AR RN R A T R T AE Y 14 ANEURIAET TE D9, b i i Y
SR ARAE YDA 45 K I 28 AR A S 6 K - B IR R i, oK R BRRHIZ T, FolTi AL 2 B 45
AR HE N A AT HF SR R R H L T RS AR b 1 R S A%

2. ¥ E55/&%
2.1. AREXER
FETIAL T R4 118°32'~119°10", Jb4h 36°41'~37°19", Husbili 483, BhigsSEM B, WRgK

Figure 1. Location of the study area
E 1 fAIRXNEREE
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56 km, J& BB Z X ORRE LS5, FFIIRE 12.7°C, 4F-FH P/ 8B4 593 mm. 4R AR 2180 km?,
AN 117.0 /3, IEEALR 33.3%, %E 9 4H. 5 A7IE(& 1), —. A=/~ ELE N 13:2:42.8:44.0, Bt 136.6
T, o A RCRER T AR o5 L 92.1% [45].

TR E R ENRE. HE. Bib. . A%, BSIgEmmEm AL ARE S 2 R,
WA P2 BT, RIS 1L 2R 2 B e A T TSORN 38 vk i SR A TR R B Tl o e e o 4 4,
AR AR ACRIIF R A A RE L, idm o “HhEEESRZ 27 o B CBONE RS LR
REERNCKRIR, AR BRI 70.0% L E[47],

2.2. BiERIR

AT TR 75 6T I e 2 s R ERAE M IR SR R B (Rt G it 4 %) (2006~2008 4
2010~2016 4F). F % H 4 7700 R Iis S B 9 HER, BT 6= 2009 GRS, DRI AR SOAE A I
J& 2 ST 4 S RHEREFBMEAE Y 2009 EFEO0TT AR 2 B ERAEYI R T AR KO o BT s
FTBUL AT, AW 70 LA R Bt SR 5 00 2 7 & KA 2014 4 £ 84T BUL R oL . 2007 4,
FH SR ARG A, B B A NS IE, PRI 2006 48 B SRR B 2 AR0RT S0 H00aiE 23 ) R 3 FH A AN I
WATTE RN MR . FAh, 2011 4F 12 AIRAETROL T EWAES AT IX, wiEF ke, =K
EMAT . EMAT . BRI EFRIG N BN EFIG PN RIS RN E
FIER . BFIK . BARWA . JERWR . SR SR E A RSB L 16 AN, Horp Ak
NIRRT 638 AP 1.2 55, 28R X S FMAE TR 7.0%, HE 15 M E T 0
H, RVEYIMETANZ) 15.3 Ji 07, 2050 30 X R AR AR A 93.0%. (K, 7F 2012 4E 5 (% £ Bk
VEMIGE T B0 b, AR FUAE X IR AR 25 22 5 Il X 1R AR VE P LA 7:93 L9 23 50l 43 e 25 65 Sk BRURI = 11 8L,
RERES 2 BB 5 AT RS . fJa, 2006 £ 2007 EGiHESTIESHH T &%, #ip. K
2. SR R A A AN AR A, ER BT L AR T R R AR R AL TR (4 L 3 43 A R
0.7%7F1 0.5%, HUAH FE AR THANIX 7 2 dE

2.3. AR A&
SR 4 M 5 Ab FEAS FH Excel 2016 F1 STATA 16.1 %14

2.3.1. RICIFELL BIT LIS AT

B FEA T B T FESA(111E) 2006~2016 SERIARAEMIRP L L GIAS b e %, AR FEt 00 11T R BT 14
AV RIS FE AR BLR L B8 ) STATA 16.1 GebH iR IR AE Gy HEAT— TR PE RN A 5007, 73344 %
S, HTRRFERIEDII LLBIRG AR 38[5]. #5 S < 0, ForiZH(HIE) IR 1E D) s i 35
S >0, FoFIZBE(HE) LR EY RIS InEiZaiET 0.05 S EMKT, B P <005, N
ISR E DA > BRI e 2. 4R S THE AR F

S= “Z::ltxq —(Z:n:lt)(Ztnzlxu)
nz::ltz _(Ztn:lt)
A, S ONFERMEVIFE LU A AL E R R s t N FEIT BE N B4R s n NI TR B Y B4R 4
Xtj NHEAE jVEPD R B A

2.3.2. RIEMMEEHREFIE
HRIESCHR[S], Ak 45 M SRR 2 & R AR AR T AR o B A VRS R R R T AR A 1 > UL S e, A

)
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FEES SRR AT 7 P AR L ORI AE YRR TEAR o5 BT (R 028 RURP AR IR ¥ 71 23 b 30.090AT
I =AM ATE, —RAGASEY 3 MIEY. W FATECRITRIVEY R m A b T =60 R A K HE
MR AR o5 BT A AR T AR L 30.0%, WA D9 XS A A 45 K SR AR g B — K RE AR s DA
. A 2 288 3 RAEMEL 30.0%, WICLEEMEIEATALS, WoKAE - KB, KRS - M - KERL
Q@FTAEEYI LI A 30.0%0], LART =HMiAEVINA G

2.3.3. RIEPMELEBABITLIEE
NS TE T B TR R (18 ) WA A E W P 25 F) ST VR AR A A, AS SO I 7 — 40 PO R AL 465 M) 2 TR 4
= SR B S BRI LE B, BRI R A& EE B RE RG], AT
R
R=%

max

A, ROBIEFFEAMRA L], HAEBEON[0, 1], 2RI E R . PO —F
PR AR R BORE; Py, SO TUR B T Pl 45 M 2015 S8 AL (0 P 2 K
2.3.4. RIEPMEEWTH L1 FTFEHR

PREENOLN, KA 2 A AR, R TR E 2 R R A R RS
TEM . R S5 A AL B 5 1E B AR MRl AR R SR AR AL B I S E W R [27]:

@

Q=A><Y=Z:ai><yi=A><Z:%i\><yi=A><Z:Si><yi (3)

A, Q R & A NRIEMEEMERR: Y LRI a AR | BRI IR i i 1E9
FRPRART s s i AR T AR 55 A A A i o AR EE A8
B MR S5 oA, BIAERFHIIA0) AR, FEAR ()= S AL AT -

Q= NZ Sio X Vi = A ><Z‘,Sit X Yt 4)
Rltk, TEA5H M AR (A )5 SLbrfa g5 AR LA E T AR (A ) IR R A
. Zsit XYt
A_szsioxyit ©)
ZEA-A, QAP E—E &K, T ERICRIE S, FiiE S5 /7280 BT 17 2 3508 9 1) T Hb 5%

2.3.5. RIEMFMIELEH TR K B IEHR
BEOR SE 5 b BRI ORA S AR AA[27], B S 0 SRS [ R AR B s e R, 4 R TR 5 T 4 4
ML, BN E R T 2K BRI AR R . ZEARWT:
W =>"a xy, xm =Ax Y s xy xm (6)
A, WORRMEYAF=TKE: moN AL S EY | AR KHKE; E/- R — @&, X T4
TEARAIE TE HIRE KW, , DRI 45 M R B SR I B /K AT 4
W' =W, = A\Ixzsio X Vi XMy — A X Zsit X Vi X My )
R P T IEARK B RR, —ARAE AR K R B W R R A K A SR, RRAE
W7 i AU K B R [48] o AR ST FH A 32 BEAR A A S i R R UK A R my 20 /N2 1.08 mP kgt 2K 0.75
m kg, HifE 6.0 m® kg 1 [46]. B3 0.16 m? kgt MIZEHIK 0.25 m® kgt [49].
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3. RS54
3.1. RIEYFEEC BIZEL

HH 2006~2016 47 7 K BT L (138 £ ZARAE BRI TR A e BB AR 00 L A8 f mr (1 2), b
FENETRE, R ANFER R KR H T ERAEY), FRPh AR A & sl Th AR L 4EFF 7E 88.0%~93.0% [],
T FL SR R T ARG B A, 5 Bl 2006 £E 11 34.7%% Ky 2016 4R/ 32.4%, 1 oK (5 L i 26.0%32 T+ K
28.6%. XA FTEEBE(ENE) RS, A 7 MEE) UM S S v F, Hdr, @ GBS 5 i 2006 4
(1) 72.4%$2F+F] 2016 4F 1) 86.3%, FiHEIH 60.9%E T F 74.6%; 4 MEH(HTIE) AR /N EM F KA E,
Hop | K FIZNZZ & b2 R 2006 4 1) 78.8% 4 T 42 2016 4 [1) 87.9%, & HLAH H 82.19%3% Jin £ 96.3%;
FOE LR T, (HUTERE AT BRI S, THAELE] B 2006 41 70.5%F4% 2 2016 “E11) 41.7%,
T TR KR /N 22 b b T AR o 5

_ i {75 v
=
;‘ e e e — — e ey —— e
_ A E ki I E
i: e — —— e 7 ~— —
INF AR IE =l pE
i S
Bt = | I T
/(%) BT —_—rr—me———e— e = e e
_ I IE FH AR e 4
= = e
_ k=L ESm ks B R
] e e T
2005 2010 2015 2005 2010 2015 2005 2010 2015
R
—_— i [ mmmmeeea- E/S WAL e — R
Graphs by region

Figure 2. Proportion changes of main crop areas in Shouguang City and its townships from 2006 to 2016

2. 2006~2016 L& & FriEsE (HnE) T ER BB M E AL F1 T &

X3 6T K TR B (1 3E) 3 EERAE M Ao D AT o5 P EAT — Ju P I R (5 1), XAt i =
FORMAIG IR, GRS AR, EIFARE . ST 14 MREETE)RE, M2, Tk g
HGEFRE LB R B AR RS« MR, 5 ME(EHE) W PR, 3 ME(BnE) w38 m, K,
INFEEMTTE /DN 2 A B D O B P ROKIIT S, 5 MEMIE) W8N, 2 MEERIK, IxEE
TEATYIRARE TR PRI D 5 O R R X3k AR U, 32 MV — ERAFE T ARAE 3™ X, (HIL R AR
Wb B, R RBOLF-3.13; WHSERYL, 6 ANME(EHE) AR TR INEE, 4 N REED, Hid,
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NG TE SRS REI INi 2, T_E DB o B

Table 1. Change slope of the main crops’ planting proportion in Shouguang City and its townships from 2006 to 2016
% 1. 2006~2016 &S K FEEENE) E B RIEMMELL I LR R

F5 T TR (TIE) - —

INFE B S v b

6T 0.06 0.22% 0.25 -0.21
g AE -0.50° —0.49° 0.00 1.33¢
NRPTE 0.03 -0.20 0.00 0.20
A E -0.36* -0.52 0.00 0.88°
Y IE -0.37 -0.76 -0.01° 1.15
INFELE -1.03? -1.32° 0.00 2.35°
% 0.25 0.13 0.00 -0.42?
ks 0.47° 0.81% -0.80° -0.46°
&34 -0.23 0.72% -0.10 -0.37

FH A -0.26° -0.31 -0.08 0.67°
Beyug:: 0.45° 0.10 -0.01° -0.53%
T | 0.32% 0.55* -0.25° -0.47°
ZBHE -0.60° -0.76 0.00* 1.35°
prafzakech -0.09 -0.53 0.01 0.63
Eml: 0.41 1.97° -3.13° 0.17°

&UE: aniEd P <0.05 BT,

3.2. RIEMMESHIXBTNL

i BEARAE YR 45 K S B e bR, 2006~2016 4730 T X Il B (138 il 45 M 28 AU 3L 7 Fi,
RN BRI N - FORAL. FOK - MRAERL. BARAETY . N - BRSERY. N - BOK - EK
RIRITOK - B, 2013 4R 5, FESHRHITY 6 i, iSRS 5 %08 0.57; 2013 45,
MHE SRy 4 B, SRR R RS 0.43 (4 (L)) MEHZETRE, A6 i B () ik

© 2
0 =
A =
" B
k=S S S U P
P e
I 4 i::
i 2 8
= 2
K
= b , b N
T T T T T T
2006 2008 2010 2012 2014 2016
Ef
?l‘__
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T T T T T T
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— PE-ERF—— RN FoR-HRER

Figure 3. Richness (left) and proportion (right) of cropping patterns in Shouguang’s townships in 2006-2016
3.2006~2016 FFFE LA (ENE) MBS X R F E B (L E) M EERAR 2 HE 2 S (AE)
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ZER LR — BRI AUNE - ToREARONE(E 3(HE)). Hr, DUE - TR A RN TR B (H1E)
FFp R g M AR G AR, FFC N R R AR G AT, 3L 5 S B (1) B 1 LU Bl 4R REFE 36.0%:; 1T LA BR.
— B R AR 45 K O T B () BB AE 2013 A A BTN, Hh JE B 50.0%4 T 3 57.0%; 2015
B g DLZE D DA — AR R BN E RO S5 M 4EFF B 2015 SE G AR K - e B A L. XHE ek
Ui, 2006~2016 EIHLFE LS MIAZA L — R RN, LSRN T MG TR EW R R/ 75 6 i Aol & &
IRl - NUE /B e C: LY VAR

3.3. MELSHXBEN=ES R

2006~2016 F, ZEoUTiih MM E BEl. G k8. HOE. BRGS0 A 4540 R AR A LN 22
- KRB AT (5 4); FIRBAEMATIE . SCHRBTIE . HIRATIE . (B, 26 BATRE B M 4
PRI GR 2 DLR — GRS RO s IR IR BT TE AL S5 28 1 Y 2006 4R/ 22 - B A8y 2009 4R F oK
- B, R BN - TOK - RSN - iR, 2013 SRR BN R g, IE
KT PITEE 2 AR 45 K SR AL B i B 35 X o BB A = A AR AE R O T, (HIESEMRAERD
PRI 2B 0/, T TR AR 8 35 1, A LA 45 4 e o — R TR R DY 0K - MRAE T . IR INBTIE . R
FVEEURI 0 28 B A5 R 73 016 T A e 45 40 SR A e AR AR A K B (), FLAM AR (B 1E) I R R 5 Wy R R AR A2 A
(B Mt T AR LB AN i e AR o 9 1 R D AR AU, SR P A 0 2 A R o RO R 22 4 R R T
FFIEARAZ AL A

3.4. MBS YRR 1t FRHFE R R

LA 2006 SEFPAEZH NS G 5, 2006~2016 4 73 0 T D iR 45 A4 1 BERE 9 (R AR A W 4 o i AR
6990.8 hm?, X —THIFAZ) 5 LAV EY SRR TR 4.4% (% 2). ik, 7EBEE & F, 2006~2016 F74
ST ARAE AR 5 T AN R T A ' T A SRR K sk kT

20064F

C o — g
C s —Hmfemy
C -3k m
-y

0 5 10Km
IS E—
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Figure 4. Spatial distribution of cropping patterns in Shouguang’s townships in 2006 and 2016
4.2006 £EF0 2016 LEHH T & H(

8)MiEE LR =B S

X AEIGTH TS 14 ANMBL(ERE) R YL, T HUFE AR 2 R WA (R 2). AL E BEL B &
SKEAL b VBRI R B PR S5 R VR B R T “ I AE ), FEREZEAK N 20.2%. 15.7%- 10.9%F1 3.4%.
LT 75 6 A FS R g 8 PR B (AT ) o e 5 A R DU 4 7 T KON, ey, S RO 45 A TR R ) T
RN A, HUCR PN SR ATTE IS AT, T2 53 7 iA 2 85.5%. 35.3%F 17.4%.

Table 2. Land resource effect on the cropping pattern changes in Shouguang City and its townships in 2006-2016

% 2.2006~2016 FEENH K ATEEE

1B)FE LA R T RSN

AR Y TCR RS TR DRI 8 1 i iR
B (HIE)
hm? hm? hm? %
HEyei 158284.9 151294.1 —6990.8 -4.4
L 2008.6 2245.7 237.1 11.8
SCR 5097.2 5137.0 39.8 0.8
A 10328.0 11495.0 1166.9 11.3
I 1E 10729.5 12595.6 1866.1 17.4
INFIETTE 7226.0 9779.1 2553.1 35.3
W 14005.9 13530.9 —475.0 -3.4
i 13720.3 10955.0 -2765.2 -20.2
EN 11056.2 9853.1 -1203.0 -10.9
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Continued
FHHIEA 13035.2 15085.7 2050.5 15.7
o 8476.9 7672.8 -804.2 -9.5
A 17539.7 14784.8 —2754.9 -15.7
LEH 9100.8 10304.3 1203.6 13.2
Tt HI 4 16532.4 17609.6 1077.12 6.5
F 19723.0 36591.9 16868.81 85.5

3.5. MELEHIEER K FRHFE AR

DA 2006 “EFP IS5 NS IR IE R, 2006~2016 4F 75 1l R i 45 1 A B FE 2% K BH R A 62.8 x 10° m®
(7 3), X—/KEL BRI RS RN 4.4%. ik, EEEEM R T, 2006~2016 G4 e R EYFh
S5 R PR R T F5 e T K SR R )

X T s 14 NMEETE) R UL, TKSURZE T REGR 3). T AR IS B, . kO
LGB R BERED PSS M R =2 T R N, HieAE “REHL” RS IX I A
Horh s B KRR, 14 17.9%, JLURONBEER bR . AT AL BB AT RS #E 8 AN (fE 18 ) Fob i 25 1) ) 2
FEAE T RER) KT N, Hob, FEOEFMEEE IR KT Risr, & 99.1%, X5ENEBE
FEK I B — R A6 BRI 45 440 ) AFDO R K AR I oK - MRAE ST & B M 25 M 578 B 1A O

Table 3. Water resource effect on the cropping pattern changes in Shouguang City and its townships in 2006-2016
% 3. 2006~2016 FH T R A EEHE(HE) MMEL T (LA 7K BEIRSUN

AR TR T K K
FF6 KA (HIE)
10 m? 10 m? 108 m? %

o At 1440.9 1378.2 -62.8 4.4
I ATIE 21.7 29.2 15 55
A 62.5 62.7 0.2 0.3
g 110.3 115.6 5.3 48
IERATIE 107.0 116.8 9.8 9.2
TN A 89.9 105.9 15.9 17.7
b e 8 143.3 136.1 -7.2 -5.1

B 85.0 69.8 -15.2 -17.9
Bt 82.5 75.7 -6.8 -8.2
FH A4 114.7 130.0 15.3 13.4
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